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INTRODUCTION

One of the major problems confronting the veteri-
nary practitioner today 1s the paucity of baaslc knowledge
underlying the use of drugs. With the advent of newer
antibiotics, which are more specific in action, and more
specific in methods of administration this defect becomes
Increasingly apparent. If these agents are to be used to
the best advantage in the treatment of infections caused
by susceptible organisms, basic studies are essential.

The following study was limited to certailn obser-
vations on penicillin in dogs. The two mein objectives:
upon which this investigation was based were: (1) The
determination of penicillin blood plasma levels in dogs
following the administration of this agent in various ve-
hicles and by the different routes of injection. (2) 4
considerstion of the immediate effect of penicillin on the

blood picture following ¢ ngle injections.



REVIEW OF LITERATURE

The results obtained by the use of vehlcles to re-
tard absorption of penicillin compared ﬁith those obtained
by dissolving it in physiological saline have been report-
ed by various authorse.

Armstrong, Halpern, and Cutting (1945) after ex-
perimental work on doga using vérious vehicles concluded
that none were more effectlve than 5 per cent dextrose a-
lone in sustaining penicillin levels in the blood sera.
The various vehicles which they used included methyl
cellulose, human plasma, 12 per cent sucrose, 12 per cent
lactose, sesame or peanut oil, 4.5 to 25 per cent sorbitol,
8.5 per cent gelatin snd urea, congo red and dextrose,
epinephrine and gelatin, and pltressin and dextrose. In us-
ing 5 per cent dextrose as a vehicle in humen patients,
they found thst with smaller doses of penicillin the in-
creased level could hardly be called important, but with
larger doses it was great enough to be theoretically val-
uable. With doses of 40,000 units and 80,000 units, the
measurable serum level was maintained for one hour longer
than a similar dose given in physiological saline.

Fish, Foord and Allis (1945) compared the serum
levels obtained in rabbits after injections of penicillin
in physiological saline with those obtained from the in-

Jection of penicillin in physiological saline and adrena=



line. Using saline as a vehicle, measurable levels were
maintained for approximately 1.5 hours, whereas, saline plus
adrenaline maintained the measurable level for 3 to 4 hours.
The additlon of adrenaline was observed to level off the
peak and increase the duration of the blood concentration
curve. Slmilar results were obtailned in human patients.
Saline used as a vehlcle maintained a measurable level for
approximately 2 hours while srline plus adrenaline maintain-
ed 1t for approximately 2.5 to 3 hours.

Parkins, Wiley, Chendy and Zintel (1945) report that
the use of colloldal gelatin as a wvehicle with the addi-
tion of privine or neosynephrine had a definite action on
sustaining blood levels in the dog and in man. They com-
ment that the colloldal gelatin delayed absorption and ex=-
tended the effect of the vasoconstrictor as well as that
of the penicillin, and the vasoconstrictor, in turn, delay-
ed the absorption of the gleatin acting as a vehlcle for
penlcillin. In comparison with physiological saline as a
vehlcle, colloidal gelatin sustained the level twice as
long, and colloidal gelatin plus privine or neosynephrine
sustained the penicillin level about three times as long.

The efflcacy of varlous agents for delaying absorp-
tion of penicillin in the horse was reported by Doll and
Dimock (1946). They point out that the absorption of peni-
¢illin was somewhat erratic when vasoconstrictors were used
in conjunction with physiological saline, saline and dextrose

or gelatin solutions. Hince the vasoconstrictors produced



only a short prolongation of the effective blood level
period, the authors consider them as offering very little
advantage 1n the therapeutic use of penicillin. Their re-
sults also indiczte thot the use of dextrose or gelatin in
combination with vasoconstrictor drugs, offers no signifi-
cant advantage over sallne preparationse.

A simple rapid technique for preparing w:ter-in-
0il emulsions of penicilllin was reported by Freund and
Thompson (1945). They prepared the emulsion by first in-
Jeeting 1.4 cc. of sterile physiological saline into a
sterile vial containing 100,000 units of penicillin. To
this solution was added 3.1 cc. of a lanolin-peanut oil
mixture. This addition was made with a sterile syringe a-
dapted with a seventeen gauge needle. Emulsification was
accomplished by repeated with-drawals and injections of the
penicillin-oil mixture from the syringe into the vial con-
taining the original penicillin.

Cohn and others (1945) using the emulsion technique
reported measurable serum levels in man at four hours in
comparison to measurable levels at three hours following a
single Injection of 150,000 units in aqueous solution. They
also reported that giving part of the total unitage in aqueous
solution and part in water-in-oll emulsion sustained the
level somewhat longer. This appears to be substantiated in
Prectical clinical tests in the treatment of gonorrhea as
Cohn, Kornblith, Crumstein, Freund and Thompson (1946) found
that one injection of 150,000 units of sodium penicillin 4n a



water-in-oil emulsion effected a cure of 101 patients in a
series of 105; also that the simultaneous injection of
100,000 units in water-in-oil and 50,000 units in aqueous
solution cured all 49 patients treated.

The results reported by Ory, Wilcox and Finland (1946)
on comparative serum levels following single intramuscular
injections of penicillin in saline and penicillin in water-
in-oil emulsion 4id not substantiate those of Cohn and others
in that the latter did not sustain the serum level longer.
When tested in the same subject, they found the serum con~
centrations obtained after a single injectlion of penicillin
in a water-in-oll emulsion were not superior to those obtain=
ed with the same dose given in the sume volume of sszline,
and the levels were not better sustained. Their findings
were based on single intramuscular injections of 100,000,
200,000 and 300,000 units,

Horus, Wilcox and Finlend (1946) reported on a second
series of observations on comparative penicilllin serum
levels., This time "emulgan" which is composed of sesame
01l and cholestrin base was compared with saline as a
vehicle. When tested on the same patient, saline com-
pared very favorably with the watep-in-oil emulsion as a
vehicle in sustaining the penicillin serum level.

Doll and Hull (1947) found that an emulsion of
water-in-oil as a vehicle for the intramuscular administra-
tlon of penicillin produced no delay in absorption as com=-

pared with physiologlcal saline as a vehicle in horses and



sheep. On the basis of 500 units per pound of body weight
the saline vehicle maintained a measurable level for 2.5 to
3 hours, and in the case of water-in-oil emulsion the level
was maintained for 3 hours in horses. In sheep, on the basis
of 500 units per pound of body weight, saline maintained the
level 4 hours and water-in-oil emulsion maintalned the levdl
4 to 5 hours.

Jones, Donaldson and Allen (1946) found thu:t the use
of magnesium sulfate monohydrate with sodium penicillin and
peanut oil delayed the absorption of penicillin. They re-
ported finding 0.03 units per cc. of serum 1in eight of elev~
en patlents twenty-four hours after a single subcutaneous in=-
Jection of 250,000 units in this vehicle. Clinical results
showed 108 of 113 cases of gonorrhea (95.6 per cent) "cured"
using this method.

Penicillin was suspended in a dry sterlle vegetable
oil (peanut oil) by Ralziss (1944). The blood of rabbits

was found to be bacterlostatic against Staphylococcus asureus

for a longer period of time following en intramuscular ine
Jection of penicillin in the oil suspen&lon when compared
with a similar injection in agqueous solution. He also foumd
that penicillin in oil was therapeutically more effective
in the treatment of experimental rabbit syphilis than were
aqueous solutions of penicilllin.

Favorable therapeutic serum concentrations (0.007
and 0.019 units per cc.) were maintained for eight hours in

25 patients after a single intramuscular injection of 150,® 0
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units of penicillin in a beeswax (1 to 2 per cent) and se-
same oll mixture by Zinnomon and Seeberg (1945).

