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REVIIN OF LIT’ER’JI'URE

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 dosages have been published.

Sulfanerazine (2-sulfanilamido—Admethylpyrimidine) is

represented by the following structural formula.

N=CH

"N--1 CH

O H N C---CH3

Sulfamerazine

Sulfamerazine has distinct advantages over other sulfo-

namides in veterinary practice in that it is more rapidly and completely

absorbed from the gastrointestinal tract and more slowly eliminated

in the kidneys (Nelch et al., 1943), (Goodwin et al., 1942), (Murphy

et a1., 1943), (Bryan, 1946) (Francis, 1947), (Hastrack and Lewis,

1947), and (Soheidy 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'(Hurphy et a1., 1943), and (Welch et

a1., 1943).
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Sodium bicarbonate administered by mouth in sufficient

amounts to increase the urinary pH from 6.8 to 7.8 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)

reported that the administration of sodium bicarbonate increased

the urinary pH but it also increased the clearance value of sulfa-

merazine by interfering with its reabsorption. As the plasma level

of the compound was increased, and more of the drug was filtered by

the renal glomeruli, there was an increase in the amount of the

sulfonamide 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 administration of sodium bicarbonate. Peters et al., (1944)

reported that the clearance of sulfamerazine remained fairly const-

ant when the plasma level was increased from 3.4 to 13.1 mg. percent

indicating that maximum tubular reabsorption of the compound was not

exceeded. Assuming complete glomerular filtration of unbound sulfa-

merazine, normally about 80 percent of the filtered compound is re-

absorbed by the renal tubules of the dog. Similar results were re—

ported in man by Reinhold et al., (1945). Earle (1944) calculated

that in man 63 percent of the sulfamerazine is bound at a plasma

concentration of 10 mg. percent. There is a more extensive binding

of sulfamerazine in human than in dog plasma, and the renal clear-

ance of sulfamerazine in man is considerably lower than in the dog.

Davis (1943) has reported that essentially all the binding of sulfon—

amides is on the albumin fraction of plasma. Beyer et al., (1946)



found that the binding of these same agents varies from one species

to another.

Welch 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 plasm concentrations have been

studied in dogs, cats, horses, cattle, sheep, swine, foxes, mink,

poultry and man. welsh and his associates (1946) have demonstra-

ted that, following the administration of a single oral dose of

sulfamerazine (5 grain per pound, or 71.5 mg. per kilogram of body

weight), it is possible to obtain and maintain higher blood concen-

trations in the dog than with sulfanilamide, sulfapyridine, sulfa-

thiazole, sulfadiazine, sulfamethazine, or sulfaguanidine. 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 dosage for animals is a

maintenance blood level above 5 mg. percent, and preferably above

8 mg. percent twentyhfour 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 al., (1946) using-% grain (71.5 mg. per kilogram) per pound of

body weight are comparable to the data reported herein.

A similar study was made by Scheidy and Tillson (1947)

comparing the blood concentrations of sulfadiazine, sulfamerazine,

and sulfamethazine in cattle. Therapeutic blood levels of sulfamera-

zine were maintained for twenty-four hours by a single oral dose of
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1 grain per pound of body weight. Intravenously, using-g grain per

pound of body weight in cattle, similar results were obtained to

those shown in Table XXIII.

In a more recent study on blood concentrations follow-

ing the administration of sulfamerazine and sulfamethazine to cattle,

Scheidy et al., (1949) found that only a very small 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

determined, and the values for creatinine, non-protein nitrogen,

icterus index, hemoglobin and average blood values appeared to be

within the normal range during each phase.

Welsh et al., (1948) in studies of sulfonamide blood

concentrations in foxes found very low concentrations of sulfamera-

zine when-é grain per pound was administered in a single dose per 05.

Similar studies were made by Langer et al., (1948) in minx. Much

higher blood concentrations were f and, in fact,-§ grain per pound

in a single dose per 03 gave a therapeutic blood level for eight

hours and compared favorably with sulfamethazine and sulfadiazine.

Sulfamerazine blood levels in poultry have been studied

by Thorp et al., (1947), Gordeuk and Learned (1948) Kiser et al.,

(1948), Nattis 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 27.08 mg. of free drug per 100 ml.
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of blood resulted. Comparable results were obtained with 0.25 per-

cent concentration of sulfamerazine in the mash. An average of 8.26

mg. 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 16.4 mg.

percent within three hours after the fourth oral dose of sodium sulfa-

merazine (12 hour intervals, 0.5 grains per pound) was administered 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

dosage 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. IBottorff

and Kiser (1947) reported blood concentrations ranging between 12 and

31 mg. percent when 0.5 to 0.75 percent were administered.

