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REVITYW OF LITTZRATURE

The results obtained from blood studies following
the administration of sulfamerazine in various animal species
have been reported. Limited experimental data comparing the re-
sults obtained by the administration of sulfamerazine in dogs by
various routes and dosazes have been published.

Sulfanerazine (2-sulfanilamido=4-methylpyrimidine) is

represented by the following siructural formula,

N=—=CI

ﬁ
Hol |—N—l CH

0 B N (==—CHg

Sulfamerazine

Sulfamerazine has distinct advantages over other sulfo-
nanides in veterinary practice in that it is more rapidly and completely
absorbed from the gastrointestinal tract and more slowly eliminated
in the kidneys (Velch et al., 1943), (Goodwin et al., 1942), (Murphy
et al., 1943), (Bryan, 1946) (Francis, 1947), (Wastrack and Lewis,
1947), and (Scheldy and Tillson, 1947). Therefore, therapeutic blood
levels are maintained for longer periods and these levels can be pro-
duced and maintained by smaller and less frequent doses of the drug.

In man, sulfamerazine is mainly absorbed from the small intestine
and only slightly from the stomach with the large intestine inter-

mediate in absorptive capacity (Murphy et al., 1943), and (Welch et
aley 1943)s
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Sodium bicarbonate adninistered by mouth in sufficient
amounts to increase the urinary pil from 6.5 to 7.5 increased the
clearance of sulfamerazine two or three fold (Peters, Beyer, and
Patch, 1944). This was likely due for the most part to increased
electrolyte excretion rather than to pH change. Beyer et al., (1944)
renorted thot the administration of sodium bicarbonate increased
the urinary pi but it also increased the clearance valiue of sulfa-
merazine by interfering with its reabsorption. As the plasma level
of the compound was increased, and more of the drugz was filtered by
the renal glomeruli, there was an increase in the amount of the
sulfonariide that was reabsorbed through the renal tubules; there-
fore the ratio between plasma concentration and the amount excreted
per unit of time remained fairly constant. Earle (1944) found an
observable decrease in the reabsorption of sulfamerazine following
the adninistration of sodium bicarbonate, Peters et al., (1944)
reported that the clearance of sulfamerazine rerained fairly const-
ant when the plasma level was increased from 3.4 to 13.1 mg. percent
indicating that meximum tubular reabsorption of the comvound was not
exceeded. Assuming complete glomerular filtration of unbound sulfa-
merazine, normally about &0 percent of the filtered coupound is re-
absorbed by the renal tubules of the dog. Similar results were re-
ported in man by Reinhold et al., (1943). Earle (1944) calculated
that in man 63 percent of the sulfamerazine is bound at a plasma
concentration of 10 nz. percent, There is a more extensive binding
of sulfamerazine in human than in doz plasma, and the renal clear-
ance of sulfamerazine in man is considerably lower than in the do3z.
Davis (1943) has reportsd that essentially all the binding of sulfon-

anides is on the albumin fraction of plasma. Ecyer et al., (1946)



found that the bindinzg of these same agents varies from one snecies
to another.

ielch and his co=workers (1943) found that Sulfamera-
zine and its acetyl derivatives were approximately 20 percent more
soluble than the respective forms of sulfadiazine in both water and
urine,

Sulfamerazine blood plasma concentrations have been
studied in dogs, cats, horses, cattle, sheep, swine, foxes, mink,
poultry and men. Velsh and his associates (1946) have denonstra-
ted that, followinz the administration of a single oral dose of
sulfamerazine (; grain per pound, or 71.5 mz. per lsilogram of body
weizght), it is possible to obtain and maintain higher blood concen-
trations in the doz than with sulfanilamide, sulfapyridine, sulfa-
thiazole, sulfadiazine, sulfamethazine, or sulfazuanidine. Sulfa-
merazine also gave effective blood levels in cats but did not pro-
duce adequate blood concentrations in horses, cattle, sheep or
swine. They concluded than an adequate dosaze for animals is a
maintenance blood level above 5 mg. percent, and preferably above
8 ng. percent twenty-four hours a day. Inadequate levels and fluc-
tuating blood levels are responsible for the development of drug-
fast strains of bacteria., The blood plasma level studies of Welsh
et als, (1946) using # grain (71.5 m3. per kilogram) per pound of
pody weight are comparable to the data reported herein,

A similar study was mads by Scheidy and Tillson (1947)
comparing the blood concentrations of sulfadiazine, sulfarerazine,

and sulfamethazine in cattle. Theraneutic blood levels of sulfamera-

zine were maintained for twenty-four hours by a single oral dose of



1 grain per pound of body weight. Intravenously, using % grain per
pound of body weight in cattle, similar results were obtained to
those showm in Table XIIIT.

In a nore recent study on blood concentrations follow-
ing the administration of sulfamerazine and sulfamethazine to cattle,
Scheidy et al., (1949) found that only a very snall percentage of the
absorbed drug is acetylated by cattle. A combination of these two
drugs caused no apparent serious toxic reactions so far as could be
devermined, and the values for creatinine, non-»rotein nitrogen,
icterus index, hemoglobin and averasze blood values anpeared to be
within the normal range during each nhase.

Welsh et al., (1948) in studies of sulfonamide blood
concentrations in foxes found very low concentrations of sulfamera-
zine when +; grain ver pound was administered in a single dose per os.
Sinilar studies were made by Langer et al., (1948) in mink. Much
higher blood concentrations were found, in fact, - grain per pound
in a single dose per o3 gave a therapeutic blood level for eight
hours and compared favorably with sulfamethazine and sulfadiazine,

Sulfamerazine blood levels in voultry have been studied
by Thorp et al., (1947), Gordeuk and Learned (1948) Kiser et al.,
(1948), lattis et al., (1946), Severens et al., (1945), Bottorff and
Kiser (1947), Anderson et al., (1947), Alberts and Graham (1948),
and others. Thorp et al., (1947) observed that sodium sulfamerazine
administered in a concentration of 0.2 percent in water for five days
resulted in an average blood concentration of 13.68 mg. of free sulfa-
merazine'per 100 ml. When 1,0 percent sulfamerazine was fed in the

mash, an average blood level of 27,03 mg. ot tree drug per 100 ml.



of blood resulted. Comparable results were obtained with 0,25 per=-
cent concentration of sulfamerazine in the mash. An average of 8.26
ng. of free drug per 100 ml. of blood was obtained during a five-day
treatment. Gordeuk and Learned (1948) and Kiser et al., (1948) re-
ported similar results in chickens and turkey poults. Alberts and
Graham (1948) obtained blood sulfonamide concentrations of 1644 mge
percent within three hours after the fourth oral dose of sodium sulfa-
merazine (12 hour intervals, 0.5 grains per pound) was adninistered to
turkeys. Using 0.2 percent sodium sulfamerazine in chickens, Anderson
et al., (1947) obtained blood concentrations of 16 mg. percent.

