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INTRODUCTION

Purpose and Seope of the Exporiment.

The drug feedinzs carried out during this two and one-
half year experiment were organized for the purpose of emphasizing
the factor of time rather than the mmount of drug, in detormining
the possible effects of some ¢commonly used drugs on the normsl
animal, The usual procedure is to give large or even heroic doses,
singly, or over a short period of time, in an attempt to determine
the effect or effects on the animal of drugs being investigated.
Instances will bve cited from the literature where dosez many tines
8 comparable human dose have bLeen administered to test snimsls,
conclusions as {0 the pharmacologicul action of the drugz being drawn
from the results obtuained from such medication.

In the investigzations to be presented herein, dosagses
comparable to0 human usage have been adminlistered orally to normal
onimals which have been kept, as far as possible, in a. constant
normal environment with respect to food, housing, temperature,
ventilation and general care., The test =znd control enimals have
been under almost constant observation throughout the life c¢yele.
An exhaustive study of the literature revecls no precedent for this
type of investigation. Sollman et. al.l have studled the effects
of various alcohols for an aver:ge of twenty weeks, and growth
curves for white rats are presented by the authors for sixty weeks,

Hothing haa been found, however, which presents life e¢ycle changes
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even for normal untreated animzls.

Choice of Animals,

Only the Wistsar strain of albino rat was used for these
drug feeding experiments. Six pairs of breeders were obtained from
the Gistar Institute and were mated in our own laboratory, twenty-
one litters being obtained from the original breeding stock. The
largest litter wss seventesn young, the emsllest, aix. There were
seven littors of fourteen and six litters of twelve young. One
female raised thirty young from two succeszive littera. The aversge
litter yield was eleven snd five-tenths young as compared to the
Wistar Institute yield of seven young or less.a

Rats were chosen as test animsls for a number of important
rezsons. The animuls are readily tamed and ensily handled, an
important point when the animals must be handled frequently as they
were in these experiments. A rat colony may he maintained with
reasonabls economy as compared t0 other lsboratory apimels, and large
nunbers of rats may be housed fn spaces which are relatively smzll.
Cleenliness is asn important factor when the colopy must be kept 1in s
building which is largely given over to general university pursuits,
and our rat colony provoked no discomforts in this respect. Perhaps
most importeont of gll is the faet that the diet of ruts resembles very
closely that of man, more so0 than does that of any other experimental
animal, Rats thrive on a diet that is pormal for human consumption,.

4n additional factor favoring the rat as the animal of
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choice for this type of investigation is well explained in the
following paragraphs taken from Greeman and llluhri.zflqg.;£

74 rat of three years is equivalent in age to a man of
ninety years., Both are at the close of the 1life span., The rate
of growth in the rat is thus thirty times as rapid &s in man,
Development in the two forms is in the seme stege when equsl
fractions of thelir life spans are compared.

Thus it is possible to ¥erify or apply directly to man
experimental data obtained on the aldbino rat. Ho other fomm is &t
present sufficlently well known to be utilized in this manner.”

1
S8imilar statements are found elsewhers in the literature,

Housing and Feeding of Animsls,

The snimals were housed in colony cages with twelve com-
partments in each, four on a loevel and three levels high., The com-
partments messure thirty inches deep, sixtesn inches wide and
fourteen inches high. They are covered, except st the back, and
including the bottom, with one-half inch mesh hardware cloth. The
back of each compartment is fitted with & nesting box bullt of wood,
ten inches deep by sixteen inches wide and ten inches high., The
bottom is also hardware cloth. The nesting boxee are readily
detached from the cege thus making it possible to remove &n entire
group of rata from a given compartment without the necessity of

catching the animals individually. A hinged door closes the back of

the nesting box. This arrangement, together with & hinged door in
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front, mzkes the entire compartment essily sccessible. The animals
spent much of the day in the nesting boxes which are thought to
have addéed considerably to their contentment,

Removsble galvanized iron pans benesth the wirs floor
of each compartment sarve to catelh animul and food refuss and meake
frequent cleaning a simple mztter. Each compartment is equipped
with an exercising turntable, ten inches in dismeter, built on a
bicyele hub. These exercisers were in constant use during the
night and served to keep the animals in a healthy physical condition.

The lasboratory housing the colony has = high ceiling and
is well lighted through east snd north windows, though the aninmels
were nover exposed to direct sunlight. The room temperature may bhe
held within two deszrees of 23° centigrade by = no-draft ventilating
system through the use of an automstic shutter installed in & window.
This systen allows for maximum ventilation considering the amount of
heat furnished {o the ladboratory. HNo attempt wes made to control the
room temperaturs when the outside temperature wns stove 232 centi-
grade. However, the laboratory wus well ventilated during such periods
by an eighteen inch exhaust fan.

A1l animsls in tho colony were fed a cooked ratfon which
was prepsred and seasoned zs recommended by Greemman apd Duhring.a
The food was cooked in a large en=moled dishpan on a stesm kettle,
Food was cocked every other day during cold weather and daily during
warm or hot westher. The animsls were not fed the ssme mixture of

cooked food for more than two days in succession since experience has
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shown that a veriety of food elements and combinations ie neces~
sary if a colony is to thrive as it should.

The following vegetables and grains made up the menu, at
lezst two of esch being used in each cooked mixbure, -~ cunned peas,
tomatoses, beans; fresh string beans, carrots, cabbzge, cauliflower,
onions, beets, spinuch; cracked corn, whole wheat, wheat mesl, whole
oats, rolled oats, Conned salmon, hamburger and mest stock were
alternazted in the cooked mixtures.

The cooked food was fed to groupe in one-hslf pound oint-
ment jars with a two-inch round hole cut in the cover, The jars
were clamped into six inch ple tins to avold upseiting. The pans
also caught much of the food dragzed out of the fars during feeding,
thus eliminating some of the losz,

The ocoked ration was supplementoed with Purins Fox Chow
which was kept in the eazge at ell times, and which gerved as extra
food supply if the guantity of cooked food proved insufficient, The
outer leaves of head lettuce obtained from the local cafeterim wore
fed to the snimsls dsily, Milk containing one minim of cod-liver oil
per rat was fed twice daily., Butter aznd raw egg were fed with the
milk twilce weekly, = guarter of a pound of butter end four egzs being
Btirred into the warmed milk with an electric mixer. Once ecach week
the animals were fed what is comnonly cualled dog bone, waste obtained
from locnl mest markets, cooked on the steam kettle, Cuttlebone wss
also supplied for the purpose of maintaining a heslthy tooth condition.

2
Greenman and Duhring deascribe a faulty dentition occzslonally
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occurring in rats, resulting in an excessive and rapid growth of
incisor $eoth and requiring ramoval of n part of the ftooth with
bone forceps. Ko sbnommalities of this sort have been noted in our
colony of 200 fullegrown animsls.

Each compartment was fitted with the usual type of ipe
verted water bottle, Two-hundred-forty ¢.c. oll specimen bottles

were found to serve this vurpose satisfactorily.

Formztion of Test zand Contrel Groups.

Only the largest of twenty-one litiers ware used for the
drug feedings, the choice being based on the #ge end the number of
nales or females per litter., No littsrs were ussd which did not contuin
at least six moles or six femsles. Seversl litters contained twelve
males, while nine wns the largest number of females in any litter. The
nales or females in a given litter were teken from the mother when
twenty~-five days of age and were divided, reapectively, into three to
five groups on a basis of weight. Enough litters were split in this
manner to produce at least three groups coptaining an aversge of nine
rats each, one group to be used as controls and the others for drug
feedings. Each group contained rats from at least three litters, age
variations between animals in test and control groups bsing not more
than ten days. Animals were marked for litter and group record by
notches in the surs. Table I lists the groups formed in this manner.

This method of eplitting litters reduced greatly the number of control



groups reguired.

Properties and Source of Drugs Iovestignted,

Thirteen comrmonly used druge were sdministersd to slbino
rats during this two snd ome-hulf year fesding period. Sodium
phérobarbital, aspirin and caffeine ware fed to both males and females,
Sodium barbitsl, sodiun amytal, phonscetin, cincophen, acetanilid and
phenophthalein were fed to males only, snd sodium alurate, sllonal,
sminopyrine and antipyrine to femules only.

One group of males ecilled the "ALL" Group was given sodium
barbital as a representative of the barbiturate drugs, together vith
euch of the non-barbiturates used and listed sbove, Tho "AY1™ Group
therefore received sodium barbital, sspirin, caffeine, phenacetin,
cincophen, acetanilid, phenolphthalein, eminopyrine and antipyrine, a
total of aine drugs, in exnctly the ssme dosege given the groups
receiving just ons of the drugs. The drugs esnd doses administered
to thoe "AlLl" CGroup sre underscored in Table I.

A brief discusasion of the drugs invesiigated follows, much
of the material being taken from Pharmocotherapeutics4 and the
E@itome.E The structural formula of each drug, with the exception of
allonal, is presented on pages 8 end 9.

Caffeine, trimethylxanthine, is marketed as white silky
needles. It is an alkaloid obtained from coffee and is used as a

diuretic and as a cardiac, rsspiratory snd psychic stimulant. I% is

used as a stimulant in poisoning by narcotie drugs, and with other
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analgesics for the relief of headache. Fatal casss of acubte
poisoning in man are apparently unknown but the fatal dose is probobly
above ten grums.4 The average officisl doge is three grains., A cup
of ressoncbly strong coffee contains zbout two grains of caffeine and
therefore many individuals %ake saveral times the official dose of
the drug daily.

hspirinm, officimlly known as acetlysalicylic acid, is a
white, odorless chemiosl occurring in crystalline or powdered fomm.
Ite action ressmbles that of the szlliovlutes. It 18 used as mn antie~
pyretic, analgesic, and antirheumatic, and espaelally for the relief
of headache, It sometimes causes urticaria end dangerous acute
edema of the respiratory passages (in hum,ans).5 The average dose for
adults is five grains, usually tsken in tublet form. However, fifteen
grains ig not an uncommon dose znd the writer hus known of individuals
who have taken as high as forty-five grains in one dsay. H&nzlik4
reports 120 grains per day as the toxic dose for humans. The early
signs of overdosage from zapirin or from related salicylic acid
derivatives are nausea, vomiting and sometimes diarrhea, hezdache,
ringing in the ears or deafness, or mental excitement.4 Very large
doses produce waskness of the hesrt, deprassion of the respiratory and
vasoconatrictor centers, and collapse. Albumin and easts ars free
quently found in the urine following excescive madication.4

Acetanilid, monoacetyleniline, so0ld undsr the trade name of

Antifebrin, is a white, odorleas, cryatalline or powdered chemical,

It 18 analgesic, antipyretic, nnd in excessive doses, a cardisc
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depressant. It is used pariicularly to relieve headsche and
neurnlgic pains, Its indiscriminate use in headsche powders is
dangernus.4

The acutely fatal dose in man cunnot be stated with
certainty, but dissgreeazble symptoms are likely to result from doses
larger than four grains in afebrile persons and from even helf this
emount when there is fever. Chronic poisoning is mueh more common
than acute poisoning and results either from repested use of the
drug internally or from continued use as & dusting powder, as in the
trestment of chronice leg ulesr. Sywotoms of overdossge aro weckness,
shortness of breath, hot flashes over the body, swoating and mental
depression. Digestion is not usually impaired's The average dose
for an aduld is three grains.

Phenacetin, officially known as ccetophenetidin, is a white,
odorless, slightly bitter chemiecal, occurring as crystals or powder.
It is analgeslie, antipyretic, and in excessive doses, a cardiac
depressant, It hae replaced acetanilid for the relief of headache and
neurslgic pains and in the treatment of nrild fevers, Its relation
to scaetanilid sugzests similar eceution in 1ts use.5

Phenacetin is almost identienl in 1ts action with acetenilid
oxcept that there is less tendency o oyanosis and faintness., Habit
is as readily induced with the drug as with scetanilid., The naxirmum
single dose for humans is sbout eight grains, snd the maximum dajly
dosa 15 about sixty grnins.4 The average official dose is five graina,

Cincophen, phenyleinchonimic zcid, sold under the trade
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nzne of Atophan, is & white, odorless powder with s bitter taste,
It ip anslgeeic and antipyretic and is used especislly in arthritis,.
Long continued uee or overdossge may cause grave symptonms of in-
toxication or even fatal hepatitis.s In medicinsl doses, up to five
or even ten grams daily, c¢incophen usually cesuses no symptonms
whatever.4 The average official dose is eight grains.

