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We have recently had available a solution con-
taining a high concentration of sulfapyridine in
50 per cent glucose which can be conveniently ad-
ministered orally, subcutaneously and intraven-
ously (1). This offered an opportunity to study
the effect of the route of administration of a drug
containing sulfapyridine on the blood level and
urinary excretion and to compare it with other
derivatives of sulfanilamide. The results of the
biochemical studies are presented in this paper.
The bacteriological and clinical results are pre-
sented elsewhere (1, 2).

METHODS AND MATERIALS

Four subjects were studied. They were maintained on
a house diet and their average fluid intake was about 3
liters daily. There was no demonstrable kidney damage
present in any of these patients. In the case of Subject
B, who is reported in detail, the phenolsulfonphthalein
excretion was normal and showed no change after the in-
vestigation was completed. In no instance did vomiting
occur following the administration of any of the drugs
investigated, nor was there any diarrhoea during the
period of observation. Subject A was a 26-year-old
white man weighing 127 pounds (58 kgm.), suffering
from gonococcal arthritis. Subject B was a 43-year-old
white male, weighing 152 pounds (69 kgm.), who had
arthritis thought to be of gonococcal origin. Subject C
was a 62-year-old white male, weighing 150 pounds (68
kgm.), who was under treatment for a parotid abscess
which followed facial erysipelas. Subject D was a 39-
year-old white male weighing 156 pounds (70 kgm.),
who had active gonococcal arthritis.

The glucose-sulfapyridine solution used in this study
was prepared for us by the Research Division of the
Lederle Laboratories. It contained 9.5 per cent total

1We are indebted to the Research Division of the
Lederle Laboratories for assays on the drug. They report
the gluoose-sulfapﬁridine compound to be a glucose anil of
the general formula:

CH,OH(CHOH)CH = N{ >so,NH-NQ

sulfapyridine in 50 per cent glucose solution. Approxi-
mately 97 per cent of the sulfapyridine was reported to
be in the form of a glucose-sulfapyridine compound, as
determined by a direct nitrous acid method. Hydrolysis
of the compound takes place rapidly in the presence of
cold dilute acids. For this reason the colorimetric method
of Marshall and Litchfield (3) cannot be used to deter-
mine the amount of sulfapyridine in combination with
glucose either in the original solution or in the blood.

During this investigation the glucose-sulfapyridine

solution and sulfanilamide were administered intraven-
ously, subcutaneously and orally; sodium sulfapyridine
was given intravenously, and sulfapyridine was given
orally. Each drug was given in 4.75 gram amounts in
500 ml. of fluid. Physiological saline was used for the
parenteral injections and tap water for the oral doses.
The intravenous injections were given over a period of
an hour, the subcutaneous ones in about 1% hours, and
the oral doses were divided into 6 parts and given over a
period of an hour. Some of the studies were repeated in
individual subjects.
" All urine samples were saved. Specimens were ob-
tained simultaneously with the blood samples as far as
possible. Determination of sulfapyridine or sulfanila-
mide was made on all samples. Collection of urine was
‘continued until it showed no appreciable amounts of the
drug. Before commencing a study of a second drug or
changing the route of administration, a further period of
24 hours was usually allowed to elapse.

In vitro studies were conducted by adding sufficient
amounts of the compound under investigation to oxalated
whole blood to give concentrations of the substance be-
tween 8 and 10 mgm. per 100 ml. The hematocrit was
determined in each instance and corrected for the oxalate
effect. Samples were removed at various times and the
concentration of the drug in the whole blood and plasma
was determined.

Determinations of sulfapyridine or sulfanilamide were
made by Marshall and Litchfield’s method (3), and
glucose determinations by the method of Folin and Wu

“4).
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100 ML..

MGS. PER

¢ SUBJECT A o SUBJECT B

EXPERIMENTAL

The effect of the intravenous administration of
glucose sulfapyridine, sodium sulfapyridine
and sulfanilamide on the blood level and
urinary excretion of sulfapyridine
and sulfanilamide, respectively

The sulfapyridine concentrations of the blood
in three subjects injected with glucose sulfapyri-
dine intravenously are shown in Figure 1. The
data for subject B, who was given all the drugs
by all the routes used in this study, are shown in

60 72

HOURS
A SUBJECT C
F1c. 1. EFrecT oF INTRAVENOUS INJECTION OF GLUCOSE SULFAPYRIDINE ON THE Broop LEVEL

— TOTAL ---*FREE"

Table I. (This subject’s excretion differed in
some respects from the other subjects studied in
spite of good phenolsulphonphthalein excretion.)
During the period 6f administration the blood
level of sulfapyridine rose rapidly, reaching levels
between 15 and 20 mgm. per 100 ml. of blood at
the end of the injection. The fall in concentra-
tion of the drug was equally rapid, only traces
being present in the circulating blood 11 hours
after the injection ended.

