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We have stated in a preliminary report that the
cyanosis observed in individuals treated with sul-
fanilamide is due to methemoglobin, and rarely,
to sulfhemoglobin (1). We recognized at the
time that attempts had been made to explain the
presence of cyanosis on a different basis.. Mar-
shall and Walzl (2) maintained that a black pig-
ment derived from sulfanilamide, and present in
the blood, was the cause of this cyanosis. A simi-
lar explanation was advanced by Ottenberg and
Fox (3). They described the phenomenon of a
bluish-purple pigment resulting when a colorless
sulfanilamide solution was exposed to ultra violet
light. We have confirmed this photochemical
change of sulfanilamide. The results of our in-
vestigation are in agreement with those of Hart-
mann and his associates who showed that the
cyanosis was related to methemoglobin formation
and that methylene blue administered to cyanotic
patients caused a disappearance of the cyanosis
and a reduction in the concentration of methemo-
globin (4).

At this time we desire to present further evi-
dence that the cyanosis is due solely to the pres-
ence of methemoglobin, and in rare instances, to
sulfhemoglobin. We have also included the re-
sults of a study of individuals receiving sulfa-
pyridine. Spectral distribution curves were ob-
tained with the spectrophotometer, using normal
human blood and the bloods of patients to whom
sulfanilamide or sulfapyridine was being admin-
istered. In initiating such a study, we believed
that if any pigment other than methemoglobin
that might cause cyanosis were present, it would
be detected in the spectral distribution curves.

MATERIAL AND METHODS

Spectroscopic studies have been carried out on the
bloods of 3 normal adults, 15 patients receiving sulfanil-
amide, and 5 more to whom sulfapyridine was given.
From 4 to 8 grams of sulfanilamide were administered
to the patients daily in divided doses for several days
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because of the presence of an infection. The free sul-
fanilamide in their bloods was determined on the day
the bloods were examined for methemoglobin. These
levels ranged from 4.9 to 20.8 mgm. of sulfanilamide per
100 cc. of blood. Sulfapyridine was given in divided
doses for a total of 4 to 9 grams per day. The blood
levels of free sulfapyridine varied from 2 to 14 mgm.
per 100 cc. of blood. Data for the absorption curves
were obtained with a Marten’s type polarization photo-
meter in combination with a Bausch and Lomb spectro-
meter. The spectrophotometric examinations were made
in the range from 480 to 700 mu. Whole blood was di-
luted with distilled water to give a concentration of
1:25 or 1:50. This solution was centrifuged for 10
minutes at 2400 revolutions per minute (radius 10
inches) in order to remove the stroma of the cells and
clarify the solution. Absorption cells 0.5 or 1.0 cm. in
length were used over the spectral range from 480 to
600 mu, and 3 cm. cells were used from 600 to 700 mu.
The slit of the spectrometer was opened fairly wide
during these observations so that more light could be
gathered. This reduced the height of the oxyhemo-
globin absorption peak at 576 mu a few per cent below
the values which would have been obtained with a nar-
row slit, due to the decreased resolving power. A con-
stant slit width was used throughout.

The first step was to obtain the normal absorption
spectra for oxyhemoglobin and methemoglobin. Bloods
from normal individuals were used, and dilutions were
made as previously mentioned with distilled water.
Oxyhemoglobin and methemoglobin spectral distribution
curves were made from absorption spectra of the same
samples of blood. Absorption of oxyhemoglobin at
576 mu was arbitrarily made unity in order to cancel out
the effect of concentration.

Methemoglobin was formed by the addition of an
excess of potassium ferricyanide. (The amount was
not measured, but approximated 100 mgm. per gram of
hemoglobin.) In each instance it was readily established
spectroscopically that the conversion to methemoglobin
was complete.