Mattis et al., (1946) obtained the same blood concentration when the
dosaze of sulfamerazine in the feed was increased to 0.5 percent.
Blood concentrations of 30 mg. percent or higher were obtained by
Severens et al., (1945) with 0.5 to 2,0 percent sulfamerazine. Bottorff
and Kiser (1947) reported blood concentrations ranging between 12 and
31 mzg. percent when 0,5 to 0.75 percent were administered.

Extensive work has been done in humans with the various
sulfonamides., Gilligan (1943) in his studies on the plasma binding
properties of sulfadiazine, sulfamerazine, and sulfamethazine in man
found that plasma levels of sulfamerazine were considerably higher
than for sulfadiazine suggesting that this drug is bound in the plasma
to a greater extent. As the plasma concentration decreased, the per-
cent of binding of the drug increased. In vitro dialysis studies
show sulfamerazine to be bound in the plasma to a greater extent than
sulfadiazine. The binding of the drug in the plasma in vivo was essen-
tially the same as was found in the in vitro studies. Sieber and

Clark (1945) stated that plasma binding alone cannot account for pro-
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longed blood levels of sulfonamides, Other factors wiiich deterrine

the nmagnitude and maintenance of blood levels are: 1) solubility in
and absorption from the intestinal tract; 2) presence or absence of
food; 3) the emptying time of the gastro-intestinal tract; 4) ex-

cretion into the intestinal tract; and 5) urinary and fecal excre-

tion.

Welch and his associates (1944) found that when an
initial 2 gram dose of sulfamerazine, followed by daily maintenance
doses of 1 gram was administered, the average daily concentration of
free sulfamerazine in the blood of 8 normel men decreased from about
6.5 mz. to 3.5 mg. percent, Fageman et al., (1943) gave an initial
dose of 4 grams by mouth and a naintenance dose of 1 gram every &
hours and obtained blood nlasma levels of 20 mg. percent at two hours
which decreased to 14 mg. percent in five hours,

Murphy and his co-workers (1943) reported that when
. sulfanerazine was administered rectally in aqueous suspension by re-
tention enema, at no time was more than a trace of the drug found in
the blood.,

Renal elimination and toxicity are the two primary
concerns in sulfonamide therapy. Irmportant toxic manifestations are
granulocytopenia, herolytic anemia, and kidney concrenents (Green,
194/). The low toxricity of sulfamerazine has nace it the drug of
choice in the treatment of systemic bacterial infections. The lower
concentration in the urine and the fact that both the drus; itself and
its acetyl derivative were more soluble in neutral and acid urine
than the corresponding forms of the older sulfonamides,lessen the

possibility of renal obstruction (Welch et al., 1943). Welch and
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his associates also reported that the toxicity apparently was about
the same for sulfamerazine and sulfadiazine whon a comparison was
made on the basis of the concentration of the comnounds in the blood.

Schmidt et al., (1944) compared the toxicity of sulfa-
merazine, sulfamethazine and sulfadiazine. Insofar as acute and/or
chronic toxicity are concerned there appezred to be little difference
between the three comnounds. However, both sulfamerazine and sulfa-
nethazine seem to be more desirable than sulfadiazine as far as solu-
bility and renal toxicity are concerned.

Studies by Lehr (1945) and Frisk et al., (1947) with
various sulfonamide comnounds have shown thut there is a reduced
chance of renal toxicity in small experimentol animels and in humans
when rixtures of sulfonamides, ratier than one or the other of the
components, ars given.

Mattis et al., (1946) coﬁducted toxicity studies with
young chiclens and administersd 0.5 and 1.0 percent sulfarerazine
in dry mach for 14 saccessive days. This dosage of the compound pro-
duced no evidence of toxicity in the chicliens. Averaze concentrations
of free sialfarerazine in the blood of the trzated chiiclens were re-
snsctively 14.7 and 22,1 m3. nercent when the driz vas fed in these
concentrations, Tarr and Jaquette (1947) reported toxicity in ehicl-
ens with sulfamerazine in the nash at leovels higher than 0.25 percent
or in 0.5 graw daily doses adizinistered In carzsules for a week,

They observed a retarding of welzht gain which they felt was due
both to the unpalatability and to the toiic effects of the drug.
Hall and 3pink (1943) reported a low incidence of to:ic-

ity in 115 hunan cases. Lewropenia with or without granulocytopenia



occurred in zhoult one percent of the cases. Similar results were
reported by Green (1944), and Clark and his associates (1943).
¥racke (1947) stated that the sulfonanide drugs, in addition to
causing leuopenia, mays produce a nmaried degree of neutrophilic
leukocytosis,

Schmidt et al., (194%) conducted to:dcity tests on
nice and found that animals receiving lethal doses of suilfarerazine
died within 18 to 36 hours after treatment. When 5 grams per kilo-
gram of body weizht was adnministered by mouth a blood concentration
of 148 mg. percent was obtained. This killed 93 percent of the nice.
When a 2 gram per kilojram dose was adninistered subcutaneously, a
blood concentration of 104 m3. percent was obtained which produced a
90 nercent mortality., When the same dosaze was administered intra-
peritoneally, a blood concentration of 161 mg. percent was obtained
which was 95 percent fatal., They found the toxicity of sulfamerazine
for the urinary tract to be evident when blood levels exceeded 40 mg.
percent, In animals with suach blood levels, ureters, bladders and
Iridney pelvis frequently contained sulfamerazine concretions conposed
of both free and conjuzated drug. The incidence of these deposits
rose progressively with the blood levels of the drmz. Sulfanerazine
secned to have somevhat less urinary tract toideity in the dog than
in the rat (Schmidt et al., 1944).