There was a rise in blood glucose comparable
to that found after the intravenous injection of an
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equivalent amount of glucose over a period of 1
hour (Table II). However, this temporary hy-
perglycemia was not accompanied by a glycosuria.
The sulfapyridine was rapidly excreted into the
urine and was recovered completely in 24 hours.
Between 11 and 27 per cent was recovered while
the injection was still in progress.

About 70 per cent of the drug was present in
the urine in the conjugated form as determined by
Marshall’s method (3). Whether this conju-
gated compound is the acetyl-derivative was not
determined. Even in the samples containing
large amounts of conjugated sulfapyridine, there
was no detectable glycosuria (Table II). Pre-
sumably the glucose compound was not being
excreted as such.

The urinary excretion of the drug was some-
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what dependent on diuresis. There was, how-
ever, a direct relationship between the blood level
of sulfapyridine and the amount of the drug
excreted in the urine.

Following the injection of sodium sulfapyridine
the maximum blood levels were not as high as
those obtained for the glucose compound, but sig-
nificant amounts of both free and total sulfapyri-
dine were present 12 hours after the injection.
The blood contained traces of free sulfapyridine
and determinable amounts of total sulfapyridine
36 hours after injection (Table I and Figure 2).
Between 88 and 100 per cent of the circulating
sulfapyridine at the end of the injection period
was in the free form. In two patients this par-
tition was rapidly reduced so that in 12 hours be-

TABLE 1
Effect of administration of certain derivatives of sulfanilamide on the blood level and urinary excretion of these substances
in Subject B
Blood Urine
Concfegtration e Excreti aﬁer, cg.r;t rcéi
i of drug oncentra- xcretion ministe:
Compound Route Time* Water | tion of drug| o dose excreted Remarks
Vol- | & cre- (cumulative)
Con- um tion
Freet| Total | ju-
gated Free | Total | Free | Total | Free | Total
ml.
mgm. per per mgm. per mgm. for
hours | 100'ml. | cemt | ™| 2er | "100 ml. ‘peri per cent
Glucose Intravenous | 106 110 L.
Sulfapyridine 1 184 | 20.0 120 2.0 [107.5(468 | 129 562 | 2.7 11.8 | Injection ended at 1 hour
3 4.5 5.8 300{ 2.5 [174.7|775 |524 | 2325 | 13.7| 60.7
6 2.2 23 800 4.3 495|180 |396 | 1440 | 220 | 91.2
124 T T 1400 | 3.7 124 44 | 174 615 | 25.7 | 104.1 | All values as sulfapyridine
24% T T 1350 1.9 45| 17 61 230 | 27.0 | 109.0
46 V] 0 2600 2.0 T 3 78 110.6
Sodium Intravenous H 4.4 5.3 17 620 4.7 63| 29 39| 0.6 0.8
Sulfapyridine 1 9.5 103 8 30| 1.0 47.1| 65.6| 14 20| 09 1.2 | Injection ended at 1 hour
3 6.9 8.5 19 300| 2.5 40.8| 64.1| 122 192 | 3.5 5.3
6 5.0 7.4 32 600 | 3.3 268 743|161 446 | 6.9 14.7
12 2.9 5.4 46 | 980 | 2.7 | 22.6| 84.0]222 823 | 11.5 | 32.0 | All values as sulfapyridine
24 T 3.2 | 100 780 1.1 23.6]179.1| 184 | 1397 | 154 | 61.4
36 T 1.8 [ 100 |1640] 2.3 4.7| 452 77 741 | 170] 770
48 T T 1000 | 1.4 34| 40.7| 34 407 | 17.7 1 85.5
72 T T 2900 | 2.0 0.8 69| 23 200 | 18.2 89.7
94 2800 2.1 T 13 36 90.5
119 240 T 1.5 4 90.6
Sulfanilamide | Intravenous 8.1 8.1 0 751 5.0 | 248 2438 19 19| 0.4 0.4
11.7 13.4 13 215] 7.2 54.0| 58.7|116 126 | 2.8 3.0 | Injection ended # hour
2 8.3 9.5 13 430| 3.6 | 55.8]| 70.0|240 301 | 79 93
5 7.1 8.6 17 11150 | 6.4 24.8| 30.6]285 352 | 139 16.7
12 43 7.2 40 740 1.8 | 42.5| 70.2|314 519 | 20.5 | 27.6 | All values as sulfanilamide
24 2.7 4.9 45 400 1.9 29.1 | 65.7 | 407 920 | 29.1 470
36 1.6 3.6 56 |1850| 2.6 13.1| 43.7 | 242 808 | 34.1 64.0
48 T 2.8 | 100 680 | 0.9 122} 60.1| 83 408 | 35.8 72.6
68% 1300 1.1 62| 309 | 81 402 | 37.5 81.1
713 T T 610 3.3 38| 248| 23 151 | 38.0 843
Glucose Subcutaneous 1 1.8 2.5
Sulfapyridine 3 4.6 6.6 650| 3.6 18.2 | 117.0 | 118 761 | 2.5 16.0
6 4.0 5.2 380 | 2.1 62.5 | 290.1 | 237 1102 7.0 | 39.2 | Injection ended 14 hours
12 2.0 33 1000 | 2.8 32.2 | 165.5 | 322 1655 | 13.8 73.9
24 T T 1100 1.5 27.3| 86.2|306 948 | 20.1 | 93.9
36 SLT.| SLT. 2000 | 2.8 13 8.1| 26 162 | 20.6 | 97.3 | All values as sulfapyridine
48 SLT.| SLT. 900 12 1.2 59| 10.8 53 | 20.8 98.4
69 2900 2.3 T 1.3 37 99.2
72 (V] 0 250 1.4 T 1.7 4 993
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TABLE I—Continued