RESULTS

Normal absorption curves for oxyhemoglobin
and for methemoglobin are shown in Figure 1.
These curves are the average of several that were
obtained by noting the absorption of blood solu-
tions from 3 normal individuals. From the
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Fic. 1. ABsorpTION CURVES OF METHEMOGLOBIN AND
OXYHEMOGLOBIN
Blood diluted with distilled water and centrifuged.

curves in Figure 1, it was found possible to con-
struct curves representing bloods with given ra-
tios of oxyhemoglobin and methemoglobin.
These could then be used as a basis for a quanti-
tative chemical analysis of blood containing
methemoglobin, provided there were no other for-
eign colored substances present in the blood. In
Figures 2 and 3 such a family of curves is shown
for blood diluted with distilled water. In these
figures, the values indicating the amount of ab-
sorption are made unity at 576 mu (Figure 2)
and 630 mp (Figure 3) respectively. In other
words, one could consider the values plotted to
be the ratio of the absorption at any particular
wavelength to the absorption of 576 mp for
. Figure 2, and correspondingly at 630 mp for

R

\'

480 520 560 600
F16. 2. RATI0O OF THE ABSORPTION AT ANY GIVEN
WAVELENGTH TO THE ABSORPTION AT 576Mpa For BLoop
CONTAINING DIFFERENT PRoPORTIONS OF OXYHEMoO-
GLOBIN AND METHEMOGLOBIN

K
Keso
A
1.2 ‘&
10 \
.8 \\\ LA
. Omb Met-Hb
6| A- 100:0 \\\\ s
: 5- 95:5 T\ R St C
C- 90:10 \\\ D
4| D- 85115 \\\c
E- 75:25
F- 50:50 i
2| G- o:100 ~—1
o——r~ - el H
600 640 680 mp

Fic. 3. RATIO OF THE ABSORPTION AT ANY GIVEN
WAVELENGTH TO THE ABSORPTION AT 630Mz For BLooD
CONTAINING DIFFERENT PROPORTIONS OF OXYHEMOGLOBIN
AND METHEMOGLOBIN

Figure 3. In this manner, a correction is made
for different concentrations of hemoglobin in
various samples of blood. The characteristic ab-
sorption band of methemoglobin has a maximum
at 630 mp in neutral or slightly acid solution,
which makes its identification possible if other
foreign colored substances were present in the
blood. Therefore, absorption curves of blood
containing methemoglobin should match one of
the calculated curves of Figures 2 and 3 through-
out the entire spectrum. Any other colored sub-
stance could then be detected by the divergence
of these curves.

Blood was obtained from a patient who was
moderately cyanotic due to sulfanilamide. Spec-
troscopic examination of the blood revealed the
presence of an absorption band at 630 mp, which
is characteristic for methemoglobin. A spectro-
photometric study of the same sample of blood
was made, and the dotted curve seen in Figures 2
and 3 represents the absorption curve of this
blood. From the position of this curve, it was
estimated that this blood contained 12 per cent
methemoglobin.

If the dotted curve in Figures 2 and 3 is sub-
tracted from a theoretical curve that represents
12 per cent methemoglobin (not shown in fig-
ures), the curve of the difference is represented

by H. The absorption represented by H is no
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more than would be expected from experimental
variations. Therefore, our observations are con-
sistent with the interpretation that no colored
substance is present possessing a significant
amount of absorption over the wavelengths cov-
ered other than methemoglobin and oxyhemoglo-
bin. The blood studied in this and other experi-
ments reported in the paper was diluted with dis-
tilled water; similar results have been obtained
with blood diluted in 0.4 per cent ammonia, al-
though the absorption spectra were quite different.
With a spectrocolorimetric method previously de-
scribed, the value for the methemoglobin concen-
tration for the sample of blood represented by
the dotted curve was 10 per cent. In 7 addi-
tional instances compared, close correlation was
found between the results of the spectrophoto-
metric and spectrocolorimetric determinations.
These data were tabulated in our previous re-
port (1). Since the spectrocolorimetric method
depends entirely upon the characteristic absorp-
tion band of methemoglobin at 630 my, it is un-
likely that such a correlation would be found to
exist if pigments other than methemoglobin and
oxyhemoglobin were present in appreciable quan-
tities. The possibility might be considered that
another pigment having absorption at 630 mu was
present, but it would be an unlikely coincidence
that, in addition to possessing very similar ab-
sorption spectra, such absorption would also be
completely removed by methylene blue. This is
discussed later.