Trumper and Hutter (1944) and later Trumper and
Thompson (1945) reported that the absorption of penicillin
could be delayed by chilling the site of injection before
and after the adminlstration of penicillin, thus giving a
prolonged therapeutic value using a minimum amount of peni-
clllin. In checking forearm blood flow they found that 1t
ranged from 0.5 cc. (per hundred cubic cc. of arm volume
per minute) at a temperature of 55.4° F to a speed of 5.9 cce.
at 98.6% F. By using a thermocouple, the temperature 0.5
of an inch below the skin after an ice bag was placed on the
deltoid muscle was found to be reduced to 63° F. In the
clinical use of penicillin, ice bags were applied to the
site of injection two hours previous and twelve hours fol-
lowing intramuscular injection. This procedure maintained
effective bacteriostatic levels for a period of 12 hours
in five out of six cases.

Chow and McKee (1945) in working with crystalline
penicillin found that it combines with human serum albumin
to make a large penicillin aslbumin complex. In mouse ex-
cretion studies, the penicillin-albumin complex was found
to be excreted more slowly than the sodium salt of peni-
cillin. The authors suggested this as another means of sus-
taining penicillin serum levels.

In 1941 Code and Lewis and in 1942 Code and Varco

found that the action of desoxycorticosterone acetate and



histamine could be markedly prolonged by administering them
parenterally in beeswax mixtures. Bryson and Code (1944)
reported prolonging the action of heparin as an anticoagu-

lant when administered ln beeswax.
Romansky and Rittman (1944) observing these results

reported by Code and associates in the delaying action of

beeswax added it to peanut oil in preparing a vehicle to de=~

lay absorption of penicillin. They prepered their peni-

cillin beeswax-0ill suspension as follows: All equipment

used was sterilized at 17 pounds steam pressure for 20 mine

utes. The beeswax was heated and filtered through six laye

ers of gauze, while the peanut oll was sterilized by filt-

ering through a Seltz filter. Various amounts of beeswax

were added to the peanut oil, ranging from 0.75 to 6 per

cent. The vial contalining the penicillin was shaken to

break it into a powdery state. To the penicillin vial were

next added 3 to 5 beads and the beeswax-peanut oll mixture,.
It was then shaken for 15 minutes to make a uniform sus-

pension. Calcium penicillin was used as it was less hydro-

scoplc than sodium penicillin.
Stability tests on Romansky's mixture showed no de-

terioration when kept under refrigeration, at room and
37¢ c. temperatures for 30 to 62 days.
Rabbits given single intramuscular injections of
5,000 to 10,000 units in the suspension, sistained a measur-
able penicillin blood level for 6 to 12 hours, while similar

amounts of penicillin injected in saline resulted in a de-

\



tectable level for only 2 hours.

When single Intramuscular injections of 41,500 to
66,400 units in the suspension was given to humans the peni=-
¢illin blood level was mailntained for 6 to 7 hours. DNone of
the patients complained of local pain or irritation. In the
initial clinical trials twelve patients with gonorrhea were
given from 51,250 to 100,000 units in a single intramuscu-
lar injection; eleven of the twelve were pronounced cured.

In studying tissue reactions to intramuscular in-
Jectlions of 3 per cent beeswax-peanut oil mixture, ten ham-
sters were given 0.05 to 0.10 cc. (500 to 1,000 units peni=
cillin) twice a day for five days. They were then sacri-
ficed at the rate of one per week and tissue sections were
prepared. At twenty-four hours the muscle fibers were sep-
arated by oil cysts surrounded by polymorphonuclear leuco-
cytes: no necrosis was present. At the end of ten days,
particles of beeswax were surrounded by glant cells and
scattered disintegrating leukocytes. At thlrty days the
beeswax had completely disappeared and the cyst walls, which
were composed of minute amounts of fibrous tissue and giant
cells, were partially collapsed.

A number of interesting polnts were bought out in
a study of absorption and excretion of penicillin by Kirby,
Leifer, Martin, Rammelkamp end Kinsmen (1945). Three-
hundred and fifty-nine patients were given intramuscular
and subcutaneous injections of 300,000 units in beeswax and

peanut oll. These workers noted quite a wilde variation in
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absorption and excretion. The sojourn of assayable levels

In the blood stream of different patients ranged from 4 to
28 hours. Part of the patients in whom levels were present
for 16 to 28 hours showed irregularity of absorption during
the second twelve hours; 1.e., there were one or more occa-
sions on which assayable levels were not present. Excre-
tion iIn the urine after the first 12 hours was found to de-
cline rapidly, however, small amounts could be detected

for 72 hours in some patients. No significant cumulative
evidence was found in patients glven intramusculer injec-
tions of 300,000 units of the mixture daily for eight days.
Only 7 per cent had assayable levels at 24 hours following
the injJection. They also found that results wilth subcutane-
ous administration were superior to results with intramuscu-
lar injection both in uniformity of absorption and in pro-
longation of blood levels. No induration, nodule formation
or sterile abscesses were observed when the mixture was
administered subcutaneously.

Doll and Dimock (1946) in working on horses found
that single intramuscular injections of 300 to 500 units
ofpenicillin per pound of bbdy weight given in a suspen-
sion of beeswax and peanut o0il maintained effective blood
concentration for four to six hours. This interval was
approximately double that when saline solutions were used
as a vehlcle.

Bohls and Cook (1945) thought it of interest to
study the effect of aluminum-potessium sulfate and peni-
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cillin mixtures in delaying absorption following intramuse
cular injection since this aluminum material was so suc-
cessful in delaying the absorption of diphtherla toxoid.
Local and systemic (temperature) reactions of aluminum po~
tassium sulfate-penicillin mixtures containing 16,000 units
of penicillin and 20 mg. of aluminum were studied in nor=-
mal rabbits. Control animals were injected with penicilline
beeswax-peanut o1l mixtures of Romansky and Rittman (1944).
Yo significant reactlions were noted except that & small
nodule could be felt at the site of injection in some of
the animals for several days. Blood concentrations of

the animals receiving the aluminum-penicillin mixtures com-
pared favorably with those recelving Romansky's Formula.
Both mixtures maintained asseyable levels for 8 hours. FHu=-
man patients injected with 50,000 units of penicillin in
aluminum potassium sulfate maintained a therapeutic level
for from 6 to 9 hours. ©No local or systemlc reactions were
noted.

A method of estimating penicillin levels in body fluids
was reported by Randall, Price and Velch (1945). This was
a serial dilution method employing a strain of Bacillus
subtilis as the test organism. The strain selected was
equally sensitive to penicillin when compared with most
strains of hemolytic streptococcl. They reported thot
thousands of deberminations had been made with satisfac-

tory results.



Elias, Merrion and Spelcher (1945) observed that
some human blood sera contained a substance.inhibitory to
B. subtills and streptococcus strain C 203. They pointed
out that the effects of these substances may be very easily
misinterpreted as penicillin activity, especislly in con-
centrations of the order of 0.02 to 0.05 units per cc. of
serum. The sera from both children and adults contained
this inhibitory substance znd its activity was mofe pro-
nounced against B. subtilis than towards the streptococci.
Sera from ailing adults showed pronounced bacteriostatic
and bactericidal activity egainst both microorganisms.

Chandler, Price and Randall (1945) made the same ob-
servations and also found that the inhibitory substance
was both verilable and transitory in a given individual.
Forty per cent of the human sera tested contained an antl=-
subtilis factor and they also pointed out thet these inhi-
bitory substances may materially affect the interpretation
of the penicillin concentration of the blood samples in a-
mounts of 0,125 units or less.

In searching for organisms to use in determining the
concentration of streptomycin in body fluids Buggs et al
(1946) found that 30 out of 35 sera tested from normal per-
sons, who had received no previous medication, contained
inhibitory substances against B. subtllis, and none against
Staph. aureus. This 1lnhibitory substance was present in di=-
lutions of serum up to 1:32.