Blood Urine
Concfegtration C Excreti a}d’:r‘n.ic?m roefd
of drug oncentra- xcretion niste:
Compound Route Time* Vel Water | tion of drug| of drug | dose excreted Remarks
Ol- | oycre- (cumulative)
Con- | Y™€| “tion
Freet| Total | ju-
gated Free | Total | Free | Total | Free | Total
ml.
mgm. per per mgm. per mgm. for
hours | "100'ml. | cemt | ™ | B | "100 mi. period per cent
Sulfanilamide | Subcutaneous 3 T 19 | 100 180| 4.0 2.8, 127 5 23| 0.1 0.5
1} 1.8 3.1 419] 20| 04 106| 21.6 2 4| 0.1 0.6 | Injection ended at 1} hours
3 3.8 5.0 2401 190| 2.1 24.7| 41.7] 47 79 1.1 2.3
6 9.0 10.6 15.11 4501 2.5 53.4| 77.0)240 346 | 6.1 9.6
12 4.7 6.7 29911600 | 4.4 | 469| 74.1|750 | 1186 | 21.9 | 34.5 | All values as sulfanilamide
24 2.1 3.5 400 (1160 ] 1.6 43.81 1100 | 508 | 1276 | 32.6 | 61.4
50 1.2 3.0 60.0 |23 1.5 199] 523 1229 [ 42.5| 873
74 T 2.1 |100.0(1840| 1.2 6.2| 30.3|114 558 | 449 | 99.0
92} 3000 | 2.7 1.0 58] 30 174 | 45.5 | 102.7
95 T T 200 1.3 1.6| 12.2 3 24 | 45.6 | 103
Glucose Oral 1 T T 400| 6.6 0.8 16 3 6| 0.1 0.1
Sulfapyridine 3 T 1.7 | 100 25| 0.2 | 226] 59.2 6 151 0.2 0.4 | Administered over first hour
6 T 1.8 | 100 150| 0.8 26.6| 96.1| 40 144 10 3.4
12 T 1.9 | 100 700 2.0 10.5| 43.5| 73 304 | 2.5 9.8
24 1.6 29 45 650( 0.9 | 23.5]|119.0|153 773 | 5.7 26.1 | All values as sulfapyridine
36 1.5 30 50 |1450| 2.0 163 | 73.7]1236 | 1069 | 10.7 | 48.6
48 T 2.0 | 100 720 1.0 2001|1282} 1. 923 | 13.7 | 68.0
72 2800 2.0 3.1 234 87 655 | 155 | 818
94 25001 1.9 1.0 25| 25 62 | 160 | 83.1
96 0 0 15| 0.5 1.5] 5.9 1
Sulfanilamide | Oral 6 6.6 7.8 154 (1600 | 4.4 27.5]| 40.0 93 13.5
12 4.7 6.9 319 800| 2.2 52.5| 88.8}420 713 | 18.1 | 28.5 | Administration over 1 hour
24 33 7.1 53.5(1050 | 1.4 | 39.2| 99.0]412 | 1 26.8 | 50.1 | 1st sample at 6 hours
36 1.9 3.8 50.0 (1200 | 1.7 96| 26.4]115 3161292 57.1
48 1.3 3.2 59.111000| 1.4 11.8] 43.7]|118 437 | 31.7 | 66.3 | All values as sulfanilamide
72 T 20 |100.012700| 1.9 54| 218|146 588 | 34.8 | 78.7
96 T 1.5 | 10003100 | 2.2 1.8 6.5]| 56 201 | 360 | 829
120 (1] T 2900 | 2.0 T 39 115 853
141 0 SLT 2900 | 2.3 T 1.0 29 85.9
144 300 1.7 T 21 6 86.0
Sulfapyridine | Oral 6 4.4 6.5 32.3 1600 | 4.4 1081 19.7|173 315 | 3.6 6.6
12 3.2 7.4 56.8| 820} 23 264 | 844|216 692 | 8.1 21.2 | Administration over 1 hour
24 1.4 3.6 61.1] 550( 0.8 30.2| 150166 | 1182 | 11.6 | 46.1
48 SLT. T 2800 1.9 5.2| 41.8|146 | 1170 | 14.7 | 70.7 | 1st sample at 6 hours
72% 0 V.SLT. 2950 | 2.0 1.1 8.6 254 1154 | 760 s
96 2950 | 2.1 0.5 16| 15 47 | 15.7 | 77.0 | All values as sulfapyridine
120 3400 | 2.4 T 06| T 20 77.4

* All times recorded from commencement of administration of drug.