The amount of methemoglobin in a series of 13
determinations, as calculated in a manner similar
to that described by Heilmeyer (5), is given in
Table I. The determinations are made from the
ratio of the extinction coefficients K,,,/Kg4s, and
Ky10/Ksr. The subscripts refer to the wave-
length at which the extinction coefficient was
determined.

Differences in the amount of methemoglobin as
determined in the different parts of the spectrum,
can be ascribed to an unknown pigment or to
experimental errors. The majority of the de-
terminations of this table have had their spectral
distribution curves plotted in the manner illus-
trated in Figures 2 and 3. In these cases, the
curves followed those of a calculated methemoglo-
bin concentration quite closely throughout. Thus
it is believed that pigments of unknown nature

TABLE 1
Per cent methemoglobin

Number | 1 |2 |3 ] 4 516|789 (10)11]12]13
Kroo/Kew| 7.0 8.0 5.0/ 10.5 | 11.5 | 16.0 { 12.7 { 18.0 | 11.0| 9.5 1.0/ 10.0| 0.5
Kio/Kie} 12.0| 7.5( 5.0) 9.2 | 11.0  21.0 | 14.0 | 25.0 | 15.5 | 15.0 | 0.0 10.0 | 1.5

are not present in sufficient quantity to contribute
to the production of cyanosis. Determinations 11
and 13 in Table I were made on the bloods of
patients who were not cyanotic.

A cyanotic patient, whose blood contained 12.3
per cent methemoglobin as determined from the
absorption curves’ calculation, was given intra-
venously 20 cc. of a 1 per cent solution of methy-
lene blue. One-half hour after this injection the
blood of the patient was examined with the spec-
trophotometer and the absorption spectrum ob-
tained. This spectrum was that of normal blood
(determination 11 of Table I). So it would
appear that the methylene blue caused the removal
of methemoglobin as well as other colored sub-
stances, if the latter were present. It is important
to point out that the introduction of methylene
blue into this patient’s blood caused a decrease of
about 20 per cent of the absorption due to oxy-
hemoglobin content during this half-hour period.
This may well account for the temporary hy-
perpnea these patients exhibit shortly after the
injection of methylene blue, usually lasting for 15
to 30 minutes.

The blood of another patient who was being
treated with sulfanilamide was studied. He had
no evidence of cyanosis at the time that his blood
contained 13 mgm. per 100 cc. of free sulfanila-
mide. An absorption spectrum of his blood was
obtained at this time showing an approximately
normal spectrum. The methemoglobin concen-
tration was about 1 per cent (determination 13,
Table I).

It is of interest that over 50 patients have been
observed while being treated with sulfapyridine.
In but 1 of these patients has cyanosis been noted
that could be attributed to the drug. This patient
had a Type XXVI pneumococcus pneumonia in-
volving the right lower lobe, with an associated
massive collapse of the same lobe. Sulfapyridine
was administered, and after 48 hours mild cyano-
sis was noted. At this time, spectroscopic ex-
amination of laked blood {1:5 with distilled
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water) revealed a very weak absorption band at
630 mp (maximum). When the same sample of
blood was examined spectrophotometrically, the
peak of the absorption curve was in the same
range as for methemoglobin. One difference in
the curve was noted. Absorption was slightly in-
creased in the whole region of 600 mpu to 700 mg,
as compared to the bloods from patients receiving
sulfanilamide. = With the spectrophotometric
method described above, the value for methemo-
globin (assuming that the total absorption was due
only to met- and oxyhemoglobins) was 7 per
cent. Thirty minutes after the patient had re-
ceived 18 cc. of 1 per cent methylene blue solution
intravenously, examination of the blood showed
the normal absorption spectrum for oxyhemo-
globin. The presence of methemoglobin in the
blood of this individual, who received sulfapy-
ridine, appears to be in agreement with the more
extensive observations of Barnett and his asso-
ciates (9).

The absorption spectra of the bloods of 3 other
individuals receiving sulfapyridine were studied
and were found to be quite close to normal, even
when the blood contained as much as 5.4 mgm. of
free sulfapyridine and 1 mgm. of the acetylated
form per 100 cc. There was no methemoglobin
absorption. In these spectral distribution curves
there was a little greater absorption of quite uni-
form magnitude between 600 and 700 my and for
a given amount of hemoglobin, as measured by
the 576 myu absorption peak, there was a slightly
greater than normal absorption in the region
around 500 mu. This may indicate the presence
of a small amount of an unknown pigment.