Antipyrine, phenyldimethylpyrazolon, comnonly knowsn au
Phenazone, is s white, odorless powdsy, It ia antipyretic and
anazlgesic in effect, similar to acetnnilid., It should be given with
even greater caution than ncetanilid.s The drug is not, however,
as toxic as acetanilid snd reportes of damage due to overdosuge are
rare., A noanal adult can usually tske thirty graine with no further
disturbances than slight sleepiness with a tendency to ohillinecss and
sweating.4 The official aversge dose of antipyrirne ie five grains.

Aminopyrine, dimethylsninophenyldimethylpyrazolon, commonly
known as Pyramidon, ie a colorless or white crystallins substence
closely related to antipyrine, It is an antipyretic and ancdyne,
acting somewhat more slowly than antipyrine, but with & more lasting

effect. Granulocytopenia has followed the use of aminopyrine, and the

adninistration should be stopped if skin eruption, dizziness or chill
occurs.5 In man eight grains causes redness of the face and slight
sweating but usually no other symptoms. The fatsl dose for humans iz
about eight grams,4 The official averagse dose is five grains.

Phenolphthalein 1s a white or nearly white, odorless, testeless
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powder, It is a esthartic of variableo efficacy and may czuse sonme

irritation to the rectum snd lower bowel, It occasionally csuses
5
eruptions on the skin, some of which are quite persistent. The

aversge officizl dose 1s one grain.

Barbital, diethylbarbituric =mcld, Barbitone, Veronsl, is
& white crystalline powder with & slightly bitter taste. The sodium
galt used in these feoding experiments differs from barbitel only
in being very soluble and much more rapld in its action. Sodium
barbital, or soluble barbitul, as it le called officlially, 1s used
a8 a sedative and hypnotic., OSmall doses induce sleep with little
or no other effoot whils toxic doses cause n» fall in temperatura.

It may produce skin eruptions in ecertain indiviﬁuals.ﬁ The fatal
dose of the drug is from eight to ten gresms. Toxle symptoms are
produced with much smeller doses, one gram OT lerss.4 The official
average dosc of sciium barbital is five grainas. The officisl dose
was elght grains when these experiments were started, snd the dosage
Tor rats was Pigursd on thut basis.

Soluble phenoberbital, the sodium szlt of phenobarbital,
phenylethyl berbituric acid, Luminzl, occurs as flaky crystals, white
erystalline grsnules, or a white powder, It has a bitter taste. It
i8 used as a hypnoti¢ in nervous inpsomniz znd conditions of excitement
of tho nervous system, and chiefly as m sedative and antispacmodie 4n
epilepsy., Long continued use, as in epilepsy, ney givesrise to toxie

synptoma of diverse character including askin sruptions. The usual

dose in epilepsy is one to two grains daily, but some neurolglists
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regard from three to four end five-tenths grains dsily as being
within the limitz of Safety.4 The official average dose is five-
tenths grain,

Sodium emytal is an unofficiel barbituric acid derivative,
being sodium isosmylethyl barbiturate. It occurs as fine white
orystuls or powder, It is Council accapted.6 imytel differs from
barbital in that one of the ethyl groups of the latter is replaced
by an isoamyl group in the formsr. The actions and uses rssemble
those of barbital. The suggested scdative dose is one«third to
three-fourths grain, the hypnotic dose one and five-tenths to five
grains.s

Sodium slurate, the sodium s=slt of allylisopropylbarbituric
acid, 18 slso an unofficial compound. It is, however, Council
accepted.6 It differs from barbitel in thet both of the ethyl groups
in the latter are replaced by an sllyl group and an isopropyl group
respectively. The actions and uses of aluriute are esasentially those
of barbital, but aslurate is more active and is used in corrospondingly
smaller doses., The suggested dose for mild cases of insomnia is one
grain, and for obstinate csses, two grains.e

Allonal, an unofficisl compound, is a mixture of alurate
and aminopyrine, free and combined, in the proportion of one and
glxty-aix-hundrede parts of the barbiturate with one part of smino-
pyrine. It is dispensed in tublets containing two and two-thirds

grains each., It i3 a safe hypnotic, analgesic snd sedative, and ia

particularly serviceable in paticnts having affections and disorders



15,
of the nerve system, including psychoses snd paychoneuroses, It
is paid to be Tive timee as active 2s burbital and the dose is
proportional, varying from one to gix tablets in twenty-four hours,
depending upon the severity of the con&ition.4

It is interesting to note that alloma) is the only drug

used in the feeding experiments which has not been acceplted into
flew and Fonofficial Ramediess by the Council on Pharmmacy and
Chemistry of the Amerlieann Medicsl Aasscciation., The product was re-
Jected because of “unwarranted therspeutic c¢lainms, non-deseriptive
name, and lack of satisfactory evidence that the sdministraztion of
ellylisopropylbarbituric acid and amidopyrine in fixed proportions

i
is rational.™

Prug Feedings -- Dogage and Method,

Drug dosage for rats was figured on a basis of the official
or recammendsd average dose for an adult humen. Drug feedinga were
started when the animals had re=ched an age of ten waoks, this period
being marked by A on the growth curvses, From this period to 200 days
of sge, (B on the growth curves), the test groups wers fed doses
equivalent to the average human dose per kilogrem, figuring on a basis
of group weight ns compared to a seventy kilogram adult, A% 200 days
of age the doae wasg doubled, and at 300 days {C on the growth curves)
the original dose was trebled., Cincophen and sodfium barbital were

exceptions to this regular procedure because of the large official
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dose of these drugsy 1t being five~tonths gram for ench in fhe
United Stetes Pharmacopoeia X

The test animels received a daily dose equivalent to the
average sipgle human wdvli dose for 130 daya. Thoy received the
equivalent of a tulce daily dosage schedule for a human zdult for the
next 100 days, nund this scheduls wzs continued throughout the rest
of the feeding period for cincophen and sodium barbital, Drugs other
than cincophen and sodium barbitsl were fed on a thrice dajily human
adult doange schedule durlng the period beyond 300 days, about 400
days for most drugs, The average human dose and rst dosage schedule
por kilogrem of rat for the thirtesn druzs investigated are given in
Table I, The nunber of rate in each group, the feeding period in
weeka, the number of doses per rat, together with the eguivalent
numbey of human doses, are given in Teble II for females, and ia
Tsoble IIXI for males, The average human dose in milligrams per kilo-
grom of body woight and the average of minimal lethal doses found in
the literature for rats, in milligrams per kilogram of body weight,
are also included in the tables,

From age ten weeks to 200 days, the drugs were given as a
sirgle dose in the morning. The druzs were fod in divided domes
night and morning during the rest of tho feeding period.

Druge were fed Yo test groups in milk, The dose for a
given drug was caleulated on 2 basis of weight, the requirsd amount
of drug being thoroughly mixed with milk sugar in g mechanical mizer

end by sieving, and filled into number O gelatin capsules. Each
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capsule was preparsed to contain the daily dose of the group during
the period of the once~daily fecdings, and one-half the daily doss
during the remsinder of the fecding period. A suffielient number
of such capsules were Tidlied %o lust for a two-week peried, at the
end of which new culculations were made on the weight of the group
at that time, a now twoewssk supply belng filled on that basis,

Test groups were fed the drug regularly at eight otclock
each morning during the period of oncee~dnily dosage and at eight
o'clock A.M. and at five o'clock PL.M. after the dally dosge was
divided, A capsule containing the group dose was emptied into a
narrow cylinder containing two c.c. of milk per rat, the contents
being stirred vigorously with 2 hand model malted milk mixers The
drug this preparecd was fed to the group in petri dishes. Controls
ware fed in the same manner, the eapsules contalning, however, only
milk asugar.

This method of drug feeding has been found to be entirsly
satisfactory in every instence. In no case have the asnimale refused
the milk contsining thea drug. All of the anime=ls in a group wore
at the dish when the milk wes poured and remsined there until the
last drop was consumed, Training apd care are undoubtedly important
factors involved in this method of drug administration. The fsedings
were atarted at sn age when Yhe animals were always hungry, appurently
regardless of the amount of food in the cmge. They graduzlly beceme
aware of feeding time bacause of the uoise xade by the mixer, and would

crowd to the front of the cuze end remain there until the milk uwes
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placed ia their dishes. The animals wers completely tamed through
daily hendling and evidenced no signs of fear toward regular attende
anta. They would; however, rstrsut to the-nesting boxes on hearing

the voleea of atrangers.

EXPERIMENTAL EFFECTE OF LIFE CYCLE DRUG AIMINISTRATION.

On General ¥Welfare snd Behavior.
Cafleine,

Caff'eine has been given ornlly to both male and femalo
rats, from the tenth to the ore hundred fifth week for males and to
the one bhundréd twentieth week for femules. The nimbar of enimals
originally present in the control and Yest groupg is given in Tables II
and ITX. The doeage schedule followed is presentad in Table I.

Sollmann 2nd Pilcner,a in studying the zction of caffleine
on the memmalisn e¢irculation, have found that the fatal dosze of
caffeine, when injected into the Temorsl vein, varies merkedly, between
57 and 800 mg., per Eg. of body weight. They have necepted 175 mg, per
Kz, a5 the mean fatnl dose for dogs, cabta and redbbits: Nine milligroms
per kilogram was the maximum dose used during this investigation.

The males on ¢affsine have shown no siznificant varistions
from their controls during the greater part of the fesding period,
l.e., from the tenth to the one hundredth week. No differances in

general hehavior attrivutable to caffeine medication wars noticed;
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although the animale were under almost constant abservation. They
possessed good appetites, but there was no evidence of an increased
desire for foed, There was no recognizaeble incresse in activity
duricg the d=y, the normal rest period for albino rats, ss compared
to their controls.,

However, at about the one hundredth week, decrsases in
both appetite snd activity were obmerved, the anim:ls falling off
rapidly in eppemrsnce and weight. The three animals remaining in the
group at the end of the one hundred fifth week wore nctuelly killed
to keep them from dying, in order that the internal organs =nd blood
could be exzmined.

During thics ssme part of ths feeding poriod, the male
litter mate controls were in good he=lth, gsining thirty groms per
rat while the males on caffeine were losing the same amount,

The caffeine females, in contrast to the caffeine males,
showed an increaxged desire for food early in the experiment. This
was evidenced by the fact that they orowded around the fesding dishes
when the noises normally made at feeding time were duplicated at
off-feeding periods, They would meccept milk at almost eny time of
the day, while it was unususl if their controls could bes nroused
from their nesting boxes by similar experiences., There was, however,
no evidence of an increass in total food consumption. Aktempts were
made to detormine poesible variations in food consumption socurately
but the wasteful tendency of the rat makes such determinations of

little vzalue, in the experience of the author, at leust,
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The females on c¢affeine weres carried through to the one
hundred twentieth week and there was no evidence of delayed toxiocity
during the last severnl weeks =8 there was in the males, The
animsls did, however, lose some welght during the last two wecks.

The females on caffeine were also observed 1o be about
the cage much more during the dsy than were their controls or any
other animale in the colony. They were aleo observed to use the
turntable exerciser much more during the dsy thon did other groups.
This observetion as to incressed activity in the caffeine femules was
proved more conclusively by their actionsg on the maze during maze
learning, total time and travel time being considerably less for
caffeine femules than for other femsle groups run ou the maze,

That there is a sex variation to the effects of caffeine
has been shown by Horst and Willson.g These investigators have
measured the smount of tremor in the index finger of young wen and
women after drinking coffes. They have found that a strong cup of
coffee conteining one and one-half to two grains of c¢sffeine produced
a certzin increase in the smplitude in the tremor in women, but
$hat it took more than twice this amount to produce the szme effect
in nen.

10

Pilcher has adninistered caffeine by stomach tube to
cats in 5, 15, 30, and 60 mg. per Kg. doses, and has found thut doses
between 5 and 30 milligrams produced wskefulness in the animals,

They were also thought to be a little mors irriteble. All animsls

recoiving more than 30 mg. per Kg. were quarrelsome and restless.
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One died four hours after the adninistration of a 30 mg. per Kg.
dose znd anothsr died thirty-five minutes after a 120 mg. per Kg«
dose. A dose of 200 mg. per Eg. produced death in from fifteen to
twenty minutes in &ll of three animelp treated, XNo incrsase in
irritability bas been evident in either the males or females on
caffeine during the feeding period.