Eads (1949) rernorted taat sulfanerazine may be adain-
istered safely to dozs and cats in daily dosajes of 1 zrain per pound
of body weight in divided doses. In this clinical study no visible
untoward effects were noticed after 7 to 11 successive days of treat-

ment.
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Ledkopenia followingz the adrinistration of sulfarera-
zine occurs in man but not in eiperinental animals (Litchfield,
1948). Data renorted herein show that a ﬁarked leukonenia develoned
upon the administration of large doses of sulfamerazine to normal
healthy dozs. Clark et al., (1943) observed leikopenia in man with
sulfanerazine therapy. They reporved no cases of acute hemolytic
anemia or azranulocytosis. Jemnings et al., (1937) reported a few
cases of azranulocytosis, all with fatal {termination., Ilo agranulo-
cytosis or granilopenia occurred even when a lewtopenia developed
during salfonamide therapy (Bizler et al., 1938). The action appeared
to be independent of the leukocytes in that it did not produce en in-
crease in total leukocytes or in the pronortion of neuirophiles,

According to Denny and lienten (1946), blood dyscrasias
are among the less frequently observed pathologic changes produced by
the sulfonamides which include hemolytic anemia, aplastic aneria, and
asranulocytopenia. Aplastic anemia was rare in both children and adults
but hemolytic anemia was seen rather frequently. Favorite, Reiner and
London (1944) reported a case of leukopenia in man due to sulfamera-
zine when 42 grams was administered during a 23 day period. No changes
in the red cell count or hemoglobin content were noticed but a marked
1;mphocytosis (93 percent) and neutropenia (7 percent) was observed.
Menten and Graff (1946) conducted a survey of the hemozlobin and red
cell counts of children whose blood exhibited granulocytonenia and
found that they did not usually reveal an accompanrying anemia., The
percentaze of neutropenias developing from sulfonamides in their stud-

ies was about 20 percent of all patients receiving the drug.

lalkamus and Ovperman (1944) renrorted the normal ranjes
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of blood constituents in the do; as follows: eryturocyles 5.5 to 8
nillion per cu, im., leukocytes 9 to 10 thousand per cu, mm,., and
the leuwzocyte differential count was 60 to CO percent neutrophiles,
2 to 4 percent eosinophiles, O to 0.5 percent basorhiles, 13 to 32
percent lymphocytes, and 3 to 5 percent monocitecz.

The normal ranzes of the canine blood conziituents
reported by Coffin (1945) are az follows: erythocytes 5.5 to €.Q
nillions per cu. rm., lew:ocytes 5 to 20 thousand per cu. rri., heno=-
5lobin 12,5 to 17,3 grass per 100 ml,, neuatrophiles 3.6 to 15 thous-
and per cu, Im,, eosinophiles 0,1 to 2 thousaend per cu, rm., baso-
rhiles 0 to 0.4 thousand per cu. rm., lymphocytes 0.0 to 6 thousand
per cu. rn., nonocyies 0.1 to 2.4 thousand cu. rr,

DodZie (19406) renmorted the following as normel ranges
in dozs: erythrocytes 5.1 to 7.6 rmillion per cu. 1., lew:ocy-es 8
to 1440 thousand per cu. rme., hemojlobin 11,2 to 14,3 srans ner 100
ml., and the leukocyte differcontial count waz 0 to 4 percent eosino-
nphilec, 67 to {1 percent neutrophiles, 14.0 to 2744 percent lymipho-

cytes, 1 to 7 percznt monocyies.
v ) BS J
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Sctimation of Sulfamerazine in ths Circalatory System.

The method employed by Hoffman (1941) was used. The concentration

of free sulfamerazine in the blood was determined by the method of
Bratton and Marshall (1939). The technique was as follows: Collect
two or three drops of blood from the radial vein in a small tube con-
taining a crystal or two of notassium oxalate. Transfe? 0.1 ml. of
this to a small test tube containing exactly 5 ml. of distilled water.
The pipette should be washed out by sucking up the water and blowing
it out several times. Add 1.0 ml. of 15 percent trichloroacetic acid.
Mix thoroughly with the pipette, and again wash the pipette by suck-
ing up the fluid and blowing it back. Centifuge the sample until
the precipitate is completely semarated from the filtrate., Transfer
4 ml. of the filtrate into a 10 ml, graduated tube; add 0.5 ml. of
0.1 percent sodium nitrite and mix. After 3 minutes, add 0.5 ml. of
azmonium sulfamate. After 1 minute, add 0.5 ml. of ¥ (l-naphthyl)
ethylenediamine dihydrochloride. Let the color develop for at least
1 minute, dilute to 8 ml., mix, and compare readings in the Cenco-
Sheard-Sanford Photelometer using the green filter with a standard
stock solution of sulfamerazine. Preparation of this stock solut-
ion is as follows; Weigh out accurately 100 mg. of pure sulfamera-

zine¥ and transfer to a liter volumetric flask with a little distilled

water., Add a few drops of 10 percent sodium hydroxide to hasten

# Sharp and Dohme Sulfamerazine Chemical Reazent (Powder).
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the solution of the comparatively insoluble powder, dilute with
distilled water to the 1000 ml. mark and shake until all the sulfa-
merazine is dissolved.