In a recent report Hoffman (1946) commented on this



inhibitory factor. In a total of 120 plesma specimens he
found only one that showed iInhibition in a level equivalent
to 0.03 units per cc. (1l:4 dilution): the remaining speci-
mens gave negative levels.

The Committee on Kedical Hesearch and lledical Research
Council (1945) jointly made known the fact that penicillin,
as it is distributed commercially, 1s a mixture of several
substances. At least four different penlcillin types are
known to exist. These are disignated in the United States
a8 F, G, K and X. Chemlcally they differ from one another
in side groups attached to a common nuclear structure.

Prior to the above report information had begun to
appear indicating th-t several types of penlcillin were
present 1n commercial penicillin, also that these types
varied significantly in their in vitro and in vivo activi-
ty against a variety of bacterla. Libby and Holmberg (1945)
found that penicillins G and X appeared equally effective
on a unit baslis in inhibiting growth of Staph. aureus and

B. subtilis. On the basls of weight penlicillin G was more
effective than X. On the other orgenisms tested penicillin
X was found to be more effective than G in inhibiting growth
in vitro.

Penicillins X and G were compared with respect to
sensitivity of pathogenic organisms and serum levels by
Ory, iwilcox and Finland (1945). An alpha hemolytic strep-
tococcus, a gonococcus, pneumococcus, streptococcus viri-
dans and meningococcus were found to be two to eight times

more sensitive to X than to G. Staphylococecl were found to



be equally sensitive to both types. Comparative penicillin
serum levels on ten convalescent patients following single
Intramuscular injections of 20,000 units on two successive
days were significantly higher and were sustained longer
using penicillin X than regular penicillin. 4 comparison
of clinical results using the two penicillins left the
authors with the impression that gonococcal infectlion re-
sponded somewhat more raplidly and completely when penicil-
lin X was used, while on other infections the two showvied up
equally effective.
Eagle (1946) using lots of crystalline penicillins F,
G, K and X -compared their activity in vitro against a
streptoceccus on a milligram basis. Thelr order of effic-

iency was i, K, G and F. :gainst Spirocheta pallida the or-

der of efficlency was G, K, F and X, while with Staph. aureus

tha efficiency was K, G, F and X.
The pharmalogical basis for the low therapeutic activ-
i1ty of penic1llin K compared with thzt of penilcillins F,
G and X was determined and reported by Eagle and ilusselman
(1946). They found that penicillin K disappeared from the
blood far more rapidly than did the other penicillins, also
that a relatively smaller amount was excreted in the urine.
In rabbits injected with penicillin K a measurable blood
level was maintained for 45 minutes; using F, G or X the
level was maintained for two hours. Urinary excretion of
K averaged 33 per cent; the 6ther three averaged 74 per

cent. Approximately the same results were obtained in man.



In experimental infection in white mice the ratio of activ-
ity was found to be K-9, F-50, G-100 and X-260. These ther-
apeutic results compared with thelr in vitro activity sug-
goested that it would seem deslrable to standardlze impure
mixtures of penicillin (since these contain various emounts
of the different types) for therapeutic use by some method
other than their bactericidal activity in vitro.

The Committee on Medlcal Research, The United States
Health Service, and The Food and Drug idministration (1946)
Jointly reported on the changing cheracter of penicillin,
They brought out the fact that commercial penicillin might
v?ry from time to time iIn the relative content of the various
penicillins and that in recent months some commercial penie-
cillins have contalned a substantial proportion of penicil-
lin K. This report also Indicates th-t penicillin K waa
relatively inefficient as compared to F, G and X sagalnst
several Infectlons studled. Commercial peniclllin has
also undergone a change in the direction of increased puri-
ty with a consequent decrease in certain impurities which
may have possessed some therapeutic activity.

The results with penicillin in the treatment of
early syphilis reflects thls change in character as treat-
ment of this disease has been less satlsfactory since llay
1944 than prior to this date. They polnt out that factors
respongible for the apparent decrease 1in efficlency are une
der intensive study and that practical steps to meet the

difficulty are in progress by industrial producers.



The adminilistration of peniclllin by verious routes
was studied by Rummelkamp and Keefer (1943) to determine
its absorption, excretion, and distribution. Intravenous
Injections of peniclllin were followed by an immediate
rise and very rapid fall in blood serum levels in contrast
to intremuscular and subcutaneous injections in which the
rise was somewhat delayed, serum levels reached were not
so high, but remasined for a longer period of time. Intra=-
venous injection of 10,000 units showed an immediate value
of 0.625 to 1.25 units per cc. of serum. In 30 minutes
the level ranged between 0.039 and 0.156 units, 0.19 units
iIn 60 minutes and 0.019 to 0.007 units in 90 minutes. The
occurrence of the last readable levels in the various patie
ents tested was at intervsls ranging from 90 to 210 minutes.

After an intramuscular injection of 10,000 units
the serum level was 0.58 unlts at 5 minutes, 0.078 units
at 30 minutes, 0.015 to 0.039 at 90 minutes. In two sub-
Jects given 10,000 units subcutaneously a high of 0.007
units was reached, disesppearing at 205 to 300 minutes.

Fleming, Suchet, Young and Rowe (1944) also studied
the concentration of penicillin in the blood serum of pati=
ents who had been receiming the drug in various doses in-
travenously, intramuscularly, or subcutaneously as single
injections. Following an injection of 15,000 units in-
travenously they found s maximum concentration of about

4 units per cc. almost immediately, followed by a very
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rapid fall so that after ten minutes it might be only 0.5
units. Thereafter the fall was slower reaching about 0.03
units in one hour. Following a similar intremuscular in-
Jection the blood concentration st two minutes was 0.12
unlts per cc., reaching a maximum at 6 minutes, after which
the content dropped rapidly, but not as culckly as with

the intravenous Injection, so that after 3 hours little or
no peniciilin was detectable. Subcutaneous administration
was found to give zlmost the same curve as the Intramuscul-
ar route, except that the forst appearance in the blood was
delayed for a minute or two. In fifteen minutes it had
reached the same maximum level as with intramuscular in-
Jection, and the fall followed the same curve.

Various doses were given intrsmuscularly and the
time of dlsappearance determined. Fifteen-thousand units
disappeared in 2 to 3 hours, 20,000 units in 3 hours,
35,000 units in 4 hours, 50,000 units in 4 to 5 hours,
100,000 units in 5 to 6 hours.

When purified preparations cof penicillins became
available, Hoffman (1946) studlied the blood serum levels
obtained following the subcutaneous end intramuscular
routes of injection. Results of a serles of 206 assuys
revealed that absorption and elimination from the blood
stream were almost identical when given byeither route
of Injection. The author also reported that the patients

preferred the subcutaneous injection to the intramuscular



Injection since less pain was produced.

Waltz and Zintel (1945) reported their findings on
the transmlssion of penicillin to the amniotic fluld and
fetal blood in the human. Twenty-five thousand units in
physiological saline were injected intramuscularly to each
member of the first three groups: 1In group I (those de-
livering within 60 minutes after injection of penicillin)
comparatively high maternal blood levels were reached while
very little of the drug was found iIn the cord blood or am-
niotic fluid. 1In group II (those delivering between 60
and 90 minutes) maternal levels 0.156, cord blood 0.039
to 0.078, amniotic fluid 0.039 to 0.156. In group III
(those delivering between 90 and 180 minutes) maternal
levels 0.178 or less. Penicillin was not found consis-
tantly in cord blood or amnlotic fluid. Group IV received
penicillin by continuous intravenous drip at the rate of
10,000 units per hour. A4fter 2 hours the maternal blood
was 0.078 to 0.312 units, cord blood 0.039 to 0.078 units
and amniotic fluid 0.039 to 0.078 units. After 20 hours
the maternal blood, cord blood, and amniotic fluid all con=
tained Q.156 units. o evidence of toxiclty was observed
elther to the mother or child in any of the groups.