Eichler and.ﬁuggell have subjected white rate ‘o chronie
poisoning with caffeine by giving daily doses of 100 mg. per Kg. of
body weight. The animala have been observed through four generations
of interbresding and the suthors stzte that no ill effects, other
than a transient fall in weight occurring just after medication was
begun, have been noted. '

Schulte and Tainterl& have found thot 10 mg. per Kg. of
caffeine sodium benzoste, when administered subcuteneously to rats,
produced the threshold increase in activity. This compsres favorsbly
with the 9 mg. per Kg. doge administered orally during this investi-
gation., These authors alse found that 20 mg. per Kg. of cafleine
sodium benzoate caused larger increases in activity and that 40 mg.
per Eg. produced very marked stimulation., The latter dose killed one
of the ten animals,

The literature ocited stove would seam t0o emphasize the
foct that the doszge used for caffeine during this investigation wae
within the effeoctive range for the drug, and that the sex variations
observed during the experiment were entirely lozicul,

The author is fully aware that it would be unszfe to draw
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any conclusions concerning the effect of caffeine on the length.of
the 1ife span from the meager dats presented hesrein, It is safe to
szy, ‘however, that the litter mates controlling the meles on caffeine
vere in a much better state of heslth than were those that had received
caffeine during the ninety-~five week period. The author is of the
opinion that the controls would have outlived the caffeine males had
the experiment been continued., The controls were kept for three
weeks after the test animels were killed and showed no signs of senility

at the end of the period.

Agpirin.

Many cases of mild and severe poisoningz by aspirin have

been reported in the literature though the dose in most cages has
o
been extremely large. Krassolu states that the toxicity of the drug
depends largely upon the individunl tolerance, that some individuals
show toxic symptome even after 5 grains while others do not renct
after doses as high as 26 grains. Urticaria following the use of
5

aspirin has been reported by n number of invastigatorsl4 0 after
doses of from 5 to 15 grains, Urticaria and angioneurotic edems have
been reported by Maloneyla who attributes the idiosyncrasy to the
phenyl group., The symptoms eppeared also cfter ths use of aminopyrine,
antipyrine, phenacetin, quinine, luminal, allonal and phanocdora,
Krassol7 reports that the ingestion of 30 grains of aespirin during

menstruation produced a very severe intoxication manifssted by thirst,

nausea, vomiting, difficult respiration, tachycardia, fall of blood



pressure and albuminuria.

Greenstedl8 has reported a case, e girl in her eanrly
twsnties, who took twenty~elght tablets containing aspivin, five
powders containing aspirin, and two tablets of allonsl over a period
of seven hours in an effort to relisve s toothache:. The patient
finally resorted to dry hest becsuse the mediceantion had done no geod.
Dykelg hos listed nauses, tinnitus, deafness and mental wandering
ag sympitons occurring after a patient had taken 435 grains of aspirin.

20
Recovery was complete, however. Lipetz hes reported a similar

recovery after the ingestion of 600 grains of aspirin by a forty-cight
¥oar old man who sexperienced s rushing feeling in the head for a
short time, butﬁwas able to work as usual in two days.

Nealaﬂl has listed four deesths resulting from aspirin over-
dosage, It was not known how much one c¢ase had teken, but the other
three had taken 200, 750 and 1000 grains respectively.

Prickman and Buchstein22 have reported sixty-twe cages of
hyperseneitivity to aspirin aznd state that it is the most common form
of drug allergy.

Results obtained from animal experimentation were almost
as contradictory =s reports following human mediocation. Robinson
et &1.23 have administered doses ranging from 22 mg. to 623 mg. per
Kg. of body weight to white ruts varying in age from nine to twenty-
nine weeks, the medication extending over a period of twenty-nine weecks,

They report no effects on general physical condition, growth curves,

appetite, sctivity, coat condition end appenrance of the animals.
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Perfectly normal litters were obtained by mating rzts which had
been receiving lsrze dosss of the drug for twenty-two weeks previously
and throughout pregnanscy. Four animuls recelved doses in the excess
of the beginning lethal range for humans, 280 mg. per Kg. for seven
weeks without observed sffect, Activity, growth, coat condition,
tall and feces were all,ncgmal.

Schnedorf st al...u‘i have found, however, that prolonged dsily
administration of aspirin, one hundred and fifty milligrams per
kilogram twice deily, resulted in digestive disturbences in dogs.
Alteration in nitrogen metsboliem snd a tendency towurd ncidosis anlso
occurred,

25

Lehman has studied the respiratory, inhibitory and paralytic
effects of aspirin in dogs, cats and rabbits. He stutes that ths drug
produced only slight or no direct depressant or paralytic effects on
the central or peripheral reapiratory mechanisms when adninistered in
reasonable doges, Large doses produced circulatory collapse as a
result of cardiac arrest, and respiratory fallure due to asphyxia. The
respiratory parslytic dose for aspirin was stated to be between one
and one and five~tenths gram per kilogram of body weight, the paralysis
resulting in from eight to sixteen minutes,

»

Albrichtuﬁ has compared the apnalgesic effects of aspirin,
aminopyrine, antipyrine and phenacetin. He states that sminopyrine is
undoubtedly the best analgesie, with aspirin next in elfectivenesas,

and antipyrine third. Phenacetin, eccording to this author is the least

effective,
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Brownles hag drawn attention to the neceasity of compar-
ing the antipyretic activity of the coal-tar antipyrstics -~ acetanilid,
sminopyrine, phenacetin, entipyrine and aspirin. e hrg carried out
a nusber of series of comparisons of different doses for each drug by
oral administration to eats and rats. He hag stated the observed
antipyretic potency of thess drugs in terms of phenacetin, Table IV is
token from his work, Brownlea states that 1f phenacetin ig taken as
100, =epirin has a potency of 74, entipyrine 100, aminopyrine 134 and
acetsnilid 170, The toxic doze for rats tskes the following order -«
acetanilid, sminopyrine, phenacetin, aspirin and entipyrine, These
results compare favorably with those reported by Albricht.gs

Ehimamura and Akiraaa have found that aspirin, when given
by stomuch tube to rats, caused stomach ulcers and bleeding., Blesding
alone resultsd from similar medication in mice. Subcutaneous injection
of aspirin produced no changes.

&9 20

Thompson and Dragstedt and Barbour and Porter have re-
ported gastritis and ulceration in dogs following large doses of
aspirin. Barbour and Diekersenzl have produced gastric ulcers in rats
by the edministration of 300 mg. orsl doses of espirin,

Prouthwaits and Lintottaé have found that aspirin is a
gastric irritant (1in humens) and moy cause acute indigestion and
hemorrhege, or, if taken repeatedly, chronie gastritis. ﬁyllias3 has
reported similarly.

Poth male and female ruts have been given aspirin for 108

and 112 weeks respeotively during this investigstion, in doses



6.
agpproximating those used by the hupan =dult (Table I). There has
been no evidence of blood in the feces of either group and the
snimnls have shown no symptoms that would sugpest abdominal disturbe
ances as a result of this madication, The stomachs from seventeen
animals from both groups have heen examined very carefully after
death and no indications of stomach ulcer heve been found., Other
internal orgsns were ulso found to compare favorably with thoge of
the litter mate controls,

Nelther males nor females on aspirin have evidencsd any
variations in appetites or activity as compared to their controls.

A rather marked laxative effect was noticed in both mnles
and femalead on aspirin between the tenth and thirby~fifth weeks of
Tesding, The fecel materisl w:s nore moist and much softer than that
of the controls. It wos also noticeably lighter in color. After
the thirty-fifth week the }saxative effect was no longer evident, but
the color of the feces remained lightor throughout the feeding period.
A positive Balicylate test was obtained from the feces of both male
and females on aspirin at the tenth week of feeding and at irregular
intervale thereafter. The fecal materinl was extrasted with water
and to the filtered liquid was added a small amount of ferric chloride
test solution. A violet color wae conzsiderszd positive for =salicylate,
Feces from the ocontrols gave no such color.

During about this sume perloéd, from the tenth to the
thirty-rifth weeks of Teeding, noisy breauthing was noticeable in both

males and females on aspirin, but it was much more marked in the males.
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Their breathing could be heard without difficulty from any point
in the lsboratory., There wus no evidence of labored breathing and
it seemed to cause little, i1f any, inconveniencs,

Growths identified zs fibroid tumors occurred frejquently
on the espirin females, three of the eight animsls being operated
upon for the removal af such growths, The tumors first appeared
under the skin over the abdominal arews, being soft and without
apparent form in the early stages. After about six wesks the tumer
became firm and almost spherical and was easily peeled out through
a short inclsion through the skin, A aimilar growth occurred on z
litter mate control for the aspirin group, znd on one other female
in an entirely different group., The growths are thought to have no
significance as regards drug sffect although three out of Tive
developed in the sspirin group. Two of those in the aspirin group
appeared on litter mates. The control develosing & growth was not
a litter nate of those upon which growths appesred in the test group.

The aspirin msles were without the drug for three weeks
following the eighty-first week of administration. Withdrawal effacts
were not observed during this period. For this same three week
period, amytel was added to the diet of the aspirin females. There
were only three animals left in the group and amytal was added for
the purpose of determining possible effecta of the combination of
drugs on the blood picture, No untoward symptoms were seen in the

animsls 8s a result of the added amytel.
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Acetanilid,

Acetanilid has undoubtedly been ths subject of more
adverse criticism in the clinical litersturs of the past three
decades thzn any other drug. As early ss 1905 the Council on
Pharmacy and Chemistyy of the American Hedical fAssocization included
in its re'ports34 a warning of the possible dangers accompanying the
use of mixtures conteining acetanilid. The Federzl Food and Drugs

a
Lct of 1906, and amended,us stated "that en article shall be deemed
$o be misbrunded if the packsge fails to besr a stautement on the
label of the quantity or proportion of any alcohol, morphine, opium,
cocaine, heroine, slpha or beta eucaine, chloroform, cannabis
indics, chloral hydrate, or scetsnilid, or any derivative or propare
ation of any such substznces contmined therein."™ The act of 1939,
which displaces the act of 1906, prohibits the inclusion of mcetanilid
in proprietary mixtures.

The moat frequent source of poisoning has hean from ita
indiseriminate use for headache, Of 814 ceses of polsoning reported
by physicians to the United States Department of Agriculturs, according
to a detailed report on the summary of data collacted from 1886 to
1910,36 325 cases or fifty-three per cent, occurred when the drug was
taken without a physictan's prescription.

The usually occurring symptoms of acetanilid are marked and

prolonged cyanosis, great weskness, and loss of welght, prostration,

coldness of extremities, profuse esweating snd feeble, shallow

respiration. Marked restlessness, convulsions and delirium may occur,
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Voriting frequently results and the pupils msy be either dilated
4 5 a7 28 39

or constricted. Lundstein et al., Wright and Montag and
I’ayne&o consider acetunilid to be habit forming.

Helmsﬂ has stated thet his experiments were performed %o
correct tho erroneous impressions concerning the pharmacological
and physiologlcal action of ecetanilid, This author has experimented
with guines pigs, rebbits, and rats, having determined the ninimal
lethal dose for each. The M,L.,D. for guinea pigs and rabbits is
gi%ven as 1500 mg. per Xg. of body weight, and for rats, 2400 mg. per
Xg. All doses were given by stomach tube, Mice, according to this
author, will survive up to 13850 mg. per Kg. of body weight when given
hypodermically, and will toke half thot amount daily in their drinking
vater with no effect other than e delay in growth which is regained
vhen the drug is withdrawn., #Mice given 500 mg. »er Kg. daily for one
month tripled their weight. Helms fod rats from 5 to 10 mg. per Kg.
per day in milk through four genserations and found that the animals
reproduced normally, developed normslly, cared for the young in a
normsl manner, and showed no deviation in morbidity or mortslity from
the average of an ummedicated rat populztion.

To chock the effects of acetanilid clinically, Helma gave
ten adult humans four grains of acetanilid three times deily for a
period of sixteen weeks, Weekly examinations revesled no physical

changes and no changea in the nervous system, hezrt muscle, or basal

metubolism., There was no detectsble effect on kidney function, and

blood chemistry results were normal. There wse no blood cell
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destruction and no methemoglobin formation. There was only e tranei-
tory sffect upen hemopolesis,

Helms sent a questionnaire to 21} hospitals and insti-
tutions in the United Stutes und received replies representing a total
of 25,000,000 admissions over a period of ten years. Total poisoning
from acetanilid were Jive and six-tenths per million, resulting in
sixteen hundredths per million deaths. The figures for the barbiturates
wers, respectively, ten and nine times sa large, and Helms coneludes
thut acetanilid is used in self medicution while the barbiturates are
proscribed by the ?hysician.

Brownleezv (Table IV) has given 24 mg. per Kg. of body welght
as the equivalent therspeutic dose of scetnnilid when edministered
orally to rats, The toxic dose i5 given as 0.82 Gm. per Kg. The
relative esntinyretic potency for rats 1s also given in the table.