'xtensive work has been done in humans with the various

sulfonamides. Gilligan (1943) in his studies on the plasma binding

properties of sulfadiazine, sulfamerazine, and sulfametnazine 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-

n vitro dialysis studiescent of binding of the drug increased.

 

show sulfamerazine to be bound in the plasma to a greater extent than

sulfadiazine. The binding of the drug in the plasma ip vivo was essen-

tially the same as was found in the ip vitro studies. Sieber and

Clark (1945) stated that plasma binding alone cannot account for pro-



longed blood levels of sulfonamides. Other factors which determine

the magnitude 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 normal men decreased from about

6.5 mg. to 3.5 mg. percent. Hageman et al., (1943) gave an initial

dose of 4 grams by mouth and a maintenance dose of 1 gram every 8

hours and obtained blood plasma 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

. sulfamerazine 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. Important toxic manifestations are

granulocytopenia, hemolytic anemia, and kidney concrements (Green,

1944). The low toxicity of sulfamerazine has made it the drug of

choice in the treatment of systemic bacterial infections. The lower

concentration in the urine and the fact that both the drug 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 apparent-y was about

the same for sulfamerazine and sulfadiazine when a comparison was

made on the basis of the concentration of the compounds 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 appeared to be little difference

between the three compounds. However, both sulfamerazine and sulfa-

methazine seem to be more desirable than sulfadiazine as far as solue

bility and renal toxicity are concerned.

Studies by Lehr (1945) and Friisk et al., (1947) with

various sulfonamide compounds have shown that there is a reduced

chance of renal toxicity in small ez-zperimental animals and in humans

.
tnwhen rixtures of sulfonamides, ra . 1am one or the other of the

components, are given.

Mattis et al., (1946) conducted toxicity studies with

young chickens and administered 0.5 and 1.0 percent sulfamerazine

in dry meal. for l4s1ccessive days. This dosage of the compound pro-

duced no evidence of toxicity in the chiclzoxm Average concentrations

7

|of free sulfamerasine in the blood of the treated cuic}:ens were re-

spectively 14.7 and 29.1 mg. percent when the drug was fed in these

concentrations. Farr and Jaquette (1947) reported tox;ci.ty in cl1ick—

ens with sulfamerazine in the mash at levels higher than 0.25 percent

or a week.0 L
)

L
‘3 m. L;
-

i
.
J

(
9

{
I
}

H
)

or in 0.5 gram daily doses administered in

They observed a retarding of weight gain which they felt was due

both to the unpalatability and to the toxic effects of the drug.

Hall andsMi{(1943 ) reported a low incidence of toxicc-

ity in 113 human cases. Leukopenia with or without granulocytaenia



occurred in about one percent of the cases. Similar results were

reported by Green (1944), and Clark and his associates (1943).

Kracke (1947) stated that the sulfonamide drugs, in addition to

causing leukopenia, may produce a marked degree of neutrophilic

leunocytosis.

Schmidt et al., (1944) conducted toxicity tests on

mice and found that animals receiving lethal doses of sulfamerazine

died within 18 to 36 hours after treatment. When 5 grams per kilo-

gram of body weight was administered by mouth a blood concentration

of 148 mg. percent was obtained. This killed 93 percent of the nice.

When a 2 gram per kilogram dose was administered subcutaneously, a

blood concentration of 164 m5. percent was obtained which produced a

90 percent mortality. When the same dosage 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 m5.

percent. In animals with such blood levels, ureters, bladders and

kidney pelvis frequently contained sulfamerazine concretions composed

of both free and conjugated drug. The incidence of these deposits

rose progressively with the blood levels of the drug. Sulfamerazine

seemed to have somewhat less urinary tract toxicity in the dog than

in the rat (Schmidt et al., 1944).