1 The values given for * free " sulfapyridine following the administration of glucose sulfapyridine refer only to the values
%’v n by the Marshall method without hydrolysis (3) and do not $mply that the sulfapyridine was present in the free form.

= Trace. SLT. = Slight trace. V.SL.T. = Very slight trace.

TABLE II

The effect of the intravenous administration of glucose and of

glucose sulfapyridine on the concentration of glucose
in the blood and urine of Subject B

Glucose Glucose sulfapyridine
Time
Blood Urine Blood Urine
mgm. per| grams per |mgm.per| grams per
hours 100ml. | “100ml. | 100ml. | 100 ml.
Fasting. ........ 90.9 |Lessthan0.10]| 1150 0.25
$ hour after ingec.. 144.5 |Lessthan0.10]| 181.1
1 hour afterinjec..| 171.8 |Lessthan0.10| 227.5 0.20
2 hours after injec.] 115.6 |Lessthan0.10
3 hours after injec.] 96.6 |Lessthan0.10 95.8 0.20
4 hours after injec. 84.4 |Lessthan0.10
6 hours after injec. Less than 0.10
12 hours after
€C.. . .iuunnn Less than 0.10

tween 40 and 46 per cent was circulating as the

conjugated drug.

The excretion of sulfapyridine into the urine
after the injection of sodium sulfapyridine was
much slower than in the case of the glucose com-
pound (Table I). In 96 hours, however, 90 per
cent of the administered sulfapyridine had been
excreted. About 75 per cent of the total sulfa-
pyridine excreted was in the form of the conju-
gated drug and this percentage was approximately
the same whether the sodium salt or the glucose
compound was injected.

The effect of diuresis on the urinary excretion
of sulfapyridine was not marked in Subject B,
but in the other two individuals the maximum
excretion of the drug into the urine corresponded
to a period of maximum diuresis. There was no
parallelism between the blood level and the ex-
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Fic. 2. (Susject B.) Broop LEVELS AFTER INTRAVENOUS ADMINISTRATION OF THREE SULFANILAMIDE DERIVATIVES

cretion rate of sulfapyridine such as obtained for
the glucose compound.

The injection of sulfanilamide gave similar re-
sults except that there was a somewhat lower con-
centration of conjugated sulfanilamide present in
the urine than that found after the injection of a
corresponding amount of sodium sulfapyridine.

The effect of the subcutaneous administration of
glucose sulfapyridine and sulfanilamide on
the blood level and urinary excretion of
sulfapyridine and sulfanilamide
respectively

The blood concentrations of sulfapyridine fol-
lowing the subcutaneous injection of glucose sul-
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{ INJECTION ENDED

100 ML..

MGS. PER

¢ SUBJECT A o SUBJECT B

fapyridine are shown for the three subjects in
Figure 3, and the data obtained on a second occa-
sion in Subject B are shown in Table I. The
concentration of sulfapyridine in the blood rose
more slowly and to a lower maximum than when
glucose sulfapyridine was given intravenously.
Determinable amounts were present in the circu-
lating blood for at least 12 hours. There was no
marked increase in the conjugated form as was the
case when the sodium salt or sulfanilamide was
given intravenously.

The subcutaneous injection of glucose sulfa-
pyridine was followed by a hyperglycemia com-
parable to that produced by a similar amount of
glucose. There was, however, no corresponding
glycosuria. All of the sulfapyridine was re-
covered in the urine within 24 to 48 hours, from
77 to 87 per cent appearing in the conjugated
form.

Following the subcutaneous injection of sul-
fanilamide, the blood levels rose slowly to a maxi-
mum of between 8 to 10 mgm. per 100 ml. 6 hours
after the injection was started. In Subject B
(Table I and Figure 4) determinable amounts of
free sulfanilamide were present 50 hours after
commencement of injection; in a second subject
only traces were present at this time. In both
instances, however, levels between 2 and 3 mgm.
of free, and 3 to 5 mgm. of total sulfanilamide
per 100 ml. of blood were present 24 hours after

36 48 60 72

HOURS

A SUBJECT C
F1c. 3. EFFECT OF SUBCUTANEOUS INJECTION OF GLUCOSE SULFAPYRIDINE ON THE BLoop LEVEL

— TOTAL ----FREE"

injection. During the time when the blood levels
were high, between 70 and 89 per cent of the drug
was present in the free form.