Calculation is made by reference to a calibration
curve obtained by analysis of the stock solution. This calibration
curve is determined as follows: Transfer 2,0, 1.5, 1.0, 0.5, and O
ml, respectively of this stock solution to 50 ml. volumetric flasks.
To each of these add 9 ml. of 15 percent trichloroacetic acid. lake
up each solution to 50 ml, with distilled water, and mix thoroughly.
These solutions represent 1 to 40 filtrates of blood specimens con-
taining respectively 16, 12, 8, 4, and O mg. per 100 ml. Analyze
10 ml. of each of these solutions exactly as above for blood filtra-
tes, making up finally to 20 ml., and read in the Photelometer,
using the green filter. Plot the values on semi-logarithmic paper.
They fall in a straight line in the lower concentrations but may
have a slight tendency to form a convex curve in the region of 16 mg.
ﬁer 100 ml.,

Determination of Hemoglobin. The Photelometer was

used in determining hemoglobin (Sanford et al., 1933). Preparation
of the sample of blood was as follows: Twenty ml. of the diluting
fluid (0.1 percent solution of sodium carbonate in water) was meas-
ured accurately into a suitable container such as 50 ml. Erlemnmeyer
flask. To this was added 0.l ml. of blood. The mixture was thor-
oughly shaken and then transferred to the absorption cells and

checked in the Photelometer, using the green filter. This reading
was then obtained in grams of hemoglobin per 100 ml. of blood from

a calculated table,
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Leukocyte and Erythrocyte Enumeration. Leukocyte

and erythrocyte counts were made within 24 hours after bleeding
using Thoma diluting pipettes and Eright-Line Improved lieubauer
Counting Chambers (Coffin, 1945). Two percent oxzalic acid (Jones,
1927) was used as the diluting fluid for counting leukocytes, while
Leake and Guy diluting fluid (Todd, 1943) was used for counting

erythrocytes.

Differential Leukocyte Counts. Blood smears were pre-

pared within one hour after bleeding by the two-slide method using
oxalated blood and stained with Wright's stain (Todd, 19.3) immedi-
ately following drying.

The dogs used in this study were obtained from a city
dog pound. All dozs were hospitalized for several months prior to
use. HNone of the dogs developed distemper or any other contagious
disease throughout the course of study. The ages ranged from app-
roximately fifteen months to five years. The animals were fed once
each day; the ration consisted of one part of cooked meat scraps
and two parts of commercial cersal dog food. This was fed at approx-
imately three p.m. each day, Water was kept before the dozs at all
times, Sulfamerazine administration and the drawing of blood samples
were always begun in the morning, and blood samples were collected
at regular intervals until that phase of the experiment was concluded.
All of the animals gained weight steadily during the entire course of
study.

The anti-coagulant used in collecting blood samples

was 2 percent potassium oxalate*; one-half ml., of this preparation

¥ 1 Gm., of potassium oxalate was placed in 50 ml. of distilled water.
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was placed in each bleeding vial and placed in a paraffin oven
until dried. Each vial therefore contained 10 mg. of potassium
oxalate which is enough oxalate to prevent the clotting of 5 ml.
of blood.
The types of sulfamerazine products and routes of ad-
ministration used in this experiment were: 1) in tablet form, 2)
in powder form, 3) in an emulsion, 4) intravenously, and 5) subcut-
aneously. Each type of product was administered at the rate of %
grain (71.5 mg. per kilogram), 1 grain (143 mg. per kilogram), and
1} grains (214.5 mg. per kilogram) of sulfamerazine per pound of body
weight respectively. Further blood plasma concentratlions were also
determined when sulfamerazine was administered once, twice and three
times daily for a three day period as conmpared to a 24 hour periode.
The first objective in this study was to compare sulfa-
merazine blood plasma levels following the single oral administration
of &+ grain (71.5 mg. per kilogram), 1 grain (143 mg. per kilogram),
and 1j grains (214.5 mg. per kilogram) per pound of body weight.
Dogs nuribered 101, 102, 103, 104, and 105 were used. Tables IX
through XIII. In this series of trials dogs were weighed immediately
prior to administering the drug in tablet form. One hour following
the administration of sulfamerazine, the first blood sample (approx-
imately 1 ml,) was drawn from the right radial vein, Blood samples
were then taken at 4 hour intervals for the next twelve hours fol-
lowed by another at twenty-four hours. Beginning with the first
sample drawn, blood was taken at specified intervals and checked for
red and white cell counts, hemoglobin content, and leukocyte differ-

ential counts, to determine if sulfamerazine had any effect on alter-
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ing these in the normal healthy animal, Similar series of trials
were conducted on dogs numbered 115, 116, and 117 (Tables XIV through
XVI) using the powdered sulfamerazine given by mouth in capsules,
and on dogs numbered 118, 119, and 120 (Tables XVII through XIX)
using an emulsion measured in a 10 ml. syringe and deposited in the
mouth to assure proper dosage. In these trials, blood samples, red
and white cell counts, hemoglobin determinations and leukocyte dif-
ferential counts were studied and compared with the results when the
tablet form of the drug was used.

In the next series of trials a sterile aqueous solut-
ion containing 6 percent sulfamerazine was used on dogs numbered 121,
122, and 123 (Tables XX through XXII). Subcutaneous injections
were made in the nuchal region approximately on the midline. This
location was chosen as it is readily accessible and caused the least
discomfort to the animal., A 20 gauge needle was used. Following
the subcutaneous injections blood samples were drawn one hour follow-
ing the injection, and then at 3 hours, 5 hours, 8 hours, 12 hours,
2L, 36, and 48 hours. In this series of studies samples were taken
at the beginning and at twenty-four hours of each individual trial
to determine the effects of sulfamerazine on the blood picture when
given by this route.

Intravenous injections were made in the right radial
veins of dogs numbered 12/, 125, and 126 (Tables XXIII through XXV)
using a 20 gauge needle. The first blood sample was drawn immediately
following injection before the needle was removed from the vein,

using a clean syringe to draw the blood sample. Another blood sample

was drawn one hour éfter injection and thereafter at two-hour inter-



/

-10=~

vals for eight hours, then at 12, 24, 36, and 48 hours. As with
the other routes of administration, the blood picture was deter-
mined at specific intervals,

Subsequent trials were conducted on dogs numbered
106, 109, 112, 107, 110, 113, 108, 111, and 114 (Tables XXVI
through XXXIV) when sulfamerazine was administered in tablet form
by mouth once, twice, and three times daily for a three day period.