Beds (1949) reported that sulfamerazine may be admin-

istered safely to dogs and cats in daily dosages of 1 grain per pound

of body weight in divided doses. In this clinical study no visible

untoward effects were noticed after 7 to 11 successive d‘1s of treat-

ment.
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Leukopenia following the administration of sulfanera—

zine occurs in man but not in experimental animals (Litchfield,

1948). Data reported herein show that a marked leukopenia developed

upon the administration of large doses of sulfamerazine to normal

healthy dogs. Clark et al., (1943) observed leukopenia in man with

sulfamerazine therapy. They reported no cases of acute hemolytic

anemia or agranulocytosis. Jennings et al., (1937) reported a few

cases of agranulocytosis, all with fatal termination. ho agranulo-

cytosis or granulopenia occurred even when a leukopenia developed

during sulfonamide therapy (Bigler et al., 1938). The action appeared

to be independent of the leukocytes in that it did not produce an in-

crease in total leukocytes or in the proportion of neutrOphiles.

According to Denny and henten (1946), blood dyscrasias

are among the less frequentl1 observed pathologic changes produced by

the sulfon mides which include hemolytic anemia, aplastic anemia, and

agranulocytopenia. Aplastic anemia was rare in both children and adults

but hemolytic anemia was seen rather frequently. Favorite, Rainer 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

lymphocytosis (93 percent) and neutropenia (7 percent) was observed.

Menten and Graff (1946) conducted a survey of the hemoglobin and red

cell counts of children whose blood exhibited granulocytOpenia and

found that they did not usually reveal an accompanying anemia. The

percentage of neutropenias developing from sulfonamides in their stud-

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

Malkamus and Opperman (1944) reported the normal ranges
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of blood constituents in the do; as follows: erythrocytes 5.5 to 8

million per cu. mm., leukocytes 9 to 10 thousand per cu. mm., and

the leikocyte differez1tia1 coznt was 60 to 80 percent neutrophilcs,

2 to 4 percent eosinophiles, O to 0.5 percent basophiles, 13 to 32

percent lymphocytes, and 3 to 5 percent monocytes.

U
1The nomal ra13es of ti1e canine blood constituent

reported by Coffin (1945) are as follows: er;rt11.oeytes 5.5 to 0.6

millions per cu. mm., leukocytes 5 to 20 thousand per cu. mm., hemo-

1
3lobin 12.5 to 17.3 grams per 100 ml., neutrophiles 3.6 CO 15 thous-

and er cu. m”. eosinop--ilcsO.1 to 2 thousand per cu. Hm. baso-
’ .. 2

phile30 to 0.4 thousand per cu. mm., lymphocytes 0.6 to 6 thousand

per cu. mm., monocytes 0.1 to 2.4 thousand cu. mm.

Boddie (1946) reported the following as normal ranges

in dogs: erythrocytes 5.1 to 7.6 mi_lion per cu. mn., 1eu3zocytes 8

to L.6 thousand per cu. mm., homo:3lobin 11.2 to 14.363rams per 100

m1., and the leukocyte differmitial count was 0 to 4 percent eosino-

philes, 67 to Cl percermtneu.troz>hiles, 14.6 to 25.4 percent lfiipho-

cytes, l to 7 percent monocytes.
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LEMIIODS

Estimation g: Sulfamerazine ig the Circulatory System.

The method employed by Hoffman (l94l) 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 potassium oxalate. Transfer 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 separated 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

ammonium sulfamate. After 1 minute, add 0.5 ml. of N (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 Reagent (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 0

ml. respectively of this stock solution to 50 ml. volumetric flasks.

To each of these add 9 ml. of 15 percent trichloroacetic acid. Make

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 0 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.

per 100 ml.

Determination.gf 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. Erlenmeyer

flask. To this was added 0.1 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.



-13-

Leukocyte and Erythrocyte Enumeration. Leukocyte

and erythrocyte counts were made within 24 hours after bleeding

using Thoma diluting pipettes and Bright-Line Improved Neubauer

Counting Chambers (Coffin, 1945). Two percent oxalic acid (Jones,

1927) was used as the diluting fluid for counting leukocytes, while

Leaks and Guy diluting fluid (Todd, 1943) was used for counting

erythrocytes.

Differential Leukocyte gggptg. 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, 1943) immedi-

ately following drying.

The dogs used in this study were obtained from a city

dog pound. All dogs were hospitalized for several months prior to

use. None 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 cereal dog food. This was fed at approx-

imately three p.m. each day. 'water was kept before the dogs 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

* l Gm. of potassium.oxa1ate 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

-% grains (214.5 mg. per kilogram) of sulfamerazine per pound of body

weight respectively. Further blood plasma concentrations were also

determined when sulfamerazine was administered once, twice and three

times daily for a three day period as compared to a 24 hour period.