All of the subcutaneously injected material was
recovered from the urine in 96 hours; 38 per cent
of this was present as the free and 62 per cent
as the conjugated drug. ~ The maximum excretion
occurred during or shortly after a period of maxi-
mum diuresis. The essential difference between
the urinary excretion of sulfapyridine after in-
jection of the glucose compound and the excretion
of sulfanilamide, when both were given sub-
cutaneously, was the greater rapidity of the re-
moval of glucose sulfapyridine from the blood.

The effect of the oral administration of glucose
sulfapyridine, sulfapyridine, and sulfanila-
mide on the blood. levels and urinary
excretion of sulfapyridine or
sulfanilamide

The blood levels after oral administration of
glucose sulfapyridine in three subjects are shown
in Figure 5, and the data for Subject B appear in
Table I. The absorption from the gastro-intes-
tinal tract was very slow. Appreciable concen-
trations did not appear in the blood until 24 hours
after the beginning of ingestion. Unlike the find-
ings after parenteral administration of the drug,
there were large amounts of conjugated sulfa-

pyridine present in the circulating blood.
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F16. 4. GLUCOSE SULFAPYRIDINE AND SULFANILAMIDE: EFFECT OF SUBCUTANEOUS INJECTION ON THE BLoop LEVEL

About 80 per cent of the drug administered was
recovered from the urine in 72 hours. Approxi-
mately 25 per cent of this amount was in the free
form. The maximum excretion of the drug oc-
curred during the interval between 24 and 36
hours, which corresponded to maximum levels in
the blood.

For purposes of further comparison, additional
data on the effect of the administration of glucose
sulfapyridine by the three different routes on the
blood levels of sulfapyridine in Subject A are
shown in Figure 6. The data on the recovery of
this drug from the urine of the same subject are
shown in Figure 7.

[

100 ML.

MGS, PER

® SUBJECT A o SUBJECT B

HOURS
a SUBJECT C

— TOTAL ----FREE"

F16. 5. EFfrect oF ORAL ADMINISTRATION OF GLUCOSE SULFAPYRIDINE ON THE BrLoop LEVEL
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When equivalent amounts of sulfapyridine or
sulfanilamide were given orally, the rate of ab-
sorption from the gastro-intestinal tract was much
faster than for the glucose compound. Values of
4 to 8 mgm. of free sulfapyridine or sulfanilamide
per 100 ml. of blood were obtained 6 hours after
the beginning of ingestion and determinable levels
were present in the blood 24 hours later. A com-
parison of the effect of the administration of these
two drugs with glucose sulfapyridine is shown in
Figure 8 and in Table I. Similar results for the
absorption and excretion of sulfapyridine and sul-

fanilamide after oral ingestion have been reported
by others (5, 7, 8).

The distribution between red blood cells and
‘plasma of certain derivatives of
sulfanilamide in vitro
The fundamental differences in the behavior of
glucose sulfapyridine and other sulfanilamide
derivatives given intravenously and subcutane-
ously made appropriate a further consideration of
the data in the light of blood clearance and dis-
tribution in the body. However, since the investi-
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F16. 7. GLUCOSE SULFAPYRIDINE: EFFECT OF ROUTE OF ADMINISTRATION ON URINARY ELIMINATION
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F1c. 8 Broop LEVELS AFTER ORAL ADMINISTRATION OF THREE SULFANILAMIDE DERIVATIVES
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TABLE III
Distribution between whole blood and plasma of glucose
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III. Glucose sulfapyridine was present only in
the plasma, sodium sulfapyridine was equally dis-