The absorption spectrum was determined for
the bluish-purple pigment that results when dilute
solutions of sulfanilamide are irradiated with ultra
violet. This spectrum exhibits a broad absorp-
tion with a maximum at 570 mp, from which
point it decreases gradually throughout the visible
spectrum. Its presence, when mixed with blood,
would be detected by an increase in absorption in
the red region of the spectrum. There should be
no difficulty in separating methemoglobin from
this pigment.

DISCUSSION

As noted in our preliminary report (1), the
blood from patients who have become cyanotic

after receiving sulfanilamide has always been
found to contain methemoglobin (or rarely sulf-
hemoglobin) when examined in sufficient concen-
tration. We believe that failure by others to ob-
serve methemoglobin in such instances is probably
on the basis of too great dilution of the laked
blood. Thus we have noticed on a number of
occasions that the methemoglobin band could not
be detected in blood diluted 1:20 or even 1:10
with distilled water, but that it was distinctly vis-
ible in a dilution of 1:5. (This applies to a 2
cm. thickness with a Zeiss grating spectrometer).
The present spectrophotometric study has failed
to reveal the presence of any pigment other than
methemoglobin in the blood of cyanotic patients
receiving sulfanilamide. On the other hand,
neither cyanosis nor methemoglobinemia has been
noted following sulfapyridine therapy. In this
connection, it is of interest that we have not been
able to affect sulfapyridine with ultra violet light.
Pigments such as those derived from sulfanila-
mide under similar conditions do not appear.
The significance of this difference is not clear, but
it may be that methemoglobin formation is de-
pendent upon derivatives of sulfanilamide which
are not formed in the body from sulfapyridine. -

Webb and Kniazuk (6) have recently reported
the presence of pigments other than met- or
sulfhemoglobin (although these were also noted
at times) in the blood of rats receiving sulfanila-
mide. In comparing their results with those of
the present study, several points deserve mention.
The difference in species may or may not be of
significance. The amount of sulfanilamide which
they used was 15 to 40 times that used in the pa-
tients of the present series. It would be interest-
ing to know whether the concentration of sul-
fanilamide in the rats’ blood was in any way
correlated with Webb and Kniazuk’s finding of
pigments other than met- or sulfhemoglobin.
They did not report data on the blood sulfanila-
mide level. The very large doses which they used
evidently were often productive of severe toxic
effects since they note that *“ when there seemed to
be danger of the animal dying, the dose was re-
duced to 1.5 grams per kilo” (from 2 grams per
kilo). Severe toxicity, on the basis of such mas-
sive dosage, is a factor of unknown significance
with respect to pigment metabolism, and this fac-
tor was absent in the present study.
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Wendel and Wendel (7) have recently reported
their results of spectrophotometric and gasometric
measurements of the bloods from cyanotic pa-
tients receiving sulfanilamide. Their data indi-
cate that methemoglobin is the principal if not the
sole source of the abnormal color of the blood.
On the other hand, Bigler and Werner (8), using
a gasometric method, found that appreciable cy-
anosis may occur without the presence of inactive
hemoglobin. Likewise, cyanosis occurred without
methemoglobin or sulfhemoglobin being demon-
strated. It is difficult to interpret the results of
Bigler and Werner, since they do not state the
dilution of blood examined spectroscopically or
the thickness of the tube used.

SUMMARY AND CONCLUSIONS

1. The cyanosis observed in man following sul-
fanilamide therapy is explained by the presence
of methemoglobin (rarely sulfhemoglobin).

2. Methylene blue abolishes the cyanosis due to
methemoglobin (and other pigments if present,
except sulfhemoglobin), and the spectral distribu-
tion curve of the blood becomes normal.

3. Spectrophotometric studies of the blood of
sulfanilamide-treated patients have failed to reveal
the presence of pigments other than methemo-

globin in quantities large enough to contribute
appreciably to cyanosis.
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