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 1% grains (214.5 mg. per kilogram) per pound of body weight.

Dogs numbered 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,

24, 36, and 48 hours. In this series of studies samples were taken

at the beginning and at twentybfour 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 124, 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 after injection and thereafter at two-hour inter-
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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 summarized

in Tables I through VIII.
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intravenous injection both in regard to the highest concentration

obtained with each dosage and to the rapid drop in concentration

from this point to the forty-eight hour readings. The highest con-

centration of sulfamerazine, when given 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 sulfamerazine respectively when-%, l,

and If grains per pound of body weight of the drug 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 l and 1% grains per pound was the

dose.

INTRAVENOUS ADXIEISTRATION

Since the sulfamerazine was introduced directly into

the circulatory system when given intravenously it was found almost

immediately 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 15 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 1.4, 4.4,

and 10.5 mg. 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-eight hours. At thirty-six hours the blood

plasma concentration using 1 grain per pound was 3.7 mg. percent

while 7.7 mg. were obtained using 1% Urains per pound of body weight.
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At forty-eight hours the concentration had dropped to 1.4 mg.

percent with 1 grain per pound and 5.0 mg. percent with 1% grains

per pound of body weight.



Graph 1 presents the average sulfamerazine blood

plasma level curves following a single oral administration of-%,

l, and IQ grains per pound of body weight 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)

when they used-% grain of sulfamerazine per pound of body weight in

a single dose per 03. In mink slightly higher concentrations were

found using a single oral administration of-% 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 present results obtained

when similar 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-%, l, and -% grains

per pound of body weight of sulfamerazine were injected. Graph 5

presents the average blood plasma level curves when a 6 percent

aqueous solution of sodium sulfamerazine was injected subcutaneously
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in dosages of i, l, 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-é 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

plasma levels. This latter objection is also encountered in the sub-

cutaneous use of the 6 percent solution.

SULFAIERAZINE ADKINISTERRD SEVERAL TIMES PER 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 %, l, and 1% grains per pound of body weight,

respectively. Studies on the blood picture were continued.



In the series Oi eiperiments where the drug was ad-

ministered once daily for tires days the following dogs were used:

5 grain per pound of body weight - 106

1 grain per pound of body weight - 109

1; grain per pound of body weight - 112

Tables Vl XXVI, ILJII, and IXVIII.

[hen administered twice dai

ing dog3 were us

~L grain per pound of body

1 r'rain per nouns of body

1} grain per pound of body

Tables VII, L.IX, XIX, and (III.

ly for three days the follow-

107weight -

weight - 110

° «1 ‘3

11919.71? - ll.)

When adni.nistored three times aily for three days the

following dogs were used:

§~ grain per pound of body weight - 103

l gi‘a;n per pound of body weight - lll

1; grain per pound of body wei‘ht - 114

Tables VIII, ICC? , ICZIIII, and ICZIIV.

Graph 6 shows the average sulfanerazine blood pl sma

level CLves for the three dom es wlien a’uLnisuered once cmLily for

three days. Graph 7 shows he for twi e dai ror thr days

and Graph 8 shows the blood plLsna level curves wlen suifanerasiae

f"

5.3V‘Ias a.1—.Ai;_“ red three times daily for three days

”he sulfa:ere.zine blood p_asna level curves were found

to be quite regular. The height and maintenance of the smlfanerasine

concentrations were also found to be directly proportional to the

dosage alministered. When sulfamerazine was administered orally once
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daily for three days it was observed that a slight increase in the

blood plasma level occirred on each succeeding administration since

normally about 80 percent of the filtered compound is resorbed by

the renal tubules of the normal Lo; (Peters et al., 1944).
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10st concentration found on the second day of administration

0 1 v. ‘ 3 O

var1edsl1htl;r depending on the dosee USOU. Ultn‘g grain per

po.nd of body'wei"h , the highest concen r1tion was observed four

hours following the second daily dosage when 4.5 n". sorcent was
LJ «-

f 1* .4 *T°"“v1 7 "1" i 10‘“ 'm '11 1 ‘ 1 '7 fljn “us-11.37 1" ’ »’ 1n” w -
01nd. wish 1 U1ain 3-; -o1nd, a 01001 plea- -1 _ove- 01 0.1 LU. lo,-