Some observatlions on the toxicity of penicillin to
enimals were included in Flemings (1929) first article re-
porting the discovery of the new antibiotic. 1In working
with mold broth filtrates containing penicillin he found
that its toxicity to animals was very low. Ie reported

that intravenous and intraperitoneal injectlons into rab-
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bits and mice, respectively, resulted in no more toxic
reaction than the same quantity of broth. Irrigation of
human conjunctiva and infected surfuces had no irritating
effect. He also reported that in vitro, penicillin which
completely Inhibited the growth of staphylococcus in a
dilution of 1 to 600 did not iInterfere with leukocytic
function to a greater extent than did ordinary broth.

Abrahan et al (1941) studied the effect c¢f peni-
cillin on leukocytes at various dilutions. They found
that penlcillin at a dilution of 1 to 100 incctivated the
leukocytes almost immediately; at 1 to 250 more than 50 per
cent of the leukocytes were active for 4 hours; at 1 to
500 the preparation was indistinguisheble from the control.
Injections of 20 mg. of penicillin (40 to 50 units per mg.
strength) caused serious embarassment but not death in mice.

Later Flory and Jennings (1942), working with a more
purified product, injected mice intravenously with 20 mg.
of penlcillin (250 and 350 units per mg. strength) with
no observable reaction.

A toxlcity investigation comparing crude prepara=-
tions of penicillin (60 units per mg.) with a more puri-
fied product (300 and 400 units per mg.) was made by Rob-
Inson (1943). He found that on the basis of welght a puri-
fied penicillin preparation was somewhet less toxic than
crude penicillin in spite of the marked increasse in anti-

bacterial sctivity.



Homre, Rake, licKee and lMacPhillamy (1943) found
that guinea pigs tolerated less penicillin units per kilo-
gram of body welght when fatal doses were administered
than rabbits or mice. On autopsy the gulnea pigs exhiblted
no gross or microscopic lesions in the central nervous
system, lungs, spleen, lymph nodes, Iintestines, pancresas,
kidney, adrenal, gonads or voluntary muscles. In 20 per
cent of the cases the heart showed necrosls of several
muscle fibers in the left ventricle and a surrounding in-
filtration with monocytes and a few polymorphonuclear cells.
On gross examination the slte of injection was edematous
and yellowish red in color. !Microscopically the picture was
one of subcutaneous edema and iInfiltration of monocytes
and leukocytes. Focal areas of necrosls were present in
many of the livers.

The authors also conducted experiments with mice
comparing the toxiclty of crude and purified preparations
of penicillin and further verified the work of ibraham,
Flory and Robinson in that purification lowers toxicity.

In a compiled report of 500 cases by the Cormittee
of Chemotherapeutic and Other Agents (1943) 1t was con-
cluded that the remarkable feature of penicillin was its
relatively low toxicity and the extremely low incidence of
reactlions of a systemic nature. Iaterial available at the
time of this report was 10 to 15 per cent pure penicillin.
Toxic reactions were as follows: fever - 5 cases, chills

and fever - 12 cases, thrombophlebltis at site of injection



- 19 cases, urticaria - 14 cases, gluteal tenderness at
site of Injection - 5 cases, headaches and flushing of the
face - 10 cases, tingling of testes -~ 2 cases, and pains
in muscles -2 cases. They commented that urticaria might
occur during the course of treatment or after treatment
had been discontinued.

Lyons (1943) reviewed the results observed in 209
cases. He divided the reactions into two groups. (1) Re-
actions assoclated with particular betches and thought to
be due to impurities were chills with or without fever
after intravenous injections, eosinophilia (20 to 30 per
cent), burning pains at site of intramuscular injection,
headaches, faintness and flushing of face, unpleasant
taste after parenteral injections, tingling of the testes,
muscular cramps, and femoral phleothrombosis. (2) Re-
actions which were not limited to particular batches of
penicillin were - urticaria 5.7 per cent, fever without
urticaria, transient azotemla, and thrombophlebitis.

A summary of 100 clinical cases receiving penicillin
therapy was reported by Dawson and Hobby (1944). Three
patients developed mild urticaria. Chills and fever had not
been observed by the authors since the early cases when the
material w:s known to contain pyrogenic substances. Throm-
bophlebitis was observed in only one case. Complaints of
dlscomfort at site of injection seemed to be connected
with particular lots of material. 1In a majority of cases

no symptoms of any nature vere observed, nor had prolonged



administration led to the development of eny intolerance
or sensitivity.

Kolodny and Denhoff (1946) reported their observa-
tions on 124 patients. Immediate reactions following par-
enteral administration were shown by 16 per cent while 7
per cent showed delayed reasctions. %o significant rela-
tionshlp was found between the incldence of reactions,
previous penicillin therapy, recurrence of symptoms follow-
ing additional therapy, time interval between courses of
penicillin or past history of personal or familial allergiles.
Relief by epinephrine or evhedrine was definite.

Hypersensitivity of the tuberculin type was report-
ed by VWelch and Rostenberg (1944) following intradermal
injections of penicillin. ‘“he authors later (1945) test-
ed 144 persons and found that 5.5 per cent exhibited this
type of sensitivity. It did not occur following intramus-
cular or subcﬁtaneous injections as the penicillin was
absorbed and excreted too rapidly.

An investigation was carried out by Herwick, Velch,
Putman and Gamboa (1945) to determine why certain lots of
commercial penicillin produced severe pain on intramuscular
Injection. They found no correlation between the irritation
produced by intradermal injections of penicillin in man or
rabbits and that produced by intramuscular injectiﬁns of
this material in 100 patients. They also found, by using
the blindfold test on 100 patients, that intramuscular in-
Jections of penicilliin pro@uced a greater incldence and in-

tendity of pain than did the injection of lsotonic salt sol-
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ution. A significant correlation between purity (units
per mg.) and irritation following intramuscular injection
was found. An increase in potency was associated with a
corresponding decrease 1ln pain produced.

Using purified preparations of penicillin, Hoffman
(1946) reported that there were no recognized cases of
urticarla or other allerglic manifestations. Ie suggested
that these findings might be related to the purity of the
preparation used.

Five patients who developed urticaria assoclated
with penlcillin therapy were studied for hypersensitivity
and for circulating antibodies by Colloway and Barefoot
(1946). They found all five to be negative when subjected
to iIntracutaneous or passive transfer tests. Precipitation
tests were inconclusive as all patients, including controls,
showed a fine precipitate. <The authors assumed that an
excessive amount of hilstamine was present as in all instances
the urticaria was controlled by Benadryl.

The effect of prolonged administratlion of penicillin
upon the blood plcture of canines was studied by Balley
(1946). Examinations made included coagulation time,
erythrocyte counts, leukocyte counts, differentlal leukocyte
counts, hemoglobin determinations and erythrocyte sedimentae
tion rates, bleeding time and percentage of packed blood
cells. The only two changes observed were an Increase in
eosinophiles and a decrease in the erythrocyte sedimenta-

tion rate.



Malkamus and Oppermann (1944) reported the normal
ranges of blood constituents in the dog as follows:
erythrocytes 5.5 to 8 million per cu. mm., leukocytes 9 to
10 thousand per cu. mm., and the leukocyte differential
count was 2 to 4 per cent eosinophiles, O to 0.5 per cent
basophlles, 13 to 32 per cent lymphocytes, 3 to 5 per cent
monocytes.

The normal ranges of the canine blood constituents
reported by Coffin (1945) were as follows: erythrocytes
5.5 to 8.8 millions per cu. mm., leukocytes 5 to 20 thou-
sand per cu. mm., hemoglobin 12.5 to 17.3 g. per 100 cc.,
neutrophiles 3.6 to 15 thousand per cu. mm., eosinophiles
0.1 to 2 thousand per cu. mm., basophiles O to 0.4 thou-
sand per cu. mn., lymphocytes 0.6 to 6 thousand per cu.
mm., monocytes O.1 to 2.4 thousand per cu. rm.