Higgins and ﬁc&uiganég have found that white mics could
consunme 325 mg., of acetsnilid per dasy per Kg. of body weizht with no
slgnificant effect on growth or heslth., A daily dose of 650 mg. per
Kz. produced no effect other than a delay in growth. The latier
dosage was continued for six wesks,

Fantus et al.43 have fed acetanilid to white mice as two
Pper cent of the food. The actunl daily dose was 1443 mg. per Kg, of

body weight, None of the animals survived after eleven days. These

authors found that 1life could be prolongsd sbout three times and that
total consumption of drug could be increased about tvwo and one-half

tines by decreasing the daily consumption of =cet milid fifty per cent,
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Smith and Bambourger have reported thet acetanilid
produces litile tolerance and no addiction in monkeys, even sfter
sixty-Tive days of dally administration of 100 to 500 mg. per Kg.
of body weight.
46
Stanton znd Agricola have found that after daily doaes
by stomach tube of 700 mg. per Kg. to rats, no acetanilid was found
in the feces. These authors have administered acetanilid to rats
in gradually increasing doses from 20 mg. per Kg. up to 126 mg. per
Xg+, after which doses were rapidly increased to test tolerunce,

A graduel decresse in irritability wes noted in all groups, but there

was no inceresse in irritability on permanent withdrawzl of the drug.
Thess authors state thst there is 1ittle or no cumulstive effect from
daily administration, and no addiction by dosages one-siztesnth to
one and one-fourth times the minimal offective dose given daily for
pariods up to nine or twelve weeks.

Acetanilid hae been given orally %o male rats for eighty-
8ix weesks during this investigstion. There were six animuls in the
group originally and five survived the feeding period, Doses for the
entire period are given in Table I. It is to be noted that the
maximum daily dose of 9 mg. per Kg. given during ths last 300 days of
Teeding wee well below the minimal effective dose of 12.5 wmg. per Kgz.
of Emith and Hambourgar.-44 Additionsl dets are given in Table III.

The group of rats on acetanilid was unquestionably the
bealthiest group of rats in the colony during the msjor part of the

Teeding period., ¥hile their litter mate controls and other groups in



tke colony frequently sxperienced "sniffles,"” a condition which
segms %0 be normal in white rats, the zcetantlid animsls never
exhibited as much pathology zs a sniffle., The fur of the animale
was normal thryoughout the period and appetite and getivity were
comparable to that of the controls during the greater psrt of the
eighty~-six weeks, The feces and urine were normal in color and
the feces in consistency during the entire foeding period. Howaver,
at zbout the eighty-second week of age, after seventy-two woeks of
feeding, = decrease in appetite became apparent, and the animals
fell off ropidly. They becsme hunched snd dejected in appearsnce
and paid little attention to care or feeding noises,

At the beginning of the geventy-sixth week of drug feed
ing, the drug was removed from the diet and discontinued for five
wegeks. There were no apparent withdrawal effects. The animals did
pot improve in general sppearsnee and feiled to regein lost appetites.
Removal of the drug h=zd no effect on the weight loas being experienced
by the group mt the time of withdrawal, and for four weeks preceding
withdrawal, The drug was returnsd to the diet at the end of the
sightiath week and its administration continued until the oxperiment
vWas terminated, at the end of the elghty-sixth waeek. No chango in
symptoms was noted during this period.

One of the gix acebtanilid males died during the thirty-

first week of drug feeding. A& careful macroascopical examination of

internal organs revealed no abnormalities. The five animals living

after eighty-six waeks of acetanilid adminisiration were slso
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carefully cexumined, the internal orgens beling compared with those
of litter mate controls, No significant variations could be detected
by macroscopical exeminstion. Special attention was given to the
liver, kidneys, and splesn of each animal and these organs appssred
to be normal, The c¢olor snd consistency of the blood was normal as

comparad to the blecod of the controls.

Phenacetin.

This coal tar sntipyretic is slmost identicsl in its action
with acetanilid. The dose, however, is almost twice ad great, end
there is less tendency to produce cycnosis and faintness. Habit,
according to Solis - Cohen znd Githens,4 is as readily produced by
the drug, and is as disastrous, These authors consider that the fact
that phenacetin i3 less broken down by the body then is meetenilid
accounts for its reduced toxicity. Phenacetin is excroted ohiefly ss.

phenetidin and lezs as peramidophenol. The latter substance ig ziven

eredit for much of the toxicity of scetenilid,

47
Mahnert has found that, in rabbits end dogs, ss much as

1,0 Gm, per Xz, of body weight may be given by mouth with no disturb-
ances other than sleapiness, nesusea, =nd shivering., Dsath, according
to this author, results when a 3.0 Gm. per Kg. dose is given to
rabbits by mouth. Wood and Wood48 have reported thet o dose of 0.5 Gm.
per Kg. by wvein will preduce death in dopgs.

Eolst49 has reported an interesting case of chronic phenacetin

intoxication in which a patient had used phenacetin regularly for
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thirty years in dnily doses sveraging 1.5 Gm. Anemia, cachexia,
epistexis snd hemorrhages in the skin were noted =z symptoms, This
suthor stetes that, slthough chronice phenscetin intoxications are
rare, thias ingstance, together with cited cagoes of polsoning from other
headsche powders, warng thai the nss of these medicaments should he
controlled,

a7

Brownlee  has taken phanacstin as the standard for com-
parison of coal tar antipyrstics and Table IV liste the principal
results of his investigatione. It is interesting to note that, with
phenacetin taken as 100, aspirin, -antipyrine; eminopyrine and
ecetanilid are given relative antipyretic potencies of 74, 100, 134
and 170 respectively. The oral toxic dose of phenacetin for rate
is given as 125 mg. per Kg. of body weight, and the equivalsnt thera-
peutlc dose 40 mz. per Kg., nearly double that for acetanilid, The
rstio of toxie to therapeutic dose for phenacetin is thirty ss come
pared to thirty-five for acetanilid. It is thersfore evident from
Brownlee's work that phenacetin should be nearly =e toxie as ancetanilid,

Phonacetin has been ziven orally to male rate for eighty-
eix wooks (see Tables I and II}). The phenacetin rats were litter
mates of those in the ancetanilid group, both groups being controlled
by the same group of litter mates., The period of drug feeding wsas
identical for both drupgs.

Although the animals on phenacetin never reasched the weight
peak gained by the mcetanilid animals, other results of drug feeding

werea similar. There were six animals in the group originally and
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four survived the feeding period as compared to five out of six in

the acetanllid group. There were no symptoms atiributavle to drug
nedication during the first seventy-two weeks of .drug feeding.

However, at zbout the beginning of the seventy-second week, at the

age of eighty-two weeks, and siactly simultsneously with ibe scetenilid
group, the phenacetin males began %o show ovidences of toxic effacts.
Appetites deercused rapidly and the animals began to lose weight. The
progress of symptoms was identieal %o that in the ascetanilid animals,
the phenacetin enimals showing the same listleses, hunched tendencies,

Urug feeding was also stopped st the beginuing of the
geventy-sixth week, and, as in the acetanilid enimals, no correction
of symptoms was noted. Medication was continued after a five-weck
abstinence interval, with no observed effect, The enimsls were still
losing ground rapidly when the experiment was terminsted at the end
of the ninety-sixth weck of sge.

Three of the six phenscetin males died during the feeding
period, two of pneumonia during the twenty-fifth week and one of une
Xnown cause during the thirty-cighth week, The latter animal was
exzamined carefully after death, as were the four rats surviving at the
end of the feeding period. No lesions or abnormalities of any sort
were detected in the internal orguns by macroscopic examination.

I% is interestinz to note that acetenilid and phenacetin,
being very closely related chemically, should have had such ldenticsl
effects on the living animal during eighty-six weeks of adminiatration.

Both drugs were apparently, of benefit to the animal during seventy-two
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woeks of drug fesding, toxie synptoms appesring in both groups

only during the lzst fourtesn weeks of nedication.

Antipyrine.

Antipyrine is one of the most commonly used cozl-bar
antipyretics, chiefly becrzuse of its greabter solubility, Its actions
are similar to other members of the group, but it has mors tendency
to cause aweating sand skin eruptions than has ncetenilid and less
tendency to czuse cyanosis.é' Although a normal adult can usuclly
talkke about two grams without disturbances other than slight elespiness,
chilliness, and sweating, many individusls exhibit toxic phenomena
after taking doses which are well within the therapeutic range. The
nost frequent of such toxic symptoms ars eruptions of various sorts,
sometimes urticarisl with severs itching, Examinatlion shows a wozk,
rapid hesrt; rapid, hyperpneic respirztion; cyanosis; cold, wet skin,
and low temperature. Convulsions frequently result after toxie
doses in animals, but are unusual in man.4

In rabbits there is no effect from doses below 66 mz. per
Kg., of body weight by vein, but with larger doses there is rapid
heart, dilatation of the vesaels of the sgkin, and some fall of
tempereture.4

Cats given one gram per xilogram by mouth show eslivation

and lacrymation, followed in & guarter of an hour by ataxia with

ineressed reflexes, succosded shortly by decreasaed reflexes and

genersl wenkness so great that the animals fzll and are unable to
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rise, The puplils are widsly dilatsd, the rospirution very rapid
and desp, but finally growing wesker and wesksr, Death oither
oeccurs in a convulsion or from paralysis of respiration.so

O0zaki and %awatari51 have found that intravenous injection
of one-tenth and two-tenths grams of antipyrine produced, after a
week of preliminpary diletation, s fairly consistent confraction of
kidney vessels. The sffect was gualitutively uanchunged with the
splanchnics cut or n?t,

Be:a-nruseim,5;3 in studying the action of eminopyrine snd
antipyrine upon the oxidation of phospholipid by various tissues,
has found that the oxygen uptake of rat tissues is inhibited twenty
to thirty per cermt by M/4500 solutions of muinopyrine, but that aix
to ten times this omount of antipyrine is without effasct,

Gunns3 has given 0.9 Gm. per Kg. of body waelght as the
¥.L.D. for mice when injected intraperitoneally. The subcutaneous
injection of 1,0 Gm., per Kg. in guinea pigs produced death in from
ona t0 one and one-half hours, Ths symptoms produced by minimal
lethnl doses described by this author arse excitability, quickening
of the respiration and tremors. In anesthetimed cats the drug caused
twitching of groups of muscles. Circulastory effects produced by
the drug were sinilar in eats and froge. In cats, 10 mg, per Gm, of

body weight lowered the blood pressure and sometimes crused a defi-

nite, brief depression of henrt action.

»

Brownlee (Tsable II) kes given 1.53 Gm. per Kz. as the

oral toxic dose of antipyrine for rats and 1.86 Om. per Egz. for mice.
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It 18 to be noted from this table that antipyrine has a relatively
low sntipyretic potenoy for rats as compared to other members of the
coal tar group, but thet the ratio of toxie to therapeutic dose is
relatively high.

Antipyrine has been given orzlly to female rasta for ninety
weeks during the study., The dailly dose (Table 1) has been well below
the toxice dose determined for rats by Brownlee.dv i,e., 1.53 Cm, per
Kg. of body weight. The meximum daily dose sdministered during this
630 day feeding period was 12.9 mg. per Kg. of body weight, and was
calculated on s basis of a three times dally dose schedule for a 70 Kg.
adult human, Brownlee has found by actual experimentation that 40 mg.
poer Kg. is the equivalent therapeutic dose for male rats.

Toxic symptoms have rot been observed in the group of
female rats recoiving antipyrine. There were no obsarvsble varistions
in appearance, appetite, or activity in ths cage. During maze learning,
however, the apimals were apprecimbly leas active than their litter
mate controls, This observation will be discussed in a subseguent
section.

Six of nine animals in the originsl group died during the
feeding period, as compared to two of nine in the control group., All
animels dying during the experiment, zs well sg the three animals
living at the end of the period, were studied macroscopicslly for
possible wvariztions in the condition of internal orguns. Littsar mate

controls were killed and examined and compared with the three surviving

test animals when the drug feedings were stopped &t the end of the
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one~-hundredth week of age. Varistions attributable to antipyrine
medication were nobt found in any of the test animals.

Abstinence symptoms were not observed in any of the anti-
pyrine females during four and one-~half weeks of withdrawal, from
the sixty-ninth to aboul the seventy-fourth week of drug administration.

There were six animals in the group during this period.

Aminopyrine.