I J— J-‘-: ”‘1 . ‘: d 'N - ' '

cent was obtained at n.1s sane ‘103413 111 .1 s 1111.1 level has

n1intaincd for another four hOLrs before a 'ecrease in concsntration

'1

111sna level continued to
.L ‘

was found while rr1ta l " ains eer p01nd she

-. w J--. : 'l‘ ‘| I" D .. 1o , m - I... 1, —. -» ,17.~-:~ . "q " r 4"! .

rise anvil e1bnt nour1 ...ollowin.U the second daily aa11a11trie1on wien

F
r
i

a concentration of 9.0 ng. percent was found. ollowing the third

W o '1 o o

a11y a iinistration, a concentrationof4. 9 m”. percent was founc in

p
.

Q o J.” 1 o ‘ ft. ‘__ .0 -- _‘ ~ .... ’5 v

four hours Ulbfl'J grain saliaueraslne per s01n1 of ood' wei::1t a1ter

which time the plasma level adually dropped until 2.5 mg. percent

was present MOIn -+JIO honcs a1ter the initial dose had bee: given.

With 1 grain per pound of body weight a concentration of 8.1 mg. was

obtained four hours aiter the third daily dousee hcld secn adv; :istered.

This plasma leve. eropeed slowly so that 6.0 mg. percent was still pres-

ent:eventgr-two hm”s follow'in; the initial dose. I*sing 15 grains per

pound of body weight a level of 9.4 mg. percent was obtained four hours

after the third daily dos This level was naintainel fo: another

four hours after whh time there was 1 gradixl dr0p with a blood plasma

level of 6.3 13. percent still present seventy-two h0113 aiter the in-

itial doe). These data show that to apreach a cone 1-tr1tion o; 5.0 m5.

(4

, ”\‘L 1 v- {'0 ax ‘ 1 n.‘ ‘ " "1 1 ‘ ‘L .“"' .f‘ ‘. ‘ ,‘1 ‘ 1 V

percent, anL fire1eraal; aoove o nu. Her Sly twena-—1011 hears a 11],

1‘ o _ o o, ‘1, +V p. ‘ ‘ ‘ o '_- M ~

w11c1 1s consilerea b2? enerageitic blooa {l1sna lerel (Jelsh et al.,

1946 la "“a’r" o? snlpnterosire oer poxnd of bod;r w11~ht woe 1000"”—._., L; O"- .. -D ..h -L...J. g... -v‘ L‘s—J... Av ‘ —/ ‘V—L U . ..H a ‘1 ads)

ary when administered in a single daily dose per os.
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When sulfamerazine was administered by mouth twice

daily (9 A.N. and 5 P.M.) for three days the following results were

found: The blood plasma concentration made steady increases with

both 1 and 1% grains per pound but-% grain per pound gave an irregu—

lar although constantly increasing plasma curve. As one would eXpect,

the highest concentration obtained was found at sixty hours or four

hours after the last dosage had been administered. With-i 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 had dropped slightly to 3.2 mg. percent while the concentrations

with l 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-%,

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 mg. percent using-%, 1, and 15 grains per pound. Another

dose of sulfamerazine was given immediately. Four hours later (at

28 hours) the blood concentration had reached 12.5, 16.4, and 24.4

mg. percent. At thirty-two hours blood plasma levels 11.4, 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 34.8 mg. 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-g grain per pound the plasma level was 15.2 m3.,with

1 grain per pound 27.9 mg., while with 1% grains per pound 36.0 mg.

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 given 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 36.5 mg. percent. The data reported herein

show that therapeutic blood plasma level curves may be obtained with

the administration 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.I~:., 1 10.32., and 5 RM.) for three days, that is, 11:,

3, and 4% total grains per pound of body weight daily, the following

results were found: With the exception of the administration of-;

grain of sulfamerazine per pound of body weight, there was a very

)
4

steady and increasing blood plasma concentration. When-r grain per

(
x
.

pound was administered there was an irregular although increasing

plasma level curve. Again it was observed that the highest blood

plasma concentration was found at sixty hours after the initial dose

had been given. Four hours after administration concentrations of

3.0, 5.0, and 8.4 mg. percent were found when sulfamerazine had been

given in dosages of 5, 1, and 15 grains per pound respectively. Sulfa—

merazine was again administered in the same dosages. In another four
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hours blood plasma levels of 6.3, 6.8, and 10.5 mg. percent were found.