Boddie (1946) reported the following as normal
ranges in dogs: erythrocytes 5.1 to 7.6 million per cu.

. m., leukocytes 8 to 14.6 thousand per cu. mm., hemoglobin
1l.2 to 14.8 g. per 100 cc., and the leukocyte differential
count was O to 4 per cent eosinophlles, 67 to 81 per cent
neutrophiles, 14.6 to 25.4 per cent lymphocytes, 1 to 7

per cent monocytes.
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ETHODS

The procedures used in these experiments were as
follows:

Estimation of Penicillin in Body Flulds. The offi-

cial test of the Food and Drug Administration, develop-

ed by Randall, Price and Velch (1945) was used. 7The tech-
nique was as follows: One-half cc. amounts of sterile
yeast beef broth* were placed in regular size sterile test
tubes and serial dilutionsby halves made by adding one-
half cce of the fluld being tested to one of the tubes and
carrying one-half cc. in serial dilution for as many tubes
as necessary (usually 5 to 15 tubes). The first tube in
the series contained one-half cc. of the material under
test only. A standard was prepared for comparison by dilut=
ing a known potency penicillin** to one-unit per cc. in
sterile water. This one-unit standard was diluted exactly
as above in serial dilution by halves. One and one-half
cc. of a 1:100 dilution of the test organism*** in yeast
beef broth was added to all tubes; then the tubes were in-
cubated at 37° C over night (18 hours). The last tube in
which no growhh occurs is taken as the end-point. This
was usually sharp, inasmuch as one tube was clear while

# Difco Yeast Beef Broth Dehydrated, Difco Lab., Detroit.
#% Reference Standard of known potency was obtained from

Food and Drug Administration.
###0riginal culture of test organism (B. subtilis) was ob-

tained from Food end Drug Administration.
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the next one in the series would have the typical pellicle
of B. subtilis on the surface of the medium.

The concentration of penicillin in the unEnown was
then determined by comparing the end-point of the unknown -
with that of the standard. Ordinarily the test as describ-
ed here is sufficiently sensitive to determine potencies as

low as 0.03 units of penicillin per cc. of blood plasma,

Determination of Hemoglobin. The Sheard - Sanford
Photelometer was used in determining the grams of hemoglobin
per 100 cc. of blood (Sanford et al, 1933). Preparation
of the sample of blood was as follows: Twenty cc. of the
diluting fluid (0.l per cent solution of = dium carbonate
in wgter) was measured accurately into a sultable contain-
er such as a 50 cc. Erlenmeyer flask. To this was added 0.l
cc. of blood. The mixture was thoroughly shaken and then
transfered to the photelometer for reading using a green
filter. This reading was then obtained in gfams of hemo=-
globin per 100 cc. of blood from a calculated table.

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
per cent oxalic acid (Jones, 1927) was used as the diluting
fluid for counting leukocytes, while Leak and Guy diluting
fluid (Todd, 1943) was used for making erythrocyte counts.

Differential Leukocyte Counts. Blood smears were pre=




pared within one hour after bleeding by the two-slide
method and stained with Uright's stain (Coffin, 1945)
immediately following drying.

The dogs used in this study were obtained from a
city dog pound. On arrival from the pound each individual
was glven 40 cc. of an homologous anti-canline distemper
serum subcutaneously. In ten days an additional 40 cc. of
serum was given to each dog. None of the dogs developed
distemper and all remained free of the disease throughout
the course of study. They were checked routinely for inter-
nal and external parasites and then treated when necessarye.
Thelr ages ranged from approximately four months to ten
years. The animals were fed once each day; the ration con-
sisted of one part of cooked meat scraps and two parts of
cormercial cereal dog food. This was fed at approximately
8ix p.m. Water was kept before the dogs at all times.
Penicillin injections and drawing of blood samples vere al-
ways begun in the morning or at noon, depending on the num-
ber of samples collected. All the animals gained weight
steadily during the entire course of study, the individual
gains ranged from 10 to 25 pounds. At the termination, the
dogs were autopsied and examined for lesions, particularly
at the sites of injection.

The anticoagulant used in collecting blood semples was
7.5 per cent potassium oxalete; two drops¥ of this solution
#A commercial eye dropper was used. The delivery end had

a dlameter equal to the No. 16 opening on U. S. Standerd
Gauge for Sheet and Plate Iron and Steel N. 283.
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was used to each 5 cc. of blood.



RESULTS AI'D DISCUSSION

The problem of immedliate importance was to deter-
mine if the amount of antlicoagulant used (potassium
oxalate) had any effect on inhibiting the growth of B.
subtilis, the test organism. It was also thought to be
of interest to determine the amount necessary to stop the
growth of the organism. This was accomplished in the follow-
ing manner: Flve series of ten tubes each were set up. To
each was aedded 0.5 cc. of B. subtilis inoculated yeast
beef broth. Serlal dilutions were then prepsred using
0.5 cc. amounts of aqueous solutions containing verious
quantities of 7.5 per cent potassium oxalate. The results

of this experiment sre presented in Table I.

Table I. BACTIRIOSTATIC EFMECT OF POT~SSIUL OXALATE ON

B. SUBTILIS.

Amount of
Potassium Oxalate Tubes
Added

1l drop

2 drops

vy W W |

5 drops

g YW W W [
9 YW YW W |W
‘o YW YW WOk
v v v W O
v Y ™M W |O
9 W™ w o |2
9 W™ W W |©
‘g W ™ W [©
‘v w W M

10 drops

= no growth
P growth with pellicle formation



It was found ths«t approximately an equel amount of
anticoagulant, 7.5 per cent potassium oxalate, could be add-
ed before inhibilting the growth of B. subtilis. Since
only two drops were added per 5 cc. of blood in drawing
blood samples, its inhibitory action was considered insig-
nificant.

Another problem of immedizte importance vias to de-
termine if the blood of any of the dogs had an inhibltory

factor egalnst B. Subtilis as this would influence the in-

terpretetion of results. 4n inhlbltory factor in human
blood sera was found to be quite varlable. Chandler, Price
and Randall (1945) reported that 40 per cent of the patients
examined carried this factor, Buggs et al (1946) reported
85.7 per cent and Hoffman (1946) reported less than 1 per
cent. The possible significance of this factor in the pre-
sent study was determined in the following manner: A
series of 4 tubes was set up for each dog. One-half cce.

of yeast beef broth was added to the third and fourth

tube of each series. One cc. of serum was added to the
first tube, 0.5 cc. to the second tube, 0.5 cc. to the
third tube and serially diluted through the fourth tube.
One and one-haif cce of a 1:100 dilution of the test organ-
ism in yeast beef broth was added to all tubes; then in-
cubated at 37° ¢ for 18 hours. The blood plasma of all
dogz used in this experiment was checked at different in-
tervals throughout the course of study using the above pro-
cedure. The results of the initial, midway and fi-

nal check are shown in Table II. Tube 1 represents a serum



dilution of 1l:2.5, tube 2 a dilution of l:4, tube 3 a
dilution of 1:8 and tube 4 a dilution of 1l:16.

Table IXI. EVIDENCE OF IKHIBITORY FACTOR Il DOG SERA
AGAINST B. SUBTILIS.