Aminopyrine has received much attention in the literature
during the lest ten yesras and most reports have been concermned with
the production by the drug of agranulocytosis and other blood cell
disturbances. These reports will be presented with the discussion of
the effects of life cycle drug feeding on the blood picture. It might
be well to state here, however, that Kracke,54 in discussing the
relation of drug therapy to neutropenié states, hes said that approxi-
mately eighty per cent of drug-produced agranulocytosis is caused by
the sdministration of aminopyrine or one of its compounds.

o

Brownleegv has comparsd the antipyretic activity of the
coal tar antipyreties, including aminopyrine, and Tadble IV is taken
from his work., From this table it 1s seen that the equiyzlent
therapeutic doge of aminopyrine for rats is 31 mg. per Kg. of body
weight., The single official average dose for an adult humen is
4.3 ng, per Kg. Table IV lists the toxic dose for rats as 1.15 Cm.
per Kg. of body weight. Aminopyrine, according to Brownlee, ranks

second in antipyretic potency when the latter is determined on rats,
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Hose has found 150 nmg. per Kg. to be the minimal lethal
dose for aminopyrine in mice, and 135 mg., per Kg. in rsts. The
drug was injected into the tail vein. This amuthor defines the M.L.D.
as the dose which produces death in at lesst thres out of five
animals treated,

Aminopyrine bas been given orally to female rats for ninety
weeks during this study, the feeding being started st the tenth week
of age and atopped at the one-hundredth week. The dose administered
per kilogram body weight of rat is given in Table I. The esnimals
received the eguivalent of three times the aversze buman adult dose
daily during the last 400 days of the feeding period. They were given

the equivalent of the average humsn dose during the first 130 dsys
of feeding, and twice the human dose from age 200 days to 300 days,
The number of animala in the group, as well as other dosage datu, is
glven in Table II.

The females receiving sminopyrine exhibited no unusual
symptoms that might be attributed to aminopyrine medication, or that
would serve to differentiate them from their litter mate controls.
The enimals had good appetites during the entire feeding period, ass
d1d their controls, and there wss no observable difference in the
activity of the group in the cage. During fdaze learning, however, a
depressed activity was observed, the animals being less active and

more sluggzish than their controls.
45 has been stated, aminopyrine and antipyrine are closely

Telated chemiocally and should be expected to oxert similar toxlcities,
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if any, under identical experimentsl conditions. Both drugs have
been given orally to female rats (litter mates) in exsctly the some
dosage and for the same period of time. It is interesting to note
that neither drug hes produced toxic symptoms in the living animsl,
Death rates have, however, been markedly different in the two groups,
as will be shown in the section on mortality.

The eminopyrine females were without the drug for the
seme period desecribed for the antipyrine group, Abstinsnea symptoms
were not observed during this four and one~half wesk withdrawal

peried,

Cincophen.

Many cases of cincophen poisoning have been reported in
56
the literature during the last fifteen yenrs. Straub reports a

fatal case after the daily ingestion of five-tenths gram tablets over
57
a pericd of three months. A total of 500 tablets were taken. Habs,
58 59 60 61 62 63
Peluse, Anon, Fraser, Dsutsch, Perman and Goehring, Johnson,
54
Perkel, and many others report deaths after the use of cincophen,

65
Parsons et al. reported in 1932 that thirty-two fatalities duc to

cincophen had appesred in the literzture up to that date, twenty-six

of which showed patholozic changes in the liver. One czse was added
66
to the list by these suthors. Welr and Comfort, in 1933, reviewed

the ocase histories for 117 ceses and stated that sixty-one patients

kad died and that many others were serfously ill.
67
Palmer and Woodall reviewed the literature on cincophen
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toxicity in 1936, They statsd that 191 cases of jaundice following
the administration of cincophen had been recorded in. the preceding
decade, eighty-eight or forty-six and three~tenths per cent of which
ended fatally. These authors state that there is no saf'e moethod for
the adminiatratign of eincophben.

Beaverés hans gtated thet cincophen intoxicstion affects
only the liver, resulting in acute or subacute atrophy, or in toxic
cirrhosiz if early death does not occur. COmrort69 has reported four
nop-fatal cases in which the symptoms were painless jJsundice, nausea,
loss of weight and strength, clay colored stools and derk urine. All
cases showed liver demoge, one being very severe., Recovery was
effected in from two to eight months by a dlet high in carbohydrates
and low in proteins.

Short and Bauer70 have reported four cases of allergic
reactions to cincophen in which allergy wzs evidenced by a generalized
urticaria snd bronchitis. Fifteen grmms of the drug had bsen adminis-
tered over a period of nine days.

Evans and Spancevl stated in 1929 that cipcophen had proved
of great value in the treatment of gout and that proper dosage would
eliminate toxic results, Davis,72 in 1932, reported on 200 casos
that had taken cincophen and neocincophen with no fatalities resulting,

Thirty of the two hundred had slight digestive or eirculatory upsets,

There are many reporte in the literature concerning the

experimental production of peptic ulcers in lsboratory animzls by
73

the administration of cincophen., Stalker et al. have produced ulcers
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in ninety-five and eight-tesnths per cent of thelr test animals by
oral administration of large dosesz of the drug. Cincophen, zdminis-
tered by rectum, parentally, through intestinml fistulas, or orslly,
in dogs with fundic pouches, produced peptic¢ ulesrs in many instances,
and these results were taksu as proof that ulceration occurred after
the ebsorption of the drugs Except for the mild pathologle changes
which asccompeny the toxemin produced in the first few days, no
changes, elther gross or microscopic, which could be attributed to
cincophen, were seen by these suthors in the liver, heert, spleen,
lungs, paneress, kldneys, gall-bladder or adrenal glands,

Churchill and Hanshardt74 have injected cincophen diesolved
in olive o1l directly into the Jjejunum of dogs, One dog received
twenty-two 220 mg. per Kg. doses during as many days, resulting in a
conelstently bloody stool, and a large chronie ulcer in the pyloric
reglon of the stomache There was no ulcerstion at the point of injection.
These authors also conclude that ulcer production is not dus to a local
toxic action on the gestrie mucosa., A second dog died after the
edministration of ten doses, & large prepylorie ulcer being found
two and ons-half fest from the point of injection,

Schwartz and Simon6575 have given cincophen orslly in cottone
seed oil to cats, rabbite and guinea pigs, in doses calculated on a
basis of 22 mg. per Kg. of body waight, which corresponds to a human
dose of seven snd five~tenths grains three times dzily for a 150 pound

adult human, Cats survived dally doses ten times the normal human

dose for from two to five days, One cat survived the ecuivalent of
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the normal human dose for sizty-two days. Four of six cuts developed
gastric wleers, one of which perforated. None of the rabbits died
from the effects of the drug snd one rabbit survived sixty-six doses,
sach twenty-five times the normal human dose, without apparent
injury. FNo ulears developed in the rabbits, Guinea pigs survived
daily doses ten times the normal human dose for two wesks or more, and
one animal received ninety doses, each dose two and one<half times the
average. human dogs. None of the gulnea pigs developed gastrie ulcers.

The meximum dosage used in the investigation befng presented
in this thesis wae 14,2 mg. per Kg., or the equivalent of twice the
sverage human dose, It will be observed in Table III thut the feeding

wag continued for aighty-six weeks,

Churchill and Van %agonervs have also calculated the averszge
daily human dose on a basis of 22 mg. per Kg. of body weight, but have
given dogs twenty~seven times this amount, or 595 mg. per Kg., mized
with food, The doge refused to eat after eight or ten doses. Gastrie
ulcers were found in svery case as well as yellowish aress over the
liver.

77

Radroin and Lederer have given 0.5 Gm. to 1.0 Gm. per Kg.
of body weight es the lethel dose for cincophen for whitse rsts. They
found occasional abscesses in the lungs after cincophen medication, but
no gross lesions in any of the organs after even 180 days of therapeutic

dose sdministretioh. Most of the animals appeared ill, many lost weight

and none gained as rapidly as the controls,

78
Reichle has found that the subcutaneous administration of
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1.0 G, per Kg. dosesn of cincophen killed rata in twenty-four hours,
Continued parenteral administration of gmallsr doses, 0.2 Gm. per
Kg., did not cause death, bubt there was a period of excitement followed
by collapse immediately following the injection. Respirutions beceme
deep and penting, Toxie cirrhosis was not discovered, but the suthor
states that there wues posgibly some damage.

¥yers and Goodmanvg have tzken 30 mz. per Kg. of body weight
ag the average daily dose for man, and have given one dog the equivulent
of that smount, two dogs twice that equivalent amount znd a fourth dog
five times that amount. Four rabbits were given ten times the egquiva-
lent of the average hunan dose. The drug was mixed with the food und
administrztion was continued for seventeen days to dogs ond for forty-
five duys to rabbits, Liver damage was produced in many instances, but
the author made no statements concerning the general welfzre of the
animals,

80

Quick thas stated that toxicity determinations on lower
animals are not an index of the toxicity for man as the conjugating
mechaniems in the human organism respond quite differently in many in-
stances.

8l

Lehman and Hanzlik  have included cincophen in the diet of
white rats to the extent of five-tsnths, one, and two snd one-half per.
cent, The animals receiving the two and five-tenths per cent mixture
refused to eat the food and died of starvation. The diet of the others

was continued for twenty weeks, No injury resulted from the treatment

or from similar medication with neocincophen. Rabbits were given
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doses of 0.2 to 0.6 Gm. per Kg, per week for thirteen wacks with
no untoward resulis other than & decresze in the functionsl activity
of the liver in two out of %welve coses. The authors comcluded that
there was no adequate experimentsl basis for estzblishing s direct
cause and effect rolationship in clinieal cincophen toxicosis.

After considering the many reportz of cincophen poisoning
appearing in the literature during the past decsde, there seems no
room for doubt concerning the toxioity of the drug. Mention should
be made of the fact, however, that in meny of the experiments presented
ebove, the doscge has been extremely high. The desire on the part
of investigators seems to have been to give doses larze enough to
insure the production of pathologie disturbances or lesions, rather
than to determine the effect of doses approaching what might be con-
aidered within the therspeutic range.

Cincophen hes been given orally to male rats from the tenth
to the ninety-eighth week of age during this investigatiod. The dose
for the first 200 days of feeding was 7.1 mg. por Kg. of body weight
(Table I and Teble I1I). ©During the remaining 420 days of reeding
the dose was held at 14.2 mg. per Kg. of body weight. The single
humapn dose of 0.5 Gm. is equivalent to 7.1 mg, per Kg. for a 150 pound
adult,

There was no evidences of cincophen toxieity during the
Pirst sixty-five weeks of feeding. Appetite, coat condition, activity
and general behavior ccmpared favorably with that of litter mate

controls. Blood was sbsent from the stool during the entire feeding
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period and the feecal material reseambled that of the condrols in
color znd consistency.

At about the sixty~fifth week of fesding, at seventy-five
waeks of aga, the animals began to show evidences of cincophen
medication. The fur became coragse and rough and the animals gradually
became loes astive, using the turntazble exercizers very little during
ths last %ten or fifteen weeks of the experiment. The desire for food,
as compared to conirols, lessened progremssively after the scventieth
week of feeding and the animals practically refused to eut during the
last ten weeks of the 620-day feeding period, Threc of the aix
animsls survived the experiment. All of the animals were exemined
carefully after death, the internal organs belng compared with those
of littor mate controls., No significant variastions were observed.

There were no signs of lesions, healed or otherwise, in the stomach or
intsstines of any of the cincophen animals. What might be deseribed

as yellow spots were observed on the livers of two of the cincophen
rats, but similar spots were found on the livers of litter mate controls
and are therefore thought to have no significance, Similar spots were
also observed on the livers of ratg in other groups in the colony.

The poassibility of abstinence symptonms wns determined by
withdrawal of the drug from the cincophen group for five weeks follovwipg
the seventy-sixth week of feoding, at the beginning of the seventye
Boeventh week of age. Toxic symptoms had been noted for ten weeks befors

this, and the animels had been losing weight rather rapidly. Ro with-

drawul effects were observed during the five week period without drug.
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The toxic symptoms were not lessenad and the snimsls continued to
lose weight. Nelther was a change in symptoma obsorved when the
drug was returned to the diet aftor the withdrawal period. This lack

of improvement during the five-week withdrawal period is tcken as

ovidence that whatever damege hod been done by the drug wss irreparable,

Phenolphthalein.

Toxic resctions resulting from the use of phenolphthalein
have been reported frequently in the litersturs of recent years.
Ayers,aa in 1921, reported on seven cases in which an eruption of the
ekin was associated with the oral asdmintistration of phenolphthslein
as a laxative. Four of the seven cases were of the ssme type and
corresponded elinically with erythema perstans.

B3
Ry, in 1932, described oymptoms of swollen eyelids and

lips ard a red eruption occurring after a girl, aged two years and

elght months, had received five tablets containing 120 mg. of
g4
phenolphthalein in each. Newxman hes reported on nineteen ¢ages of

cutaneous eruptions due to phenolphthalein in which intense itehing
85 86
and burning were pravailing symptoms. Phillips and Weiss and Xile

report similar cases.