sulfapyndme, sodium sulfa line and :
sulfanilamide in v{g’; tributed between the red blood cells and the
plasma, and sulfanilamide showed a slightly
Whoto| 1 lgﬁlcu;l_ Salowe | greater concentration in the red cells than in the
0] as- | lal Vi 8 V. ema~ . . . .
Sub-| Compound | Timefrom | blood | ms | uestin | ues*in toort plasma. This increased concentration in the red
Jec given mixing val val pluma or or cor- . . . .
ves® | ues® | 100l | 100ml | rested) cells of sulfanilamide was pointed out previously
O 100 . . . . . .
— by Sise (6). This slight increase in concentration
mgm. . . . .
per | per in the red blood cells was disregarded in subse-
al ml. | ml quent calculations.
lucose
T |Sulfapyridine |10 minutes| 9.0 | 164 84 0.6 48.8
T |Soum dine|1ominutes| 87 | 96| 49 | 38 |4ws The distribution of glucose sulfapyridine between
Glucom red cells and plasma in vivo
Lo |Sulfapyridine {10 minutes| 11.2 | 19.8 115 0 418
Lo |Sodium Two subjects were given 4.75 grams of glucose
Sulfapyridine (10 minutes| 7.7 | 82 | 438 29 | 4%  sulfapyridine intravenously, two others received
P G0 e |10 minutes| 91 | 156 | 83 08 |49 the same amount subcutaneously and three were
P |Glueose | oo lior | ss o given 12.5 grams of the drug orally. Hematocrits
o spyricine | L hout i e - ® | % were determined and estimations of sulfapyridine
cose .
F |Sulfapyridine | 3hours | 89 | 160 | 85 0 469  were made on the whole blood and plasma at ap-
p |Sodm o o3| 87| a8 o1 oo propriate intervals. The data are shown in Table
apyridine |10 minutes X . X . 46. . . . .
Sodi IV. Like the in vitro results, glucose sulfapyri-
lum 3 . 3 . .
F |Sulfapyridine| 1hour | 82 | 86 | 46 36 |49 dine showed little penetration into the red blood
. gouﬂi::yﬁ dive | 3bows | 82 | 86 . P cells when given intravenously or subcutaneously,
¥ | Sulfoniiamide [0 mioree | 97 | 77 |21 TR T whllehfollov;rmf orallfadml.t;l-straftlon :I?pro;umalieiy
P |Sulfanilamide| 1 hour 04 | 74 39 55 | 469 ODEL ird of the su. apyridine tound in the whole
F |Sufesilamide| 3hows | 03 | 75| 40 | s3 |49 Dlood was present in the red cells.
Low| Glucose
Sulfapyridine {10 minutes| 9.9 | 18.9 9.5 0 50.2 TABLE IV
Low| Glucose Distributi idine b ed blood cell. d
idine y ! 88 09 Y istribution of sulfapyridine between 71 od _cells an
G““‘p 1 hour 87 | 178 52 plasma when glucose sulfapyridine was administered
lucose 10US routes
Low|Sulfapyridine | 3bours | 99 | 185 | 93 06 | 502 by various r
Sodium
Low|Sulfapyridine [10 minutes| 81 [ 87 | 44 37 | s02 whote| prag. | St | Galon-
0 8 8l
Low| Sodium Sub Timoatter| biood | ma | sufapyri- | sulfapyri Hema-
Sulfapyridine { 1 hour 8.1 8.8 44 3.7 50.2 Je:t Route ‘gmtiln”- sulfs- | sulfa- pldimf g‘ﬁ:f (cor-
. on o asma [or or
Sodium ston | o | B | PRl | oy [ rected)
Low| Sulfapyridine | 3 hours 8.1 8.2 4.1 4.0 50.2 blood
Low| Sulfanilamide {10 minutes| 8.5 7.6 38 4.7 50.2 mgm. | mgm.
P ) in 100 { in 100
Low| Sulfanilamide | 1 hour 9.3 5 3.8 55 50.2 ml. | ml.
Low|Sulfanilamide| 3hours | 97 | 74 | 37 60 | 502 I|Intravenous |  1hour | 108 | 17.2 | 105 0 89
I | Intravenous 3hours| 74 | 108 6.6 0.8 38.9
* Sulfapyridine or sulfanilamide. II | Intravenous | 1lhour | 9.1 | 163 | 93 0 433
. . Il | Intravenous | Bhours| 41 | 7.1 | 40 0 433
gation had been made on whole blood, the dis- —rlg———r— i, o5 | 80
tribution of these compounds between red blood | {0 1 sl 33| 46| 28 o5 | 88
cells and plasma was studied. IV | Subcutaneous| 3hours| 43 | 7.8 | 44 0 28
The distribution of glucose sulfapyridine, so-  |v|gibeutancousl 4hous| 39 | 56 | 32 07 | 428
dium sulfapyridine and sulfanilamide between red v ol o | 108 | 25 | o2 37 | 64
blood cells and plasma was determined in vitro at (o Mibous| 106 | 110 | 61 5 | 451
various times up to 3 hours after their addition to |G Mibous| 120 | 146 | 83 | 37 | 432
oxalated blood. The results are given in Table
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The distribution of glucose sulfapyridine in the
body water after both intravenous and subcutane-
ous injection shows that the drug is confined
essentially to the extra-cellular water (Table V).

TABLE V
Distribution of glucose sulfapyridine

Time after 'f)g:'l‘ldm"ffi: T;;ﬂa"ﬁ" Liters| Per
Patient Route | ¢ injection| S€TUIn Water excreted in b&fiy oent of
inhours | 3tendof :‘n%“ﬁ water mt
hours mgm. mgm. liters |per cent
B Intravenous 3 8.4 2887 25 36
A Intravenous 3 6.4 3024 31 53
(o] Intravenous 3 74 2558 33 49
B Subcutaneous} 12 4.8 3518 23 33
A Subcutaneous 6 4.6 3734 28 48

Sodium sulfapyridine, sulfapyridine and sulfanila-
mide, when given by each of the three routes, were
distributed over the total body water. Unfor-
tunately, variations in the amounts of free and
conjugated sulfapyridine or sulfanilamide, and
secretion of these compounds into the gastro-
intestinal tract prohibit determination of the dis-
tribution. In all instances, however, the apparent
distribution of sulfanilamide and sulfapyridine or
its sodium salt was in a volume of water in excess
of 70 per cent of the body weight, and this was
also true following the oral administration of
glucose sulfapyridine.