Feb./46 Test June/46 Test Jan./47 Test

Dog No. Tubes Tubes Tubes
12 3 4 1 2 3 4 1 2 3 4
100 G P P P - P P P P P P P
200 P P P P - P P P P P P P
300 P P P P ‘G P P P P P P P
400 G P P P - G P P G G P P
500 G P P P - P P P P P P P
600 G P P P G G P P G P P P
700 G G P P G G P P
800 G P P P G G P P P P P P
900 G P P P - P P P P P P P
000 G G P P - P P P G @ P P
100 G P P P G G P P G P P P
BOO G P P P - G P P G & P P

P growth with typical pellicle formation
G flocculent growth without pellicle formation
- no growth
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These data agree with that reported by Chendler,

Price and Randall (1945) in that the inhibitory substance
was both variable and transitory in a given individual. In
all the dogs the l:4 dilution of serum showed growth,
either typical pellicle formation or flocculent type. In
the actual testing for the blood serum concentration of
penicillin a sufficient number of hourly blood samples

were drawn so that in every case the study was carried for-
ward far enough to show growth in the 1l:4 dilution tuve.
Thus each series of samples on an individual acted es =
check on the presence or absence of the inhibitory factor
even though a sample was not drawn specifically for this
purpose prior to injecting the penicillin. The number of
animals used in thls experiment was too small to draw

any conclusions, however, this group of dogs at no time
carried the inhibitory factor in sufficlent concentration
to Interfere with the method used for estimating penicillin
levels in body fluids.

The first objectlive in this study was to compare
penicillin blood plesma levels following a single injection
of a fixed unitage of penicillin glven by the different
routes of administration, namely: Iintravenously, intra-
peritoneally, intramuscularly, and subcutaneocusly. One-
thousand units per pound of body weight was cecided upon
as the trial dossage.

Five per cent dextrose was used as the vehicle since

Armstrong, Halpern and Cutting (1945) concluded from their



experiments that 1t was equelly efficient or more so than
other vehlcles tested in sustaining penicillin levels in the
blood sera. The test solution was made up so that each cce
contained 10,000 units of penicillin.

In the series of trials using the intravenous route
the penicillin was injected Into the left radial vein. 1In
5 minutes the first blood s-mple (5 to 7 cc.) was drawn
from the right radial vein. Blood samples were then taken
at half-hour intervals for the next three hours. Beginning
with the first sample drawn, blood was taken at hourly in-
tervals and checked for red and white cell counts, hemoglobin
content, and leukocyte differential counts, to determine if
penicillin had any effect on altering these in the normal
healthy animal,

In the series of trials using the intraperitoneal,
intramuscular, and subcutaneous routes blood samples were
drawn one-half hour following the injection, and then at
hourly intervals. 1In these three serles of studies samples
were teken at the beginning and end of each individual tri-
al to determine the effects of penicillin on the blood
plcture.

Intraperitoneal injections were made in the lateral
abdominal region. The subcutaneous injectlons were made
in the nuchal région approximately on the midline. This
location was chosen as it is readily accessible and caused

least discomfort to the patient, particularly when a 24
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gauge needle was used. Intramuscular injections were made
in the posterior portion of the external femoral region
about midway between the stifle and hip joint. The needle
was inserted deep Into the muscle, usually about 3/4 of

an inch.

Four dogswwere used in the series injected intra-
venously - 601, 201, 101 and 701l; four in the intraperi-
toneal - 103, 203, 301 and 403; eight in the subcutaneous -

901, 001, 502, BO2, 801, 002, 902 and BO3; and four in the
intramuscular - LOl, BOl, 102 and 202. Tables III to XXII
inclusive.

As the penicillin was introduced directly into the
circulatory system when given intravenously it was found
almost immediately.at : concentration of 4 to 8 units per
cce. of blood plasma. The concentrstion was found to fall
quite rapidly so that after 30 minutes it ranged between
0.5 and 1 unit in the four dogs tested. From this point
on the drop was more gradual, disappeering below measurable
levels in 2 to 2.5 hours. |

The intraperitoneal, subcutaneous and intramuscular
penicillin blood plasma levels compared very closely with
each other both in regard to the concentration reached at
30 minutes, and to the gradual drop in concentration from
this point until the penicillin was no longer measursble,
which in each case was between 3.5 and 4.5 hours.

The highest concentration at 30 mlnutes was shown

by the intraperitoneal route; this ranged between 0.5 and



2 units. The subcutaneous was lowest, ranging between 0.125
and 1 unit, and the intramuscular ranged between 0.5 and 1
unit. At 1.5 hours the intraperitoneal arnd intramuscular
levels ranged between 0.06 and 0.5 units, while the subcu-
taneous ranged between 0.125 and 0.5 units. it 2.5 hours
the intreperitoneal route levels ranged at 0.03 and 0.25
units, while the subcutaneous and intremuscular held at
0.03 to 0.125 units. The measurable levels of penicilllin
on all three routes disappeared between 3.5 and 4.5 hours,
however, seven out of eight dogs still had a level of 0.015
units or higher at 3.5 hours when penicillin was adminis-
tered by the subcutaneous route while two out of four sus-
tained this level by the intraperitoneal route and three
out of four by the intramuscular route.

Graph 1 shows the average penlcillin blood plasma
level curves for each of the four routes of injection.
When these curves on canines were compared with curves on
human penici1llin blood plasma levels (Fleming et al, 1944,
end Hoffman, 1946) following single injections ¢f penicilli
made by different routes of injectlion, they were found to
be quite st milar,

From a clinlcal standpoint the primary interest was
(1) to determine the route which was most convenient for
administration and (2) to determine the route or routes
which were equally effective or advantageous in maintain-

ing effective penicillin plasma levels.
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After analyzing the results of the four routes of
injection, the subcuteneous and intramuscular routes of
administration seemed to more nearly meet the clinical
qualifications required. The intravenous route was tem-
porarily discarded because of occasional difficulty in
administration and primarily because of poorly sustained
vlood plasma levels. The intraperitoneal route, &l though
equally effective in sustaining blood plasma levels, was
considered less practical because of necessary additional
restraint of the dog on administration.

The next series of experiments were to determine
the penicillin blood plasma levels using si ngle injections
of vaeious dosages per pound of body weight (250, 500
and 1,000 units) and giving the penicillin either intramus-
cularly or subcutaneously. The vehicle used in this seriles
was8 5 per cent dextrose in physiological saline. Studies
on the blood picture were continued.

In the Intramuscular series the following dogs
were used:

1000 units per 1lb. body weight - LO4, 604, 305 and 107.
500 units per 1lb. body weight - BO4, 802, 803 and 004.
250 units per 1lb. body weight = 503, 602, LO2 and 603.

Tables XXIII to XXXIV inclusive.

In the subcutaneous series the following dogs were
used:

1000 units per 1lb. body weight - 603, 905, 904 and 504.
500 units per 1lb. body weight - 405, 205, 104, 204, 302



and 404.
250 units per lb. body weight - 903, 003, 303 and 10S5.
Tables XXV to XLVIII inclusive.

Graph II shows the average penicillin blood plasma
level curves for different dosages administered by the in-
tramuscular route of injection. Graph III shows the same
for the subcutaneous route of injection.

The penlicillin blood plasma level curves were found
to be quite regular. The height and maintenance of the
penicillin concentrations were also found to be directly
related to dosage administered. When penicillin was ad-
ministered by the intramusculaer route of injection the 30
minute plasma level for 1000 units per pound of body weight
was 2 to 4 units, 500 units resulted in a level of 2
units and 250 units in a level of 0.25 to 0.5 units. In
all cases the drop in blood concentration was quite re-
gular and gradual. With 1000 units per pound of body welight,
values dropped below the measurable level at 3.5 to 4.5
hours, with 500 units at 3.5 hours andd with 250 units at
2.5 to 3.5 hours.

Various dosages given by the subcuataneous route re=-
sulted in blood plasma levels which were found to corre-
late very closely with those obtained by the intramuscular
routes At 30 minutes, 1000 units per pound of body weight
resulted in a blood level of 4 units, 500 units per pound
resulted in a level of 2 units and 250 units per pound re-

sulted in a level of 0.5 to 1 unit. From this point the
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decline in penicillin blood plasma level wes gradual, drop-
ping below a measurable level at 4.5 to 5.5 hours when the
dosage was 1000 units per pound, 3.5 to 4.5 hours when the
dosage was 500 units per pound, and 2.5 to 3.5 hours when
the dosage was 250 units per pound.