87
Abrzmowitz has stated, after a survey of the literature

on reactions to phenolphthslein, that the mumboxr of rsscticns observed
were snall considering the extensive use of the drug. This author
concludes that the nine reported cases of systemic disturbanfes result-

ing from overdosage were somewhat offset by eleven reported instances
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of no appareat 11l offscts from overdvsage. He aasumes that there
is n form of specific hypersenzitiveness, allargic in nature, in
patients who have eruptions after the use of pheanolphthalein.

Sachaga hag reported. that the ingestion of a total of
ninaty-six grains of phenolphthalein by a three and one-half year
old boy produced no 11l effects aside from diarrhea and slightly
inersased tempersture. Smchs ¢oncludes that this case lends gupport
to the theory that phenolphthalein does not produce harmful disturbd-
ancss in man.

89

Pantus and Dyniewicez have examined one thousz=nd samples
of urine after the use of phenolphthalein by paticnts and report that
medicinal doses of the drug do not produce albumiwuria. They state
further that phenolphthalein is not generally prenent in the urine
aftor medicinel doses, but that a conjugated phenolphthalein is always
precent, The emount of free phenolphthalein found in ths urine
incresses with the dose,

This author hos been tnsble to find any statements of
ninjmal lethsl dose for phenolphthalelin, for apy animal in the llter-
ature. Wbodgo has found that doses equivalent to sixty to one hundred
grains for human beings were quite harmiess to dogs., Abel and
Rownzreegl have administered large doses of phenolphthalein (0,415 Gm.
to 1,0 Gm.) orally, subcutaneously, =nd intravenously, to & dog over
& three-month period without harmful effact.

Phenclphthalein seemns to have had s toxie effect on male

rats given the drug orally during this drug-feeding experiment. There
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were four ratg 1n the group originally end only one of the animals
aurvivsd the eighty-six week feeding period. The dosage schedulie
for the drug is given in Table I and other pertinent dozage dats in
Toble IXI. The meximum dally dose is seen 4o have been & mg. per Kg.,
three tines the average single human doses; One rat died during the
fourteenth week of feeding while on & 1.0 mg. per Kg. schedule. The
sefond death occurred after 322 days of feeding, the animel having
been on the 2 mg. per Kg. schedule for only twenty-two days., The
third death cccurred after 497 dsys of feoding and after 197 days on
the 3 mg. per Kg. schedule. Therefore, for the greater part of the
feeding period, three of the group of four received the equivalent
of 2 mg, of the drug per Kg. of body weight. Only one animsl received
3 mg. per Kg. for the major part of the experiment.

Sluggishnees and s decreased desire for food were observed
in the phenolphthalein group as early as the tenth week of drug feeding,
the enimals feiling to gain weight es rapidly as did their controls.
Phenolphthalein, or some substunce giving @ red color An &lkaline
eolution, w=s found in the feces of the animsls when the test was nmede
after five weeks of feeding, while the animals were receiving only
1,0 mg. per Kg. of drug daily. Positive tests were obtained at irregular
intervals thereafter. Similar tests performed or the feces of controls
were alwzys negstive.

There waus never any evidence of 3 laxative effect as & result

of phenolphthalein administration, The fsecal material was rormal in

color and consistency throughout the period of feeding.
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A peculiar hypersensitivity to touch stimuli was observed
in the phenolphthalein znimals as eurly as the twentieth week of
drug feeding. It was first evidenced when the animals become diffi-
cult to eatch. The noymsl, tamed rut can be picked up without
difficulty if the animsal is eware that the hand is approaching. It
merely assumes a slightly c¢rouched position snd offers little or
no resistance, The phenolphthalein animals, hovwever, sssmed to object
to being touched, und while they would assume the croushsd position
nomally, they would frequently jJump at ths first touch of the hand.
This aepparent hypersensitivity became more marksd as the experiment
progressed, it being very difficult to catch the one animal that
survived the entire feeding period.

This peculiarity was observed as a result of other stimuli
such as being touched by other animzls in the group or by lettuce or
other food thrown into the cage. This excessive response to touch
stimuli was not observed in any other group in the colony.

That this hypersensitivity was a result of phenolphthalein
nedication would seem to have been proved by the fact that symptoms
were allevisted markedly by a five-week abkstinence period which followed
Beventy weeks of medication. There was, however, only one animal lef$
during this period. The drug was returned to the dist at the snd of
the seventy-fifth week of the feeding period, the symptoms graduslly
returning, but never becoming as marked as they were before the with-
drawal period. The experiment was stoppsd at the end of the ninety-

8ixth week of age.
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The internal organs of the three rats that died during
the feeding period, as well as those of the one animal surviving
the experiment, reveanled no abnormalitiss under carsful macroscopic
exonination,
A description of the toxic effects produced by the adminis-
tration of phenolphthalein to white rats during this investigation

has not been found in the literature.

The "Al1l" Group.

Ag has beon explalned, this group of eight male rits re~
celved nine drugs, esch in exactly the same doscge given to the groups
receiving only one of the drugs. These nine drugs are underlined in
Table I as are slso the doses used for each during the three periods,
Attention is called to the fact that these animzls received as the
maximum dose, for the last 402 days of the experiment, 1£8,9 mg. of
drug per Kg. of body weight daily., If we are to consider the state-

5
ments of Greemman snd Duhring and others,l i each rat received the
equivalent of 315,600 adult human drug doses over a period egusl to
2,580 weeks for human beings (Table III).

The lack of effsct of this extended period of medicastion
with s combination of diuretic, laxative, respiratory and cardiac-
stimulating, antipyretic, anslgesic and hypnotic drugs seems nothing
short of amazing., While the group revesled somo evidence of depressed
activity on the maze, this effect of drug medication was not observed

to any extent in the cage. Appetites were normal, as compared to the
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controls, throughout the entire fesding period. The weight~depressing
effect of caffeine seems to have been overcome by the stimulating
effect of acetanilid, for the animals of the control group weighed
less than those of the "All" Group during most of the experiment.
There was no laxstive effect as observed in the male aspirin group nor
was thers any of the noisy breathing deseribed for the mule and female
agpirin groups,

Although the "All" Group received the same dsaily dose of
phenolphthalein given to the phenolphthalein group, and for the same
period, none of the peculiar hypersensitivity to touch stimuli observed
in and desoribed for the latter group were evidenced in the ™All"
Group, All of the animals in the lsst six groups listsd in Table III,
including the controls, were litter metes., The phenolphthalein,
phenncetin, cincophen, acetanilid and "All"™ Group served as controls
for each other as well =& being controlled by litter mates. From
Table I it is ssen that the "All" Group received all four of the drugs
nentioned ahove as well as caffeine, aspirin, aminopyrine, antipyrine
end barbital.

A number of explanations could be given for the lack of
toxic effacts of this "shotgun® medic ation in the "All"™ Group. Downs

2
and Eddygu heve stated that barbital appears to protect the white rat
to some extent agalnst the lethal effect of cocaine, but that this
protection is distinctly less than in other animals. Gillman and

93
Barbour have shown that, when phenobarbital is given orally to white

rats, excitement, followed by hypnosis, is observed., The effects are
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very marked with 50 mg. per Egi doses. However, when 50 ng. per Eg.
of aspirin are given with the barbiturate, neither exeitement nor
dspression are produced, indicating that aspirin is antagenistic to
pherobarbital, These authors have also shown that antipyrine
anbagonlzes the toxic zetion of phenobarbital without diminishing its

g

hypnotic effect, Roseus has ghown, however, thut the toxicity of
aminopyrine was reduced approximately two-thirds when an effective dose
of sodium amytal was given at the same time. It is concsivable,
therefore, thut the tozie effects of the antipyrotics might have heen
antogonized by the presence of barbital in the drug mixture, or,
according to Rose, that the reverse be true.

Modifications of solubllity and absorbability of the con-
stituent druge in the mixture are undoubtedly factors involved in an
explanation of the asbsence of toxic effects in the "All" Group. Many
of the drugs in the mixture contain the benzene ring in the molecule
and 1t {& a well known fact that the body protects itself from such
toxic substancezs by the formation of hippuriec acid, In this connection,
Astolfani,94 has shown that caffeine increases the amount of benzoate
that can be synthesized into hippuric acid, That there ars optimum
conditions for drug effect has been shown by Sleigmann et 31.95 who have
found that bils is necessary for the asctivity of phenolphthalein in
cate in which obstructive jaundioce was produced experimentally.

Regardless of rhyme or reason, the administration of the nine

drugs simultzneously to the "All" Group has not produced any of the

toxie symptoms produced by the sume drugs when given individually,
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aside from a mild form of depressed activity made evident during

na-e learning,

Barbiturates (Literature References)

Reports of pethological disturbances and deasths resulting
from the use of barbiturie acid derivates arc numerous in the litera-
fure of recent years, Lyn.ch96 reports thet deaths 1ip humans have
been caused by a single 15 grain dose of barbital and of phenobarbital,
He states that the average fatal doses are larzer, Rylander97 places
the smallest lethal dose of barbital at 11 grains and the average
fatel dose at 50 grains. Ravinega reports a case of barbital poisoning
in which the patient had tsken dally doses of 3 to 6 grzins of the
drug over a psriod of four to five years, The symptoms were tremor,
woekness, restlessness and mental dullness, all of which disappesred
after removsl of the drug.

Birchgg has reported toxic symptoms appearing in a case
after one grsin of phenobarbital had been given daily for 22 days.
Holland st al.lco report & dermatitis producsd by phenobarbital) after
only three and one-half grain doses of the drug. Babington.ml states
that the average daily dose for phenobarbital is 0.5 to 1.5 grains.

He reports even the smallest doses as causing headache, nausea, and a
rash resembling thet of measles or scarlet fever.

Lagenbachloa howsver, reports that two male end two female
adults have taken an aversge of 3 grains of godium amytcl one to seven

times weekly for from nine to twenty~four months with no untoward
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reactions whatever. After {ntsrvuls of six to thirtsen months
without the drug, all showed 2n scquired hypersensitivity to the
compound, charactorized by outansous eruptions on the face, neck,
arms, hands; and mucous membrenes of the lips and mouth. Free
barbituric acid produced g simllar result bud phenobarbital failed
to do so.

103

Larkum has reported & case of probsble allansl polsone-
ing. A woman was Tound in a coma and died & days later from broncho-
pneunmonie, Threa enpty bottles lebeled allonal were found dbut no
axact estimate of the dose, except a minimum of 60 grains, could be
glven. Lovsm53104 reports & case of toxlc reaction due to alurate,
the barbituric acid derivative of allonal. The patient hed been
teking tehlets of allonzl for headache during the preceding 4 yesrs.
Expsrimental trial with other barbiturates, aminopyrine, phenclphthalain
and other drugs fatled to produce the characteristic reaction.

There are azlso many r;porta on the relative harmlessness of

05

some of the barbiturates. Hoge reports on a case, A woman, Age

4l years, who had taken three or four 1.5 grain amytal tablets dally
for over a period of 7 years with little or no harm., Lundy and

106
Dixon report & case as having taken a total of 600 Gma, of sodium

amytsl in 0.2 Gm. (3 grain) hourly doses over a period of four months
with no harmful effecta.

107
Bleckwenn meptioned a case in which 250 daily dosez of

1 to 1.4 Gn. of sodium amytal were injected intravenously with no

pathologicsl changes being noted and no habit formation suspected,
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» 108

Imge =and Hoffmsn state that sodium amytel given during
and after labor, 5 to 7.5 grains intravenously, produced no changes
in sulfophenolphthelein excretion. They contend that sodium emytal
does not comstitute m menace to the patient whose kidpey function is
otherwise normel, zerfaslog states that thers is considerable
individual variation in patients with regard to susceptibility o
godium emytal, He considers, however, that 3 to 9 gralns, not exceed-
ing 15 grains, are comparatively sufe limits for pre-anesthetic
preparstion,

110

Welss, in discussing the whole group of barbiturates,
stated that if the scientific definition for the ternm were adhered to,
no habit formation could be attributed to them,

Much work has bsen done in an attempt to eatablish some
relationship between pharmacologlcesl actipn and chemical structure of
the barbituric acid derivatives. Swanson}ll hes studied over 50
barbiturates sll of which were £~ substituted compounds aimilar in
generzl formuls to barbital, None of the barbituric acid derivatives
used in these experiments were included in Swanson's group of 50.
Howsever, some very important faetz concerning structure and pharmacgoe
logical action were pointsd out by the author. It was shown, for
instance, that an increcse in the number of carbon atoms inm the alkyl
group, either normal or secondary, resulted in a decrezse in both the
minimal anesthetic dose (M.A.D.) and in the minimal lethal dose
{(M.L.D.). SWansonlll found, also, that when the alkyl radical is

longer than 5 carbon atoms, the amount required to spesthetize or kill
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rats agaln increases. The duration of action shows similar fontures
gceording %o this author; that &, &t is ghorter when the alkyl group
becomes lengthened,

Iff the substituted group is phenyl, es in phenobarbital,
the well known prolouged action results, but if the ethyl group is ro-
placed by a methyl group the resulting substance, methyl ethyl
barbituric acid, has a larger M.A.D., and M.L.D. and a shorter duration
of action as compared with phenobarbital.