The renal clearance of sulfanilamide and certain
of its derivatives when administered
by different routes

The clearance values given in Table VI were
obtained by recalculation of the whole blood data
on three subjects, making use of the distributions
between red cells and plasma to obtain serum
levels. When given by the intravenous route,
glucose sulfapyridine differed sharply from either
sodium sulfapyridine or sulfanilamide. The lat-
ter two substances were cleared at rates indicating
a considerable degree of tubular reabsorption
while the glucose compound was cleared at a
rate usually associated with simple glomerular
filtration.

When glucose sulfapyridine and sulfanilamide
were given subcutaneously, the clearances for the
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TABLE VI

Blood clearances of glucose sulfapyridine, sodium sulfa-
pyridine and sulfanilamide when administered by

different routes
Average | Total drug*
serum® con- ted in | Blood cleared
centration | urine for per minute
Po-| 0o i | 2o 'rimf e| (calculated) |  period
el mpoun ute | of pe-
tient po ey
Con-
Free | Total| Free | Total| Free| ju- | Total
gated
min- | mgm. per
Wes | 100ml. | mom.| mgm. ml. | ml. | ml
B | Glucose Intra- | 120 153 2325 125
Sulfapyridine | venous
A | Glucose Intra- | 120 12.7 1737 114
Sulfapyridine | venous
C | Glucose Intra- | 120 12.0 1718 90
Sulfapyridine | venous
B |Sodium Intra- | 120 | 73| 85| 122 | 192] 14 | 48| 19
Sulfapyridine | venous
A | Sodium Intra- | 180 | 7.5| 7.7 | 429 | 508 | 32 37
Sulfapyridine | venous
C |Sodium Intra- | 120 | 7.8 | 100 | 181 | 256 | 20 | 28 | 21
Sulfapyridine | venous
B |Sulfanilamide | Intra- | 120 | 10.0 | 11.5 | 240 | 301 | 20 | 34| 23
venous
D |Sulfanilamide| Intra- | 195 | 5.7 | 7.1 )| 475 | 728 41 | 92| 52
venous
B | Glucose Subeu- | 360 6.2 1102 49
Sulfapyridine | taneous|
A | Glucose Subeu- | 120 9.0 1267 117
Sulfapyridine | taneous|
C | Glucose Subeu- | 180 7.9 1714 120

Sulfapyridine | taneous
B |Sulfanilamide| Subcu-| 180 | 58 | 7.0 | 240 | 346 | 23 | 49| 27

taneous
D |Sulfanilamide | Subcu- | 360 | 5.1 [ 6.8 | 645 | 1057 | 36 | 68 | 43
taneous,
B | Glucose Oral 720 | 14 2.7 | 236 |1069]| 23 | 89| 55
Sulfapyridine
A | Glucose Oral 720 | 36| 43| 592 | 954 23 | 72| 32
Sulfapyridine
C | Glucose Oral 720 | 17| 2.9 209 | 986| 24 | 80| 47
Sulfapyridine
B | Sulfapyridine | Oral 720 | 2.1 | 5.0 166 [ 1182 11 | 49| 33
A |Sulfapyridine | Oral 720 | 3.6 | 4.0/ 606 | 804 23 28
C |Sulfapyridine | Oral 360 | 3.7| 56| 506 |1183| 38 | 99| 59
B |Sulfanilamide | Oral 720 | 14| 32| 118 | 437| 12 | 25| 19
A |Sulfanilamide | Oral 360 | 3.5%| 4.5t 596 | 995| 47 | 111 | 61
C |Sulfapyridine | Oral | 360 | 4.0 | 5.7 | 530 | 1400 | 37 | 142 | 69

* = Sulfapyridine or sulfanilamide.

. Jod= Determinations were done on serum instead of whole
blood.

glucose compound were elevated above that for
sulfanilamide. With one exception (Subject B)
the values for the clearances were similar to those
found after intravenous administration.

‘When given by the oral route glucose sulfapyri-
dine, sulfapyridine and sulfanilamide all gave
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similar values. For all the compounds given
orally the clearance values indicated marked tubu-
lar reabsorption. The clearance of the conju-
gated form of sulfanilamide or sulfapyridine was
always higher than the free form. The tubules
apparently selectively reabsorb the free form of
sulfapyridine and sulfanilamide.