The results of Tables IX through XXXIV are surmarized

in Tables I through VIII.
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zinc blood plasia level curves followins the oral zd-inisiration o

sullorerasine uith tlie »lacma laovels obiained follovin: boihil intra-
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venous and subcutancous injection.
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With a single oral adndnigiration of cullwrerazine
hect blood plasna concertration waz obiaineld in
four hours. Vaen o grain (71.5 e por iilojran) por round of body
weisht vac cdiinistered a corncentration of 3.4 :ij. porcent vas found,
This conesntratlion was raintained for Uwo houwrs followred by a Jraducl
£all so that 2,0 n5. pereont vas ctill prosent at twenty=Tour hours.,
~

Uith 1 _rain (L42.5 niz. per ilogran) per pound ol boly wslilis, a

- ’

blood plaszia comcontration of G645 mj. percont uas oblained at . hours,

with 5.1 mge ztill present at © Lovrc; at tucaty-Tour hours the con-
centration of 3,2 3. porcont, Decauce of thils remaining blood rlacia

cencentration, a foriy-eisiit hour smple was drawn vhich contained

0.2 mge percent, Using 1) -maias (21405 mg. per milosran) per po.nd

of body weizht a concentration of Suo4 1. vercsont vas obtzlned abt four
hoars, with 5,5 mz. poer 100 nl. at tuelve hoars and 5,9 mge still ores-

~

ent at tuonty-four hoirs, Conparable resulis were ovialined ucing

sulfa erusine in powder forr: as well as an cnt
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e blood plasma levels cobualned alior sudCULNCOLS
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wWsiravion ol the gollwisrasine compar:d very closely with uwis
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intravenous injection both in rezard to the highest concaentration
obtained with each dosage and to the ranid drop in concentration
from this point to the forty-eight hour readinzs. The highest con-
centration of sulfamerazine, when ziven by this route, required
approximately three hours after which time it was rapidly eliminated
from the circulatory system, The 24 hour samples contained 0.2, 8,0,
and 10,5 mg. percent of free sulfarerazine respectively when %, 1,
and 1 grains per pound of body weight of the druz were injected.
The 36 hour samples had 2.4 and 8.7 mg. percent while the 48 hour
samples yielded blood plasma readings of 1,0 and 5.8 mg. percent,
respectively, of sulfamerazine when 1 and 1} grains per pound was the

dose.

INTRAVIIIQUS  ADITINTSTRATION

————

Since the sulfamerazine was introduced directly into
the circulatory system when given intravenously it was found almost
irmediately at the concentration of 13.0 mg. percent with & grain per
pound of body weight, 21.3 mg. percent with 1 grain per pound of
body weight and 37.1 mg. percent with 1} grains per pound of body
weight when injected in a single dose. The concentrations fell quite
rapidly so that at twenty-four hours blood plasma levels of l.4, 4e4,
and 10.5 mz. percent respectively were obtained. Since rather high
blood levels were still present at twenty-four hours when 1 grain
and 1} grains per pound of body weight were used, samples were drawn
at thirty-six and forty-eizht hours. At thirty-six hours the blood
plasma concentration using 1 grain per pound was 3,7 m3. percent

while 7.7 mg. were obtained using 1 grains per pound of body weight.



-2/=

At forty-cight hours the concentration had dropned to 1.4 m3.
percent with 1 grain per pound and 5.0 mz. percent with 1} grains

per pound of body weight.



DISCUSSIOH

Graph 1 presents the averaze sulfamerazine blood
plasma level curves following a single oral administration of +,

1, and 1 grains per pound of body weizht in tablet form. When
these curves obtained on canines were compared with curves on

human sulfamerazine blood plasma levels (Welch et al., 1944) ad-
ministered in single daily doses, they were found to be quite simil-
ar. Comparable results were also obtained by Welsh et al., (1946)
vhen they used + grain of sulfanerazine per pound of body weight in
a single dose per os. In minx slightly higher concentrations were
found usinz a single oral adninistration of 3 grain of sulfamerazine
per pound of body weight (Langer et al., 1948), while in foxes the
concentrations were slightly lower (Welsh et al., 1948). The aver-
age plasma concentration of free sulfamerazine in cattle following
a single oral dose of approximately 1 grain per pound of body weight
was found to be lower than those found in the dog (Scheidy and Till-
son, 1947).

The data of Graphs 2 and 3 preaend results obtained
when similer doses of powdered sulfamerazine and an emulsion of
sulfamerazine were used,

Graph /4 shows the average blood plasma level curves
following the single intravenous administration of a 6 percent
aqueous solution of sodium sulfamerazine when %, 1, and 1} grains
per pound of body weight of sulfamerazine were injected, Graph 5
presents the averaze blood plasma level curves when a 6 percent

aqueous solution of sodium sulfamerazine was injected subcutaneously
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in dosages of ¥, 1, and 1} grains per pound of body weight. When
the sulfamerazine blood plasma curve on canines was compared with
the curve obtained with cattle (Scheidy and Tillson, 1947) follow-
ing the single oral administration of - grain per pound of body
weight, they were found to be considerably lower than those found
in cattle.

From a clinical standpoint the primary interest was
1) to determine the route which was the most convenient for adminis-
tration, 2) to determine the route or routes which were equally
effective or advantageous in maintaining therapeutic sulfamerazine
blood plasma levels, and 3) the frequency of administration necess-
ary to maintain therapeutic plasma levels with sulfamerazine.

After analyzing the results of the three routes of
administration, the oral route seemed to more nearly meet the clin-
ical qualifications required. The intravenous route was temporarily
discarded because of occasional difficulty in administration (object-
ion by dog) but primarily because of the large volume of 6 percent
sulfamerazine solution that must be given to maintain sustained blood
plasna levels. This latter objection is also encountered in the sub-

cutaneous use of the 6 percent solution.

SULFAITIRAZING ADITNISTONID STVIRAT TLES POR DAY

The next series of experiments were designed to deter-
mine the sulfamerazine blood plasma levels when the drug was admin-
istered by mouth once daily, twice daily, and three times daily for a
three day period using %, 1, and 1} grains per pound of body weight,

respectively. Studies on the blood picture were continued.



In the secries of eiperirenis where the drug wos ad-

ninistered once daily for tiree days the followin; do s were used:

- grain per pound of bedy weisht - 106

~

1 grain per pound of body weijht - 109

A > 4 lal .
1.; grain per pound of bedy weight - 112

- —ot
Tables V1, IZIVI, ZIVII, and IIZIVIII.