This study of subcutaneous vs, intramuscular penil-
cillin injections at various dosages corresponds to those
reported on human patients by Fleming et al (1944) and
Hoffman (1946).

The same brand of penicillin was used throughout
the course of this study, also different lots of the pro-
duct were used as they arrived. The first study, compar-
ing the various routes of injection, was begun February
21, 1946 and completed June 13, 1946. The study comparing
various dosages glven either intramuscularly or subcutan-
eously was begun July 6, 1946 and completed November 26,
1946. Comparison of the results obtained from these two
studies on the penicillin blood plasma concentrations for
the subcutaneous and intramuscular routes revealed two
distinct points. One point was that much higher penicillin
blood plasma levels were obtalned from penicillin injec-
tions studied after July 6, 1946, the other point was
that the measurable levels persisted for a longer period
of time.

These observations fell in line with a joint state-
ment reported by the Committee on Medical Research, The

United States Health Service, and The Food end Drug Admine-
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istration (1946) on the changing character of penicillin.
They brought out the fact that commerclal penicillin may
vary from time to time in the relative content of the
various penicillins sad that in recent months some com-
merclal penicillins have contained a substantial propor-~
tion of penicillin K. Eagle and Musselman (1946) in ex-
perimenting with rabbits found that penicillin K disappears
from the blood far more rapidly than do other penicillins,
thus resulting in a lower initial penicillin blood plasma
level and also a shorter measurable level. The joint
statement on the changing character of penicillin also
pointed out that factors responsible for the apparent de-
crease in efficacy of commercial penicillin are under in-
tensive study and that practical steps to meet the diffi-
culty are in progress by industrial producers,

The two vehicles for delaying absorption of penicil-
lin which were receiving most publicity at the time of
this study were water-in-oil emulsions and oil and wax
suspensions. Since very few data have been published on
the penicillin levels in dogs following the injection of
penicillin in these two vehicles 1t was declded to com-
pare their delaying effect with that of 5 per cent dex-
trose in physiological saline as a vehicle.

Two emulsion vehicles were used; one was hydrogenat-

ed vegetable o1l (Spry™); the other was a product containe

*Manufactured by Lever Brothers Co., Cambridge, lass,
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decline in penicillin blood plasma level wes gradual, drop-
ping below a measurable level at 4.5 to 5.5 hours when the
dosage was 1000 units per pound, 3.5 to 4.5 hours when the
dosage was 500 units per pound, and 2.5 to 3.5 hours when

the dosage was 250 units per pound.

This study of subcutaneous vs. intramuscular peni-
¢illin injections at various dosages corresponds to those
reported on human patients by Fleming et al (1944) and
Hoffman (1946).

The same brand of penicillin was used throughout
the course of this study, also different lots of the pro-
duct were used as they arrived. The first study, compar-
ing the various routes of injection, was begun February
21, 1946 and completed June 13, 1946. The study comparing
various dosages given either intramuscularly or subcukan-
eously was begun July 6, 1946 and completed November 26,
1946. Comparison of the results obtalned from these two
studies on the penicillin blood plasma concentrations for
the subcutaneous and intramuscular routes revealed two
distinct points. One point was that much higher penicillin
blood plasma levels were obtalned from penicillin injec-
tions studied after July 6, 1946, the other polnt was
that the measurable levels persisted for a longer period
of time.

These observations fell in line with a joint state-
ment reported by the Committee on Medical Research, The
United States Health Service, and The Food and Drug Admin-



istration (1946) on the changing character of penicillin.
They brought out the fact that commercial penicillin may
vary from time to time in the relative content of the
various penicillins and that in recent months some com-
merclal penicillins have contained a substantial propor-
tion of penicillin K. Eagle and Musselman (1946) in ex-
perimenting with rabbits found that penicillin K disappears
from the blood far more rapidly than do other penicillins,
thus resulting in a lower initial penicillin blood plasma
level and also a shorter measurable level. The joint
statement on the changing character of penicillin also
pointed out that factors responsible for the apparent de-
crease in efficacy of commercial penicillin are under in-
tensive study and that practical steps to meet the diffi-
culty are in progress by industrial producers.

The two vehlcles for delaylng absorption of penicil-
lin which were receiving most publicity at the time of
this study were water-in-oll emulsions and oll and wax
suspensions. Since very few data have been published on
the penicillin levels in dogs following the injection of
penicillin in these two vehicles it was declided to com-
pare thelr delaying effect with that of 5 per cent dex-
trose in physiological sallne as a vehicle.

Two emulsion vehlicles were used; one was hydrogenat-

ed vegetable oil (Spry*); the other was a product containe

#Manufactured by Lever Brothers Co., Cambrldge, Mass,



ing wax and lenolin in peanut 011¥. The emulsions were
prepared as reported by Freund and Thompson (1945). The
oil and wax suspenslon used was prepared according to
Romansky's Formula contalning potassium penicillin,

Single injections of 1,000 units of penicillin per
pound of body welght were used as the trial dosage. A
limited number of trisls were also made using 2,000 units
per pound of boldy weight to see if a more favorable level
was sustalined at a higher dosage. The subcutaneous route
of injection was used as it was the easiest route of ad-
ministration, least objected to by any of the dogs, and
since it was found to be equally effective (when compared
with the other routes of administration using S5 per cent
dextrose in physiologlical saline as a vehicle - Tables III
to XXII inclusive) in sustaining penicillin blood plasma
levels.

The following dogs were used in studying the delaying
action of a product containing wex and lsnolin in peanut
0il as an emulsion vehicle: '

1000 units per 1lb, body weilght - LO5, 605, 408, 007, BO6
and 304.

2000 unlts per lb. body weight - 406 and 005.

Tables XLIX to LVI incluslve.

The following dogs were used in studylng the delay-

*Exact compos ition unknown.



ing action of Romansky's Formula containing potassium

penicillin the following dogs were used:

1000 units per lb. body weight - 805, 206, 407, 006, 306,
208, 108 and 409.

Tables LXV to LXXII inclusive.

Graph IV shows the average penicillin blood plasma
level curves for 1000 and 2000 units per pound of body
welght when administered in an emulsion using hydrogenated
vegetable o0ll as the vehlicle. Graph V shows the same
using a product containing wax and lanolin iIn peanut oil
as the vehicle. The average penlcillin blood plasma level
curve obtained when a single injection of 1000 units per
pound of body weight in Romansky's Formula is shown in
Graph VI. Graph VI also shows plasma penicillin concene
trations after single subcuataneous injections of 1000

units per pound of body weight in the 4 vehicles studied.
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The penicillin blood plasma levels obtained from a
single injection of 1000 units per pound of body weight
of penicillin in elther hydrogenated vegetable o0il emulsion
or a wax, lanolin and oil emulsion compared very closely.
Both resulted in a plasma concentration with a range of 2
to 4 units per cc. of blood at 30 minutes, then declined
gradually, dropping below & measurable level at 4.5 to
5.5 hours. When a dosage of 2000 units per pound was used
the penicillin concentrations obtained from using the two
emulsion vehicles also compared favorably, hoWever, only
two trials were run on each vehlcle at this dosage.

In the eight trials on Romansky's Formula given sub-
cutaneously at 1000 unlts per pound the penicillin plasma
concentration ranged between 2 and 4 units at 30 minutes.
From this point on the decline was gradual, values drop=-
ping below a measurable level at 7.5 hours for 5 of the 8
dogse. Of the three remaining one dropped below the measur-
able level at 9.5 hours, another dropped below at 7.5 hours,
showed a level of 0.03 unlits at 8.5 hours then dropped be=-
low at 9.5 hours, the third dropped below at 8.5 hours,
showed a level of 0.03 units at 9.5 hours, then dropped
below at 10.5 hours. This irregularity of absorption was
noted by Kirby et al (1945) in humen patients who maintain-
ed assayable levels for a longer period of time.