Again sxlfamerazine was administered. At twelve hours blood plasma

levels of 11.4, 14.1, and 17.3 mg. percent respectively were observed.

No more sulfamerazine was administered until the next morning. Blood

samples prior to another dosage of sulfamerazine gave blood plasma

levels of 6.1, 14.1, and 22.4 mg. percent. As shown by these figures,

the blood concentration when-L grain of sulfamerazine per pound of body

weight was ad‘.inistered was eliminated rather rapidly. With 1 grain

per pound the concentration remained the same but when 1L ‘rains per
4.

pound wen“ given, the blood plasma levvel continued to increase. These

results are comparable to those ootained when su11.rnnerazine was ad-

ministered twice daily in the same dosages. The first dose of tne

second da3 was given. In four hours or twenty—eight hours af er the

initial dose had been given the blood plasma concentrations respect-

ively were 12.5, 21.2, and 24.0 mg. percent. Another dose of sulfa-

merazine was administered rally. At 32 hours, blood plasma levels

were 11. 0, 27.:, and 32 .0 Ig. percent whex L, 1, and 1L grains per

pound respectively were administered. Again each dog was redosed.

At 36 hours blood plasma levels of 12.4, 32.0, and 38.5 mg. percent

were found. No more sulfamerazine was administered and no blood

samples were drawn until the next morning when the blood contained

10. 0, 29. O, and 36.2 mg. percent of sulfanerazine. This represented

a slight drop in the blood concentration of the drug overnight. The

dogs were redosed immediately after this fort3r-eight hour bleeding

At 52 hours the blood plasma level had again started to rise. At

this time the blood concentrations obtained were 16.0, 34.8, and 38.6

mg. percent respectively. The dogs were again redosed after the



.../.4-

drawing of the blood sampl3. At 56 hours with the blood plasma

levels still rising, 16.0, 34.8, and 40.1 mg. percent were observed.

Following this bleeding the third dose for the day was administered

and in four hours, or sixty hours from the initial dosage, the high-

est concentrations were obtained. These blood plasma concentrations

were 19.0, 37.1, and 42.2 mg. percent respectively. With no more

mlfamerazine administered, the blood plasn concentration slowly

dropped so that at seventy—two hours after the iniial dosage had

been given, plasztla concentrations of 14.8, 32.1, and 40.8mg. percent

were found. Considering 5 mg. percent as a therapeutic level, one

can readily see that it is unnecessary to administer sulfamerazine

three tiIies a day to maintain therapeutic blood concentrations.

The same brand of sulfamerazine was used throughout

the course of this study, ircluding the tablet form, powder form,

mulsion, and sterile powder for the preparation of intravenous and

subcutaneous solutions. All three types of sulfamerazine products

given orally gave similar blood pleanla level curves. The first study,

comparing the single oral administration of L, l, and ngA rains per

pound, was begun 7:-arch 1,1948 and was completed Algust 6, 19X+8. 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 begun Augast 9, 1948 and completed September 3, 1948.

Blood studies were made at spec 13d intervals with

each dosage of sulfamerazine administered. The results 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



~45—

red and white cell counts, hemoglobin content, and differential leuko-

cyte counts when sulfamerazine was administered at the rate of-L, l,

or 1L grains per pound of body weight once daily for three days. Blood

changes did not occur even when sulfamerazine was administered by mouth

at the rate of IL grains (214.5 mg. per kilogram) per pound of body

weight daily in three divided doses for a three day period. Similar

results were obtained when the drug was administered at the rate of 2

grains (286 mg. per kilogram) per pound of body weight 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 mg. per kilogram) per pound of body weight

daily in three divided doses, a leuk0penia developed. The leukocytic

count drOpped 39 percent at seventy-two hours. At the same time no

changes in the hemoglobin content were found but a slight monocytosis

developed as the drug was continued. When 3 grains per pound of

body weight were administered 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 4L grains (643.5

mg. per kilogram) per pound of body weight daily in three divided

doses, it was found that a marked leukopenia 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. Hemoglobin 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 XIIIV). Analysis of the cellular constit-

uents showed a merged neutropenia and lymphocytosis. With this dos-

age normal healthy dogs showed anorexia which lasted several days after

the course of administration of the drug.