-

Yinen adninistered twice dally for U

ing dogs were used

rein per pound of body weight - 107

v,

1 grein per round of boldy weight - 110

1- zrain per pound of body weizht - 113
Tables VII, LIIN, I, and LI,

Vhien adninistered thrce tines daily for tires doys the
follouinz doss were uscd:

1 . ~ .
+  grain per pound of body weight - 100

1l rain per nowmnd of bedy weisht - 111

11

grain per poudd of body weisht
—— —_—

Tables VIII, XLIIT, TZIITII, and TIIIV.

Graph 6 shous the averzze suilfzcrazine blood plasna

level curves for the three dosagjes wien edinistered oncz daily for

three days.  Craph 7 shows the same for twice deily for tares dojs

ard Grash & shows the blood rlacra level curves vwien sullwi.erazine

was alninistersd three iinmes doily for three days.

The sulfaerazine blood plasna level curves were found
y

to be guite resular., The heizht and naintenance of the sillanerazine

conccnirations were also found to be dircctly »rozortional to thwe

w
o
£
!
o]
] Jeo
1)
ci-
@]
H

Q
[
[ ]

iree dzys the follow-

Woeen sulfanerczine wos adw’nistered orally once



deily for three doys it was obzerved that a slizht incercoce in the
blood plasma level occurred on each cucceeding aduinistration since
normzlly about OO0 perecent of the filtered commowund is resorbed by

5

the renal tubiles of the normal doj; (Peters et al., 1944).
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The highaest concentration found on the sccond dey of administiration

. . ) IR Al .
varied slizhitly denpending on the doscoje used,  Vith o jrain ner

<

pound of body weijat, the hizhest concentration was obsorved four

hours followving the second daily doscze when /4.5 1. nercent was

o . - I
found, Uith 1 srain ner nround, a blood plasna level of 0.4 . per-
eont was obitalned at this sare btleodin; and ithis nlazna level wuas

naintained for enother four o :rs before a decrecase in conconiration
vas found whils with 1. srains per poumd ithe nlasna level continued to
rice wnoil cisht hoursz followir; the second dally atviniztration wien

a concenvration of 9.0 rg. percent was found., Follouing the third

- .

daily adninistration, a concentratvion of 4.9 mi. percent was foundé in

~ L

< ] . ~ - - o ~
four hours with ; grain sullarerasine per poand of body weisnht alter

L)

which time the placma level jradually dropned wntil 2,5 ng. percent

L

was present scventy=-tvo hours after the in’tial dose had been Ziven.

Uith 1 grain per pound of boldy weishlt a concentration of 8,1 nj. was
ootained four nours after the third dally dosaze had been administercd.

This plagsma level dronpzd slovwly so that 640 mie poreont was still prec-
ent seventy-tuo hours following the initial dose. Using 1. sroing per
pound of body weizht 2 level of 9,/ n_. porcent was obbtained four hours
alter the third daily dose This level was rainvainel for another

four hours after vhich tine there was a gradual drop with a blood plas:

level of G435 133. percent ctill present ceventy=two hours alter the in-

-

itial doc2. These data show that to annrozch a conceniration of 5,0 .

percant, and preferably szbove C ng. sercent twenyy-louwr hours a2 dzy,

wiiich i3 concidored the therapeutic blood plasma lewel (Velsh et 2l.,
' 2 1 1 - - - T~ R - BTN ~
1946) 1; zrains of sulfoerasine per poand of body weizht was necess-

ary wacn adm’nistered in a single daily dose per os.
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When sulfamerazine was adiinistered by mouth twice
daily (9 A.M. and 5 P.l{.) for three days the following results were
found: The blood plasma concentration made steady increases with
both 1 and 1} grains per pound but 4 grain per pound gave an irregu-
lar although constantly increasing plasma curve, As one would expect,
the highest concentrabion obtained was found at sixty hours or four
hours after the last dosage had been administered, With % grain per
pound of body weight a concentration of 4.5 mg. percent was found in
four hours while concentrations of 4.9 and 8.9 mg. percent were found
with 1 and 1} grains per pound of body weight respectively. Eight
hours after administration the blood concentration with % grain per
pound hed dropped slizhtly to 3.2 mg. percent while the concentrations
with 1 and 1} grains per pound was 7.2 and 10.9 mg. percent. At this
point a second dose was administered causing another increase in blood
plasma levels so that in another four hours the concentrations for 3,
1, and 1} grains per pound of body weight were 11.8, 12.8, and 17.1
mg. percent, respectively., Twelve hours elapsed before another bleed-
ing was made., At this time the blood concentrations were 8.0, 12.8,
and 17.9 mz. percent using 3, 1, and 1} grains per pound. Another
dose of sulfamerazine was given immediately. Four hours later (at
28 hours) the blood concentration had reacned 12.5, 1d.4, and 24.4
m3. percent, At thirty-two hours blood plasma levels 1l.4, 23.5,
and 26.5 were obtained. The second dosage for that twenty-four
hour period was administered. At thirty-six hours blood concentra-
tions of 16.4, 27.8, and 36.7 mg. percent were found; and at forty-
eight hours blood plasma levels of 13.8, 25.0, and 3.3 mz. percent

were observed. Another dose of sulfamerazine was administered at
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this point, Again a slight increase in blood plasma levels were
noticed. With & grain per pound the plasma level was 15.2 mz7., with
1 grain ver pound 27,9 mg., while with 1} zrains ver pound 36.0 mz.
percent was obtained. In another four hours (at 56 hours) the con-
centrations were 15,0, 27.2, and 35.3 mg. percent respectively. The
second dose for that day was ziven each dog immediately after bleed-
ing. At sixty hours blood concentrations of 18.2, 32.1, and 39.8 mg.
percent were found. This represented the highest concentration
obtainable with two administrations of sulfamerazine daily. The
following morning, at seventy-two hours, the blood plasma levels had
dropped to 12,5, 29.9, and 35,5 mg. percent. The data reported herein
show that therapeutic blood plasma level curves may be obtained with
the adninistration of % grain of sulfamerazine per pound of body weight
twice daily to normal dogs.