In deleying the absorption of penicillin the oil
and wax suspension of penicillin was found to be superior

to the water-in-oi} emulsion. The suspension given at the
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rate of 1000 units per pound meintained a level of 0.03
units or better for 6.5 hours while the emulsion was
found to malntain this level for only 3.5 hours. Vhen
2000 units per pound was adminlstered in either of the
emulsions used a level of 0.03 units per cc. was sustain-
ed 55 to 7.5 hours. Vhen compared to 5 per cent dextrose
In physiologlcal saline as a vehicle, neither of the emul-
slons was found to possess any advantage over the former
vehlcle in delaying absorption of penicillin,

During the course of these experiments one opportun-
1ty (Dog No. BO5 - Table LXXIII) was presented to study
the transmission of penicillin to the amnlotic fluld and
fetal blood following an injection of penicillin into the
pregnant bitch. Two-thousand units per pound of body
welght was given in water-in-oil emulsion and administered
by the subcutaneous route. Hourly blood samples were
drawn from the bitch. Four hours after the initial in-
Jection of penicillin, the bitch was given ether anesthesila
and the young were removed by caesarian section. Samples
of the emniotic fluld and blood were taken from each of
the first five pupples as they were removed from the uter=-
us. The last two pupples were kept and not sacrificed for
blood samples, however, samples were taken of the amnlotic
fluid.

No evidence of toxiclity was observed either in the

bitch or in the two pupples that were saved as all three
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made an uneventful recovery and the two pupples grew
normally.

The mother's penicillin blood plasma concentration
at one hour following injectlon of penicillin was 2 units
per cc. At four hours, when the caesarlan section operatiuan
was begun, her level was 0.5 units, dropping below a meas=-
urable level at 8 hours. The amniotic fluid from 6 out
of the 7 amnions had a penicillin concentration of 0,06
units. Blood plasma from 3 of the 5 pupples checked had
a penlcillin blood plasma concentration of 0.06 units.

Seventy-one penicillin trials were run during the
course of this experiment. In 70 of these, blood samples
were taken at the beginning and end of each individuel
trial and checked for red and white cell counts and hemoglo-
bin content. Differential leukocyte counts were made on
67 of the dogs, 1n three cases the slides were too poorly
stalned for accurate countinge.

The gre-test difference between the initial and final
count in any one trial was 890,000 red blood cells per cu.
mme., 2,350 white blood cells per cu. mm. and 1.0 gram of
hemoglobine. On the differentlal counts, in any one given
trial, the largest difference between initial and final
counts on eosinophlles was 6 cells, neutrophiles 12 cells,
lymphocytes 7 cells and monocytes 8 cells.

Todd and Sanford (1943) state that "Since twice the
Standard Deviation is the usually accepted limits of signi-

ficance, the error of a single estimate of the erythrocyte



- 122 -

count was given by them as Z 16 per cent". The difference
between the initial and final erythrocyte counts in each
case was found to be less than the "normal" error allowablee
Each trlal was further tabulated to find out if there
was a trend towards lowering or raising of the cellulsr
constltuents or hemoglobin content following a single

injectlion of penicillin. Results of this tabulation are
shown in Table LXXIV.

Table LXXIV. BLOOD PICTURE FOLLOV/ING A SINGLE INJECTION
OF PENICILLIN COIMPARED VITH THE INITIAL
BLOOD PICTURE.

No. of Showing Showing Trials Showing

Test Trials Decrease Increase Identical Results
We Be Co 70 31 36 S
R. B. C. 70 39 29 1
Hemoglobin 70 35 30 5
% Eosinophiles 67 28 35 4
% Basophiles 67 5 5 57
% Neutriphiles 67 35 27 - 5
% Lymphocytes 67 27 34 6
% Monocytes 67 26 31 10

The results revealed no observable trends as the
number of trials showing an increase approximately balanc-

ed with those showing a decrease. Since the difference bet
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tween the initial and final results in each trial was

found to be more or less within the normal error and since
there was no trend toward raising or lowering, a single
Injection of penicillin was thought to have no immediate
effect (within 3 to 12 hours) on altering red and white

cell counts, differential counts or hemoglobin content in
the normal healthy dog. The range of blood constituents

in all trials was found to be within the normal variations
reported by Coffin (1945), Malkamus (1944) and Boddie (1946).

The subcutaneous route of injection was found to be
the one of choice for ease of administration. None of the
dogs objected to this route when a 24 gauge needle was used.
Slight objection was registered by a few of the dogs when
the 17 gauge needle was used for injection of the oll and
wax emulsions and suspensions. Objectlion here was to the
insertion of the needle and not to the deposition of the
penicillin and vehlicle. All dogs objected to the intra-
muscular and intraperitoneal iInjectlionse. Intravenous ine
jections were well tolerated.

None of the dogs exhiblted any local or systemic
reactions following the injection of penicillin, regard-
less of the vehicle used.

All dogs were sacrificed for autopsy at the term-
ination of the experiment. Examinations of the sites of
injection revealed no macroscoplc lesions in any of the

animals.
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SUMMARY AND CONCLUSIONS

Published experimental data obtained by the adminis=-
tration of penicillin in dogs using the various injectable
routes, different dosages and vehicles were found to be
quite limited. Data on blood cell counts and hemoglobin
content following administration of penicillin were also
limited,

The vehicles used in thls experiment were: 5 per
cent dextrose in physiological saline, two water-in-oll
emulsions (hydrogenated vegetable oil, wax and lanolin
in peanut o0il) and Romansky's rormula.

The dogs exhibited the least objection to injectlons
by the subcutaneous and intravenous routes and most ob-
jection to those by the intramuscular and intraperitoneal
routes when penicillin was administered. Following a
single Injection of 1000 units per pound of body weight
in a vehicle consisting of 5 per cent dextrose in physio-
logicalsaline the penicillin blood plasma concentration
was found to be approximately the same for all four routes
of injection at 30 minutes, however,the penicillin level
of 0.03 units or better was maintzined approximately
twice as long when the sucutaneous, intramuscular, and
intraperitoneal routs were used as compared to the in-
travenous route.

Penicillin blood plasma levels following the admin-

istration of various doses (250, 500 and 1000 units per 1lb.)
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in 5 per cent dextrose and physiological saline glven
Intramuscularly and subcutaneously were studied. In this
series of trials the resulting levels following subcutaneous
administration were found to be slightly superior to those
following intramuscular administration both in concentra-
tions and prolongation of the plasmg levels. A concentrat-
ion of 0,03 units or better was found to be malntained an
average of 4 hours following & single injection of 1000
units per pound, 3.5 hours following 500 units per pound
and 2.25 hours follbwing 250 units per pound.

Five per cent dextrose in physiological saline was
found to be equal or slightly superlor to the water-in-oil
vehicles in maeintaining penicillin plasma levels. Romansky's
Formula was found to excell the above vehicles, as a level
of 0.03 units or better were maintained in all cases at
least 6.5 hours following a subcutaneous injection of 1000
units per pound.

A change 1In the character of penicillin was noted,
as that used after the middle of June 1946 gave rise to a
higher level and maintained a measurable level somewhat
longere

No local or systemic reactions were noted following
the injection of the various penicillin preparations used
In this experiment. Studies on the blood picture indicate
that single injections of penicillin In dosages from 250
to 2000 units per pound of body weight have no immedlate
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effect on altering the red and white cell counts, differen-
tial count or hemoglobin content in the normal healthy doge.
No macroscopic lesions were found at the sites of injection

on autopsy of the dogs at the termination of the experiment.
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