P

Fiteh and Tatumlln have obtzined results similsr to Swanson
but these authors have reported a merked difference in the durstion
of hypnosis in relution to the mode of zdministration of the drug.
For inpstance, the average duration of action of 60% of the M.L.D.
(k11ls 50%) in rabbits orally was found to be 12 minutes end 36 scconds
for alurate, 16 minutea and 30 seconds for barbitsl, 22 minutes and
40 secondrs for amytal, and 36 minutes for phenobarbitsl. However, when
the same size doses wore administered intraperitoneally, the durations
wereg, for emytal 3 mimutes and 54 seconds, for alurate 6 minutss, for
barbital 18 minutes and 10 seconds, and 22 minutes and 10 asconds for
phenobarbital.

It is sesn from the structural formulae on page 9 that the
substituted alkyl group contzins four carbon atoms in the alurste, two
in barbital and five in amytel. The phenol group is substituted for

ethyl in phenobarbitsl and it is the longest ecting of all barbiturates

fed during these experiments.
112
Fitoh and Tatum found the following toxicities in rabbits
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orally -~ phenoberbital 150 ng, per Kg. of body weight, slurste
160 mg. per Kg., barbital 275 mg. per Kg., and somytal 575 mg. per Xg.

In albino rats intraperitoneally they found the following
toxicities -~ alurate 100 mg. per Kg., emytal 115 ng. per Kg., pheno-
barbital 155 mg. per Kg. snd berbital 300 mg. per Eg, of body weight,

All four of these barbiturates were used in these 1i{fe cycle
feedings but in doses which were only & very small fraction of these
reported toxic doses, namely, alurate 0,088, amytal 0.,0746, phencbarbital
0.0166 and barbital 0,0617, respectively, times the reported toxic doge.
It is to be noted further that the intreperitoneal toxic doges of Fiteh
and Tatum required eleven snd six-tenths deys of feeding in cur
experiments for alurate, thirteen and four-tenths days for amytal, sixty
days for phencbarbital and sixtesn days for barbital,

Nielson, Higzins and 8pmth113 found the minimum futsl dose
for barbital when given orzlly to cats in milk to be 0.4 Gm. per Kg,

The same asuthors determined the toxicity, efficliency, and safety margin
subcutaneously in albino rate for barbital, amytsl, phenobarbital and

alurste, The following teble is teken from their work.

Min. F.D. Ratio of Min. Effect Ratio of Eafety

0. per Tox. Dose Effieciency %

Kg. Barb.s 1 Gm. per Kg, Barb.= 1 Margin
Barbital 0.310 1 0.225 1 27
fmytal 0.140 21/5 0,0575 3 9/10 59
Phanobard,. 0.140 2 1/9 0,11 2 21
Alurate 0.125 2 1/2 0,0525 41/4 58

The authors define the safety margin ss the difference

between the minimal effective dose and the minimal fatsl dose, expressed
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in per cent of the minimal fatal dose, Thay compapre thess four
barblturates as follows ==

In order of increasing tcxieity -- barbital, amytal, phenobarb.,

alurate

" on " " efficiency -~ barbital, phenobarb., amytal,
alurate

" on " " safeby margin - phenobarb., barbital, alurate,
smytal,

114
Gruhizt et al. have adninistered sodium berbitel to white

rats and report their results as follows, in mg., per Kg. body weight -

I’IQLQD. M-T)D, M‘A,DQ‘ MQS'.D,

Intraven, 300 280 125 170
Intraperiton. 350 325 180 130
Orally 400 325 lan 190

The terms used in the table are defined by the suthors es
follows == M.L.D, produces death in 60% of the animnls; HM,Tolerated D.
allows for survival in 60%; M.Anesthetic D. causes brief prostration;
4,8.D, is the ninimal surgical anssthetic dose. It is seen from this

table that dosages do not wvary markedly with different modes of

administration.
115 )

Gower and Tatum have reported that the majority of dogs
treated recovered from an intravenocus injection of 200 to 250 mg. per
Kz. body weight of sodium barbitzl while a dose of 400 mg. per Kg. was
fatal in one to five days in about 70% of the cases. The authors
stated that it was apparent that the tolerant animal was one with a
high urinary exeretion rate, that the intolerant antmal had & low rate

of. elimination.
116
Swapson and Shonle have found the average oral M.L.D, of
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sodium emytal fer dogs to be 125 mg. per Xg. body weight when
administered in czcpsules., The average M.L.D, of a 10% solution
rectally was 200 mg. per Kg., and 70 to 75 mg, per Kg. intravenously.
These suthors trested a eseries of 350 dogs with 1 c.c, of 10% solution
por minute intravencusly without a single death and consider this the
safest mode of administration.

Garryll? states that, in laboratory snimals, oral adminis-
tration of amytal ie unsatisfectory end that intravenous injections
nmust be carried out slowly for fear of circulatory disturbances., Sub-
cutaneous or intraperitoneal routes of administration are tha best
according to this author. The bzsic dose for complete surgicsl
anesthesia in the cat and dog 1s givon as 50 mg. per Kg. while 20 %o
25 mg. per Kg. is said to be adequate in men, Garry reports thsat amytal
lowers the body temperature but does not greatly diminish the minute
volums of respiration. The drug has a definite toxie action on the
heart, being more marked the more rapid the sdministration. It causes
a definite decrsase in intestinal motility but appears to have no
detrimental effect upon the kidney. It does, however, inhibit water
diuresis,

118
Kugel has found that barbital, in doses of 0,12 Gm. per

Kg., produces a deep sleep to light nurcosis, an incressed water
diuresis with diminished sodium chloride diuresis results from such

dosage. Dogs were used in his experimentsa.
119
Marx reports that amytel hes a strong antidiuretic effect

on dogs, the effect being directly proporticnal to the emount of amytal
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administered. The diuretic effect of urea 48 prevented in emytal
anesthesia, This, according to this suthor, is likely due to 2
combination of three factors; (1) an impairment of renal function since
there is a drop in phenolsulfonthalein excretion., There wcore, however,
no evidence of renal lesions following the sdministration of the drug
and neither ocasts or albumin wers found in the urine., (2) The drug
may have an effect on the cerebrospinal centers regul\gting water
metabolism. (3) Amytal may i{nfluence the permesbility of the endothelium
of the capilleries in the kidney. A generalized edema was noticed in
one dog.
120

Teylor and Lackey found, in a series of 232 rata by

subcutaneous injection of 4% solutions of sodium and msgnesium pheno-

barbital, that the M.L.D, for both salts was. approximately 215 mg. per

Kg.
121
Foster reports 265 mg. per Kg. of sodium phenobarbital
28 the averzge or median lethal dose for male mice. His figure for

sodiun slurate is 237 mg. per EKg. body weight, He defines the stundard

safety margin as the zone between the surely effective dose (E.D.99),
i.e., offective in 99% of cases, and the lowest lethal dose (L.D.l),
1.0., killing 1% of animals. Thie figure for sodfium phenobarbital is
34% and for sodium slurate 105%, Alurste is said by this suthor to
possess sbout twice the safety of phenobarbital,
o

Louvierlgu has found the minimel lsthal dose of sodium

phenobarbitel when given intramuscularly to rabbits, to be 150 mg. per

Kg. body weight. He states further that the drug attacks the respiratory
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centers and produces s progressive decresse in body temperature.

Gilman snd Barbourla5 atete that oral doses of pheno-
barbitel of 25 mg. per Kg. body weight in eats produced exocitenent
followed by slight hypnosis, Doses of 50 mg. per Kg. gave more marked
offects, depression lastirg for ssversl hours. They found aspirin
to be entugonistic to the hypnotic effect of phenobarbital while
phenacetin was not. Phenacetin did, however, antagonize the toxic
affesets of phenobarbital.,

That there ie a rather marked diffarence in the emounts
of diffeorent barbiturates excreted by the kidneys has been shown by
a number of investigators, Shonle st al.184 report that amytsl apd
pentobarbital are excreted in the urine of wen and dogs only in
traces, if at =11, following the administration of their sodium oalts.
Under the same conditions, barbital end sodium barbital are excreted
as such in the urine. The author states thst, since both animals and
Ren - recover more rapidly from the effects of amytal and pentobarbital
than from barbital, the body must neceszarily destroy them rather
rapidly and completely.

128

Koppanyi and Drop stuts that neonal snd amytal are not
completely destroyed in the body but are excereted in the urine to the
extent of about 8% of the sdministered dose. Koppanyl et 31-126
stste that normal dogs, cats and humans excrete from 42 to £9% of
barbital during 7 days following administration, from 13 to 16% of
phenobarbital and 40% of neonal,

Much work has been done in sn attempt to determine the
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possibility of the development of tolerance to darbiturstes,

2
Eddylgv has reported that no tolerance te barbital developed in cats
sfter long continued daily administration by atomzch tubs of hypnotie
doges., After 6 weeks the drug produced just as much depreasion ss
when administered the first time, However, with repezted adminis-
tration of sny dose of barbital, & cumulotive effect developed, being
more marked the larger the dose. This eftect disappesred es the dose
was ¢ontinued and the suthor suggested this as being due to the
excretion gaining on sbsorption as is known to occur with bromides,
Fitch,lae howsver, has reported that rabblts doveloped a high degree
of tolerance to amytcl, peonal, and noctal. Amytzl, in doses of
550 mg. per Kg., killed two of four new rabbits while the same dose
killed none of three addicts,

Stanton}zg has found that rats show no inecrease in ebstinence
irritability to sodium phenobarbitnl after d=ily injections of 3 and
15 per cent of the minimul fatal dose over a seven week period. Rats,
according to this author, do not become addicted to sodium pheno-
barbital but tend to show evidences of some cumulation of depressive
effect,

130

Swanson et sl. have given approximately one-third of the
minimal lethal dose of sodium emytal, 40 mg. per Kg., orally to dogs
in cepsules threec times a week for from two to four months snd have
noticed po egidence of %olerance, no withdraw:l symptoms or decrease

in toxieity. Similar resulis were obtainsd after intravenous injections

in monkeys of an anesthetic dose, 35 to 40 mg. per Xg., three times a



65.
week for 6 monbths., ZXech dose was followed by the churactoristic
hypnotic effects and the authors soncluded that these results could
be interpreted as prool against the possibility of habit formation
resulting from prolonged use of amytal., However, Oettel et 31‘131
have given barbltal and phenoberbital to doge in dnily doses of
100 mg. per Kg. and 75 mg, per Kg. rospectively, for a month.
Hebituation accompanied by increased excretion of the drugs is re-
ported but there were no abstinencs symptoms on withdrawal,

S8ex variations have been reportsd in the literature.

Holck and Kanan,-l38 Judging from slesp and mortality rate, have found
that femsle white ratsz are more gensitive than males to amytel,
nembutal, evipan, pernocton and hebral, Wnite rats showod no sex
difference in sensitivity to barbitel or phenobarbital,

Nicholas and Barroﬁ}am state that the female dossge for
amytal in white rats is just onme-hsl{ the male dosage. Immature rats
require the lower dosage. Further, more concentrated solutions
produce more uniform results, with the actual use of less amytal,
They state that in the rat, the only contraindication so far found
is a chronic respiratory infection, Death in case of overdosage ie
usually due to respiratory failure.

Moir}34 has féund that very young femmle rats are more
resistant than corresponding males to pentotarbital, but that mature
femsles wers less resistant than mature msles.