DISCUSSION

The data presented show that, when glucose
sulfapyridine is given intravenously or subcutane-
ously, its behavior is quite different from that
of the other derivatives of sulfanilamide used in
this study when they are given by the same route.
The levels of total sulfapyridine in the blood are
comparatively higher but these high levels are not
maintained. After a brief interval no circulating
sulfapyridine is demonstrable.

From the clearance data it is possible to say
that intravenous glucose sulfapyridine is elimi-
nated with very little reabsorption while sulfapyri-
dine and its sodium salt, given by parenteral or
oral routes, and glucose sulfapyridine, given by
mouth, undergo considerable tubular reabsorption.
This would indicate that glucose sulfapyridine
given intravenously or subcutaneously is not con-
verted to sulfapyridine or sodium sulfapyridine
but retains its identity in the blood and is excreted
at a different rate. The low clearance values fol-
lowing the oral administration are of the same
order of magnitude as those obtaining for sulfa-
pyridine. There is a corresponding increase in
the concentration of sulfapyridine in the red blood
cells. It would appear, therefore, that orally ad-
ministered glucose sulfapyridine is largely con-
verted to sulfapyridine or its sodium salt before
absorption.

Calculations of the distribution of glucose sul-
fapyridine given by parenteral route show that the
drug is distributed over the extracellular fluid.
In this regard it behaves in sharp contrast to sul-
fapyridine and sodium sulfapyridine which, by
approximate calculation, appear to be distributed
over the total body water. The distribution of
the various compounds between red blood cells
and plasma offers still further confirmation of
these observations. The oral administration of
glucose sulfapyridine differs from that of sulfa-
pyridine and sulfanilamide. The absorption is
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slower, maximum concentrations are lower and
are found 24 hours or longer after the ingestion
of the drug.

These observations are interpreted as meaning
that, following intravenous or subcutaneous ad-
ministration, glucose sulfapyridine circulates in
the blood unchanged. However, it would appear
that the material present in the urine was not glu-
cose sulfapyridine. This is suggested by the fail-
ure to show any glycosuria comparable to the
amount of sulfapyridine present in the urine, and
also by the presence of a conjugated compound
determinable as such by the Marshall and Litch-
field method (3).

The results of studies on the pneumococcidal
activity of glucose sulfapyridine in human blood
were in accord with these findings (2). The ad-
dition of glucose sulfapyridine to blood in high
concentration i witro produced no pneumococ-
cidal activity. On prolonged standing at 37° C.
only slight bacteriostasis became evident. When
blood was withdrawn from patients to whom glu-
cose sulfapyridine was given intravenously or sub-
cutaneously, no pneumococcidal power was evi-
dent. Even should some activity occur in the
blood after prolonged standing, the present data
show that the drug is removed too quickly from
the circulating blood for such a possibility to
arise in wvivo after parenteral administration.
Following the oral administration of glucose sul-
fapyridine the pneumococcidal power of the cir-
culating blood was practically the same as that
demonstrable with blood having similar concentra-
tions of drug after sulfapyridine itself had been
given. These studies offer further evidence that
the substance present in the blood after intra-
venous or subcutaneous administration of glucose
sulfapyridine is not free sulfapyridine. They
also suggest that the oral administration of glu-
cose sulfapyridine results in its decomposition
with the formation of active sulfapyridine.

It is of interest that such a slight procedure
as boiling a drug in glucose solution should so
change its biochemical and physiological activity.
It is suggested that such studies as the ones pre-
sented, when applied to new therapeutic sub-
stances of this type, may be helpful in deter-
mining the potentialities of a drug. Glucose
sulfapyridine by these criteria, when given by the
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parenteral route, has characteristics which indicate
that it is probably not useful therapeutically.
The rapidity with which it leaves the blood
stream, its poor distribution and its apparent fail-
ure to hydrolize into an active substance all mili-
tate against its usefulness.

CONCLUSIONS

1. Glucose sulfapyridine administered intra-
venously or subcutaneously gives high levels of
the drug in the blood but is rapidly excreted and
appears to circulate in a form which does not be-
have like sulfapyridine.

2. The data for the clearances of glucose
sulfapyridine after its intravenous or subcutane-
ous administration indicate that little or no reab-
sorption of glucose sulfapyridine takes place.

3. Glucose sulfapyridine administered orally is
absorbed slowly. In other respects, however, the
drug present in the blood after its absorption from
the gastro-intestinal tract behaves in the same
manner as when sulfapyridine itself is given.

4. Glucose sulfapyridine given intravenously or
subcutaneously does not enter the red blood cells,
and is apparently distributed only in the extra-
cellular fluids.

The authors gratefully acknowledge the suggestions
and assistance of Dr. A. W. Winkler of the Department
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of Internal Medicine, Yale University Medical School,
in the interpretation of the clearance and distribution
data.
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