When sulfamerazine was administered by mouth three
times a day (9 A.lL., 1 P.i..,, and 5 P,M.) for three days, that is, 17,
3, and /i; total grains per pound of body weight daily, the following
results were found: With the exception of the administration of -
grain of sulfamerazine »er pound of body weight, there was a very
steady and incrcasing blood plasma concentration. Uhen -y grain per
pound was administered there was an irregular although increasing
plasma level curve. Azain it was observed that the hizhest blood
plasma concentration was found at sixty hours after the initial dose
had been ziven., Four hours after administration concentrations of
3.0, 5.0, and 8.4 m3. percent were found when sulfamerazine had been
given in dosages of 4, 1, and 1} crains per pound respectively. Sulfa-

merazine was again administered in the same dosazes. In another four
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hours blood plasme levels of 0.3, 6.8, and 10.5 mz. percent were found,
Again silfamerazine was adninistered. At twelve hours blood plasna
levels of 1l.4, l4.1, and 17.3 17, percent respectively were observed.
Ijo more sulfamerzzine was adiinistered until the next morning. Blood
samples prior to another dosaze of sulfamerazine zave blood »nlasna
levels of 0.1, 14.1, and 22.4 ng. percent, As shown by these figures,
the blood concentration when 7 ;rain of sulfamerazine per pound of body
weisht was adiiinisterad was elininated rather rapidly, With 1 grain

a

- N . . 1 .
»er nound the concoentration rerained the same but vhen 1. zrains per

3

pound werz jiven, the blood nlasma lavel continued to incrzase. These
reslis are comparable to those obuiained when sulfancrazine was ad-
ninistered twice daily in the sane dosages. The first dose of the
second day was ziven, In four hours or uwwenty-eizht hours after the
initial dose had been jiven the blood plasma concentrations respect-
ively were 12,5, 21.2, and 24.0 mg. percent, another dose of sulfa-
rerazine was adninistered orally. At 32 hours, blood nlagsma levels
were 11.9, 27.7, and 32.0 rig. percent when <, 1, and 1. srains per
pound respectively were adninistered. Azain each dog was redosad.
At 306 hours blood »nlasnma levels of 12.4, 32.0, and 38.5 nz. percent
were found. I'o more sulfomerazine was adninisvered and no blood
samples were drawn until the next morning when the blood contained
10.0, 29.0, and 306.2 ng. percent of sulfamerazine. This represented
a slizht drop in the blood concentration of the druz overnizht. The
dogs were redosed immediately after this forty-cignht hour bleeding.
At 52 hours the blood nlasma level had agzin started to rise. At

this time the blood concentrations obtained were 18.0, 34.%, and 38.5

nze. percent respectively. The do_s were arain redosed after the

1)
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drawing of the blood saanlas. At 55 hours with the blood nlasna
levels still rising, 156.9, 34.5, and 4J0.1 mg. percent wers observad.
I'ollowing this blecding the third dose for the day was administere
and in four hours, or sixty hours from the initial doszze, the high-
est concentrations were obtained. These blood nlasma concentrations
were 19,0, 37.1, and 42.2 mg. percent resnectively., With no nmore
s1lfamerazine administered, the blood nlasma concentration slowly
dropped so that at seventvy-two hours after the initial dosaze had
been given, plasma concentrations of 14.2, 32.1, and 40.3 mg. percent
were found, Considering 5 ng. percent as a therapeutic level, one
can readily see that it is unnecessary to administer sulfanerazine
three tines a day to maintain therapeutic blood concentrations.

The sane brand of sulfamerazine was used throughout
the course of this study, includinz the tablet form, powder forn,
milsion, and sterile powder for the preparation of intravenous and
subcutaneous solutions. All three types of sulfamerazine products
given orally zave similar blood plasma level curves., The first study,
comparing the single oral administration of 7, 1, and 1} grains per
pound, was bejun Kgrch 1, 1948 and was completed August &, 1948. The
study comparing the various dosages given either intravenously or sub-
cutaneously as well as the oral administration of the drug for a three
day period was bezun August 9, 1948 and comnleted September 3, 1943.

Blood studies were nade at specifizd intervals with
each dosaze of sulfamerazine adiiinistered.  The resulis of each trial
were further tabulated to find out if there was a trend towards lower-

ing or raising of the cellular constituents following the administra-

tion of sulfamerazine. It was found that no changes occurred in the
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red and white cell counts, heroglobin content, and differential leulto-
cyte counts when sulfamerazine was adiinistered at the rate of %, 1,
or 1} :crains per pound of body weight once daily for three days. £lood
changes did not occur even when sulfamerazine was administered by nouth
at the rate of 1) grains (214.5 mg. per kilogram) per nound of body
weight daily in three divided doscs for a three day period. Similar
results were obtained when the druz was administered at the rate of 2
grains (286 mg. per kilozram) per pound of body weizht daily in two
divided doses for a three day period. Fifty-two hours after the in-
itial dose of sulfamerazine had been administered, when given at the
rate of 3 grains (429.0 mz. per kilogram) per pound of body weight
daily in three divided doses, a leukopenia developed. The leukocytic
count dronped 39 percent at seventy-two hours. At the same time no
changzes in the hemoglobin content were found but a slight monocytosis
developed as the druz vwas continued. When 3 grains per nound of
body weight were adninistered daily in two divided doses for three
days a slight leukocytosis developed in twenty-four hours which grad-
ually decreased. A slight hemoglobinemia and neutropenia were found
at seventy-two hours. Upon increasing the dosage to 4 grains (643.5
n3. per kilogram) per pound of body weight daily in threc divided
doses, it was found that a marled leultopenia developed eight hours
after the initial dose had been given. This drop in the white cell
count continued throughout the course of administration of the drug
until, at seventy-two hours, the leukocyte count had decreased 60 per-
cent from normal. Ilemozlobin changes that occurred were significant.
Although the red cell count remained fairly constant, the hemoglobin

content decreased markedly as the dosages were continued until it had
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dropped 28 percent, (Table X7/IV). Analysis of the cellular constit-
uents showed a marked neutropenia and lymphocytosis. Vith this dos-
aze normal healthy dogzs showed anorexia which lasted several days efter
the course of adninistration of the drug.