It was interesting to observe the blood changes when

sulfamerazine was administered either intravenously or subcutaneously.

Both routes of injections produced a leukocytosis even when-L grain

per pound of body weight was administered in a single injection. No

major changes were found in the hemoglobin content or in the cellular

constituents except a very slight hemoglobinemia of a,froximately 20

percent when sulfamerazine was injected intravenously in single 1 and

IL grain per pound doses. Also a slight neutropenia was found when

l: grains per pound of the drug was injected intravenously.

Two hundred fortybsix 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 check

for red and white cell counts and hemoglobin 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. mm., 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-

cytes 15 cells, monocytes 6 cells, basophils 4 cells, and eosinOphils

5 cells.

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

practice of taking twice the standard error as significant limits, the
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erythrocyte count is date :1i11e significantly within $.16 percent.

4..

Similarly, for a leurocyte coun t the count is determined signific-

antly within * 21 percent.

a

Each trial was further taoulated to show the trend

towards lowe n” and raising of the cellular constituents a1d hemo—_J-‘O

globin content following the admi1istration ofsilfa:erasine. Re-

Virfl'vr

sults of this tab0.118.ation are shown in Table was“.

Table“in4. Blood Picture Following the “Li‘hiStrdb’Oq of SAlfamera-

zine Corpared with tie Initial Blood Iicture.

 

 

Test 1:0. of 130. showing Trials Tirals show;111

Trials decrease showing idontica1

increase results

REC 85 53 31 1

NBC 83 33 5O 2

Hemoglobin 85 53 22 10

% Neutrophils 69 42 23 4

% Lymphocytes 69 32 4 3

hi! 1 -' ...-L _ a 6 1 /

p monoeytes 9 12 41 10

i Basephils 69 7 33 29

fl Eosinophils 69 23 29 17

 

O

The results reveal a noticeable decrease in erythro-

cytcs, hemoglooin content, and neutrOphils and an increase in ledwco-

cytes, monocytes, and bas0phils. In many of the trials the increase

or decrease was almost negligible.

file greatest variation in the red cell count obtained

‘

11 an“." animal was 1:450 ,000; in tne majority there was very little
U

H
-
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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 administered for several days

when a hemoglobinemia was produced; this varied as much as 5.2 grams

per 100 ml. of blood. Marked changes were found in the cellular

constituents as the dosage 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 small 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 range of blood

constituents in the latter trials was not found to be within the nor-

mal variations reported by Coffin (1945), halkamus (1944), and Boddie

(1946). Results of this tabulation are shown 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. With

vicious dogs where placing the hand inside the dog's mouth is undes-

irable, the emulsion is preferred since it may be administered while

the dog 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 sulfamerazine. Anorexia and depress-

ion resulted from the oral administration of 4% grains (643.5 mg. per

kilogram) per pound of body weight daily in three divided doses for a

three day period.
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SUNKARY AND CONCLUSIONS

The dogs exhibited 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 weight, and 22 hours following

-§ grains (214.5 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 mg. per kilogram) per pound

of body weight in the dog.

Therapeutic blood levels of free sulfamerazine 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 administered. These

two methods of administration were more objectionable to the dog

than the oral administration.

Sulfamerazine blood plasma levels of 5 mg. percent

or higher were maintained with the administration of-% grain (71.5

mg. per kilogram) per pound twice daily per os. Larger and/or

more frequent doses produced an unnecessarily high blood concentra-

tion.

There was no significant difference between the oral



use of sulfamerazine in the tables f rm, in powder form, or in an

emulsion in tlie dog as far as blood plasIla levels were conee1ned.

Studies of the blood picture inaicate that the firest-

est variation in the red cell co TIL ootainea '21 any animl was 3:

454,000; in the majority there was very " le Caan“c. Increased

dosages of Silfaxerazine during a three—dav stuiy produced a leuko-

penia in the normal healthy dog. Intraveno”sly the blend wasto-

wards a leukocytosis. Hem globinemia was producedHhen sulfamora-

zLne was a~.inisterwby mou.th at the rate of 4, frains (643. 5 mg.

per lcilO‘ram) per pound of body weight daily in three divided doses

for a three day period. WfiU1 the larger doses, tne doss showed a

marked anore"ia and depression whien las (
4
'

3' .. *7 4- a

eu se/eral da.s after the

_L

administration of the drug.
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