It was interesting to observe the blood changes when
sulfamerazine was adninistered either intravenously or subcutaneously.
Both routes of injections produced a leukocytosis even when 7 grain
per pound of body weight was administered in a single injection. lo
major changes were found in the hemoglobin content or in the cellular
constituents except a very slignt hemoilobinemia of approximately 20
percent when sulfamerazine was injected intravenously in sinzle 1 and
1 grain per pound doses. Also a slight neutropenia was found when
1} srains per pound of the druz was injected intravenously.

Two hundred forty-six sulfamerazine trials were run
during the course of this experiment. In 85 of these, blood samples
were taken at specific intervals on each individual trial and checked
for red and white cell counts and hemozlobin content. Differential
leukocyte counts were made on 69 of the dogs.

The greatest difference between the initial and final
count in any one trial was 990,000 red blood cells per cu. mm., 7,250
white blood cells per cu. Im., and 5.2 grams of hemoglobin. On the
differential counts, in any one given trial, the largest difference
between initial and final counts on neutrophils was 16 cells, lympho-
ceytes 15 cells, monocytes 6 cells, basophils 4 cells, and eosinophils
5 cells.

Berkson et al., (1940) stated that followinz the usual

practice of taking twice the standard error as significant limits, the



erythrocyte comt is Coternined sizmificantly within £ 15 percent,
Similarly, for a lewlocyte count the comt is determined =
antly within £ 21 percent.

Zach trial was further tabulated to shiow the troend
touards lowering and raising of the cellular consiituents and hemo-
globin content followin; the administraotion of silfwierazine. e-
sults of this tabulation are siowm in Tavle IZLIV.

Table LIV, Llood Picture Following the Administration of Sulfanera-

zinre Compared with the Initial Zlood I'icture,

Tesv llo, of lo, shouing Trials Trials sinowing
Trials decrease showing identical
increase regsualis
e S5 53 31 1
1=C G5 33 50 2
Iler:olobin 25 53 22 10
3 Neutronhils 69 L2 23 A
5 Lymaphocytes 69 32 A 3

7 lionocytes 69 12 41 16

;5 Dasophils 69 7 33 29
;5 Bosinopnils 69 23 29 17

The results reveal a noticseable decrease in erytiiro-
cytes, hemoglobin content, and neutrophils and an increase in lew':zo-
cytes, monocytes, and basophils. In many of the trials the increase
or decrease was almost neglizible.

The greatest variation in the rod cell count obiained

n any aninal was # 450,000; in the majority tiere was very little

He
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change. There was a definite change in the white cell count. Small-
er doses gave no significant change but increased dosages of sulfamera-
zine produced a leukopenia. Hemoglobin changes were rather insig-
nificant except where larger doses were adninistered for several days
when a hemoglobinemia was produced; this varied as much as 5.2 grams
per 100 ml. of blood. IMarked changes were found in the cellular
constituents as the dosaze of sulfamerazine was increased. There

was a decrease in the percent of neutrophils, an increase in the per-
cent of lymphocytes and a slight increase in the percent of monocytes
as the dosage of the drug was increased., From these results it was
concluded that snall doses of sulfamerazine were non-toxic but when
doses of two or more grains per pound of body weight were administered,
a definite tendency towards toxicity resulted. The ranze of blood
constituents in the latter trials was not found to be within the nor-
mal variations revorted by Coffin (1945), lalkamus (1944), and Boddie
(1946). Results of this tabulation are showm in Tables XXXVI and
XXXVII.

The oral route of administration was found to be the
one of choice for ease of administration. Either the tablet form,
powder form, or the emulsion may be used with equal ease. Vith
vicious dogs where placing the hand inside the dogz's mouth is undes-
irable, the emulsion is preferred since it may be administered while
the doz is muzzled. The subcutaneous and intravenous routes of in-
jection are impractical with sodium sulfamerazine since large doses
are required and the dogs showed more objection to these routes when
given orally.

Only one dog exhibited any local or systemic reactions
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following the administration of sulfamsrazine. Anorexia and deoress—
ion resulted from the oral administration of 4 grains (643.5 mg. per
kilozram) per pound of body weight daily in three divided doses for a

three day period.
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STIARY AD  CCOICLUSICNS

The dogs exthibited the least objection to oral admin-
istration and the most objection to the intravenous route when sulfa-
merazine was injected, Sulfamerazine blood plasma levels following
oral administration were found to be slightly higher and persisted
for a longer period of time than those following the intravenous or
subcutaneous routes of administration, A concentration of 5 mg.
percent (therapeutic level) or higher was maintained for an average
of 20 hours following a single oral administration of 1 grain (143
mg. per kilogram) per pound of body weizht, and 22 hours following
1} grains (R14.5 mg. per kilogram) per pound. Therapeutic blood
levels were not obtained for a sufficiently long period of time by
a single oral dosage of % grain (71.5 mz. per kilogram) per pound
of body weight in the dog.

Therapeutic blood levels of free sulfanerazine were
maintained over a prolonged period when given either subcutaneously
or intravenously only when 1 or 1 grains per pound of body weight
(1.1 and 1.6 ml. per pound respectively) were adninistered. These
two methods of administration were more objectionable to the dog
than the oral administration.

Sulfamerazine blood plasma levels of 5 my. percent
or higher were maintained with the administration of + grain (71.5
nmg. per kilogram) per pound twice daily per os. Larger and/or
nore frequent doses produced an unnecessarily high blood concentra-

tion.

There was no significant difference between the oral
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use of sulfamerazine in the tablet form, In »nowder forny, or in an
emmlsion in the dogz as far as blood plasma levels were concerned,
Studies ol tiie blood picture indicate that the sreat-
est variation In the red cell count obtained in any aninal was &
£53,000; in the majority thore was very little change.  Increasod
dosazes of s.uilfarerazine during a three-day study produced a lowio=

+ 520y

penla in the normal healthy doge.  Intravendisly the trend vas to-
wards a lewtocytosis. IIomojzlobinenia was nroduced when sulfeoncra-
zine u2s adninistered by mouth at the rate of 4 grains (643.5 mz.
per kilosran) per pound of body weizat daily in three divided doses
for a tiirec day period. ith the larzer doses, the doys showed a

marized anore:zzia and deprescion waich lasted ceveral days after the

[}

adnirnistration of the drug.
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