The possibility of temperature and seaesonal variations in

the affects of barbiturates hag been considered by varicus workers.
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de Beer et al. repcrt the abeence of significant seasonal variations
in the toxicity of the sodium salt of ethyl n-hexyl barbituric acid.
They stute further that po debectable error in the detsrminntion of
hypnotic potency is introduced into the experiment by making dosage
proportional to body weight, They did, hoanGr,lsa find significant
differences in the minimal hypnotic¢ and minimsl lethal doses in mice
on two widely different diets, there being a marked differsence in the
duration of snesthesia,
137

Raventos studied the influence of room tempsrature changes
upon the action of sodium phenobarbitzl. Using male mice, he found
that the median hypnotic dose in mg. per Xg. body weight was 105 at 30°C,
and 90 at 20°C. He gives 234 mg. per Kg. and 162 mg. per Kg. as the
median lsthal dose at these respective temperatures., This is & decrease
of 20% in the median lethal dose between 30°C., and 20°C, It would
therefore seem necessary that the room temperature be rather carefully
controlled during such experiments., (Writer's comment)

That diet ie aiso a factor in the action of sodium pheno-
barbital has been shown by Ned291138 who has found that many rabbits on
aen oat diet would undergo a prolonged general narcosis with & given
dose of the drug while only 8 few were found to do so on a diet of
earrots, Complete narcosis was produced more quickly on a mixed diet
than on either carrois or oats alone, but the effect faded comparatively
goon,

139

Hirschfelder and Rice have found that fear and ezcitement

definitely diminish the soporific action of sodium barbital in white rats,
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Holek and Cannon have administered nostsl to rats in
doses suflficient to produce acute depression within a feow hours from
which the animals apparently recovered. Iowever, most of them died
latsr, usually on the second or third day, from pulmonary edema and
fatty degenerative changes in the kidneys, heurt arnd lungs. Buch
delayed deasths occurred oceasionally even from subhypnotic doses. No
such delayed deaths wers observed after similar sdministration of
emytal, barbital, phenobarbital and eix other barbiturates,

Dille et a]..,141 in studying factors governing the distri-
bution of barbiturates in the various tissues, found that the rate at
which organa tske up berbital is relatively faster aftsr small than
large doses. Fabra142 fed harbitsl to & dog in daily doses of a gram
for 10 deys, and found 9.8% mg., 11.25 mg., 2.4 mg., 4.8 nmg., 4.4 M.
and 5.79 mg. of the drug respssctively i{n 100 Gms. of suprarenzls,
thyroid, testicles, pancreas, liver and brain. The amount in the
suprarenals and thyroid was proportionstely much greater than that in
the liwer and brain.

143

Olmsted and Ogden have found that amytal, in doses as
snall as 18 mg. per Eg. in a hoart-lung preparstion, increased the
dinstolie volume, the venous pressure ramaining conastsnt., With 27 mg.
per Kg., a greater dilation occurred with a diminution of useful outflow,

SQhultel44 has shown that pentobarbital and amytsl injections
given twice weekly to dogs for 205 days failed to produce specifiec

skin lesions or dasmage to the liver, kidney, spleen, or hezrt muscle,
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Barbiturates (Experimental)
Gensral Welfare and Behavior

Four barbituric acid derivatives and one mixture of
barbiturate and aminopyrine were given orally to white rats during
this investigation. The dosage schedule for these drugs is given
in Table I. The number of rats in esch group, the feeding period in
weeks and other dosags data are presented in Tables II and IIX,

Barbital and amytal {sodium salts) were adminiatered to
1itter mate male groups, both groups being ccuiruiled by male rsts
from the same litters. Allonal and sodium alurate were fed to fomale
groups which were litter mates, also controlled by the ssme group of
litter mates., All animals comprising the groups descridved in this
paragraph, -both males end femnles, ware from the ssme litters.

Sodium phenobarbital was fed to both males and femmles from
identical litters, the controls being from the sums litters.

Dosage data for the test groups deseribed above may be

sumnarized as folliows ==

Barbital, daily dosage range from 7.1 to 14.2 mg. per Kg. body welght
over a period of ninsty weeks, the average literature M.L,D.
beilng 355 mg. per Kg.
Amytal, dally dosage rznge from 2.0 to 6.0 mg. per Kg. over a period
of ninety wesks, the average literature M.L.D. being 137 mg. per Xg.
Phenobarbital, daily dosage range from 0.9 to 2.7 mg. per EKg. over a

period of 100 weeks, the average literature M,L.D. being 178 mg.

per Xg.
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Alurate, daily doeags rangs from 2.0 to 6,0 mg. per Kz. body welght
over =z period of ninety weeks, the average litersture M.L.D.
being 107 mg. per Xg.
Allonal, daily dosage range from 1.7 to 5.1 mg. per Xg. of alurate
and from 3.0 to 9.0 mg. par Kg, of aminopyrine over 2 period of

ninety weeks., M.L.D: not reported in the literature.

0f the six groups of rats that were given barbituric acid
derivatives, only the females on sodium phenobarbitzl evidenced any
marked variations in appetite and they were oha:rved to have s depressed
degire for food during most of the fesding period, This group nsver
rezched the weight peak gained by their controls but were consistently
below them in weight during the entire experiment. The males on sodium
phenoharbital had appetites comparasble to those of the ¢ontrols during
the first forty-six weeks of drug feeding but & depresaed desire for
food was obeerved during the last fifty-four weeks.

Reduced activity was observed in the amytal 2nd barbital
groups as early as the twenty-fifth weck of drug feeding. This decresse
in activity was very marked in the barbitel group, the animsle using
the turntable exercisers much less than d4id their controls, As will be
shown later, most of the barbltal animals refused to run on the maze.
The animals in the phenobarbital, alurate and allonal groups did no%
show any sizns of reduced activity in the cuge although the phengbarbital
groups, both msle and female, were considerably more sluggish on the
maze than were their litier mate conirols.

Twenty-seven of sixty animals originally present in the
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barbiturate groups survived the feeding erperiments. These rats,
together with twenly-six from the control groups, were killed when
the drug fesdings were stopped at the eud of the feeding periods,
The internal organs of the test animzls were subjectzd to careful
macroscopic exumination and were compared with those of the comtrols.
No ebnormslities attributable to barbiturate medication were found.
The lungs of all test animsls were exsmined with particular care and
seemod to compare favorably with those of the controls. These post-

mortem examinations revealed no evidences of barbiturats toxiecity.

Hortality and Causes of Death

A death rate comparison for ell groups of rats included in
this investigation is presented in Table V. The death rate in the
entire colony seems to have been rather high during the experiment.
All groups in the colony totalled 203 rats ot the beginning of the
Tesding period and thers were ninety-one deaths during the exparimental
pericd., In terms of per cent, 44.8 per cent of the control and test
animals died during the investigation a2nd 55.2 per cent murvived.
Deaths in terms of mortality rate have been 448 per 1000,

Drugs were administered to 138 rats in seventeen groups and
seventy-one of these animals died during tke feeding pericd. The test
aninals were controlled by sixty-five rats snd twenty of the latter
died during the seme period. On a basis of per cent comparison, 51l.4
per cent of the test animals died as compared to 30.8 por cent of the

control animuls, It seems evident, therefore, that the drugs
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adninistered during the experiment have exercised, as a group, a
considerable degree of toxicity, judging, at leact, from s comparison
of death rutes for the control and test animals,

As 1z seen in Table V, the higheat death rate for all groups
in the colony wes experienced by the barbital rales, only three of
thirteen surviving the medication. The phemolphthalein animals were
next with three deaths in a group of four. The acetrnilid group
sufferad the least deaths of all test groups in the colony with only
one death in a group of five,

The high death rate of four of eight females controlling the
aspirin and phenobarbital female groups is accounted for by the fact
that one of the deaths occurred after the removal of a growth, and a
second as a result of hemorrhage after the end of the tail had been
clipped for the purpose of obtaining blood for counting. When these two
deaths are excluded, the actuasl death rote in the aspirin-phenobarbitel
female control group is two of eight or 25 per cent.

Two of the aspirin females died after the removsl of growths
not attributable to drug medication, since, as stated sbove, a similar
death occurred in the control group.

Mention should also be made of the faet that two of the three
deaths occurring in the aminopyrine group were due to bleeding after
¢lipping the tail.

¥hen these considerstions are tsken into account, there seecms

to have been a pignificant incresse in the per cent of deaths in the

following test groups, as compared to their controls «- barbitul,



K
phenolphthelein, phencherhital nales, antipyrigs, aspirin nmzles,
smybtaly cincophen, phanacekin and alurate,

Significant variations in the death rate 4id not ooccur in
ths following test groups -~ caffeine fameles, phonobarbitel females,
aminopyrina, allonsl, ™ALL™ Group and acstanilid. Although the
nspirin female group and caffeine mele group each exparienced higher
death rates than did their coatrols, the variations are not gufticiently
large to be considered significant. However, the fact that both female
and male groups on aspirin had higher desth rates than did their
respective controls does appear to be signific.at.

Only two disenses were observed in the colony during tud
investigation, i.e., rat pnoumonie and middle-ear disesse. IRoth diseases

o

ars deseribed by Gresmnan and Duhring.p Two males and three females
developsd the middile-ear disense during the experiment. One male was
in the cincophen group and the other was in the ™f11* Group control
group, Of the three females developlng the diaeaso! two were in the
aminopyrins group and one was in the caffeins femals group. Tha first
indicution of the disecase is evidenced by the fact that the animal
holds its head to one sids and tends to go in a cirecle. When held by
the tail the animsl will spin rapidly, and will sven twist the tail off
if allowed to continue. Gresmman and Duhring2 describe the disease as
an infection of the middle esr which may frequently result in mastoid
abscess, Although some of the animals with the diseass wers observed

for saverszl months, there wae no external evidence of an abscessed

condition. The middle-ear snimals ssemed to have normal appetites and
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continued to galn weight with the roimmel rats. This author doubts
the possibility of infection from one animal to ancthoer hecanss of
the fact that the middle-ear rubs wsre allowed to remailn with the
group for months without other cassns dsveloping.

So-called "rat pneumonia™ waa responsible for 53,8 per cent
of all deaths in the e¢olonmy during the investigation. The progress of
the disease was much more rapid in our experience than in that of the
suthors mentionnd ﬂs’t;u:ove.i2 They dascribe a period of umnaturszl, noisy,
labored breathing at the onsst of the dissase. In forty-nine enses of
‘pusumoniu observed during this investigation, tlLere has been no sign
of noisy breathing, but rather an apparent complete absence of braath-
ing, when the disturbsnce was first noticeds In & nunber of instsnces
the nostrils have been completely obstructed by the finger and little
or no ypaseage of sir could be detecteds The normal snimal will not
permit such treatment even for a second, but the nneunonia rat seemed
to suffer no added discomfort even af%er minutes. This is taken as
proof that the pneumonia rat was unable to breathe through the nose,
The anim:ls, as a rule, died in & few hours, presumably from suffocation.

%We have, in a mumber of instunces, clesred the nostrils
with an ephedrine inhalant and have been anbls to keep some of the
animals alive for as long 2s a week by feoding warm milk chocolate
from a medicine dropper.

Mamy of the animals were examined carefully aftoer death and,

in every instance, the lunge were found to be badly congested with a

watery fluid., The air passzges were swollen almost to obliteration.
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A11 of the sbdominal contents had e bad odor even though the diseuse
had been of but = day or so in duration., The glood wes thick and
dark in color end clotted slmost immedlately, Bacteria were ocultured
from the lung and lung contents.

In view of the fact that s0 many deaths in the colony were
esused by pneumonia, it seems desirsble to present a discussion of
desths in the different groups on this basis. Tables VI to X in-
clusive have been prepared from the data on deaths for this purpose.

It was evident quite esrly in the experimental period that
many of the barbiturate animale were dying with pneumonia. This was
especially true in the barbit=l group. A comparison of pneumonia
deaths in sll barbiturate groups is presented in Table VII. There were
ten deaths in the barbital group aond all of them were due to pneumonia.
Ko other group in the colony suffered ss high a per cent of pneumonia
deaths as did the barbitsl group, seventy-seven snd seven-tenths per
cent of the animals dying with the disense. As shown in the tsble,
ths pneumonia death rate was higher in sll of the six groups on
barbituric acid derivatives than in their respective controls. The
difference is least marked in the phenobarbital female and allonal
groups, Allonsl, as has been stabted, contains aminopyrine and alurate.
It should be noted that the per cent of deaths due to pneumonis wams
nearly four times as high in the alurate group as in the controls,
while in the allonael group, it was nearly two times as high., The
animals in the two test groupe and in the control group were litter

nates,
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This rather marked difference in the per cent of pneumonia
deaths in the alurate snd allonal groups is especially interssting
in view of the fact that allonel, as has been stuted previously, has
been refused acceptance by the American Medicsl Association Gouncil.7
The group of females on allonal haa experienced the lowest death rate
of all barblturates tested. Table I showa that the allonal group
received almost as much of alurate as did the sodium alurate group,
and that they slso recelved sminopyrine in dosages equal to three-
fourths the doge given to the aminopyrine group. This would seem to
indicate that aminopyrine hes reduced the toxioity of ellonsl, and it
will be shown later that sminopyrine, next to acetanilid, is the
loast toxic of the antipyretic drugs.

A compnrison of pneumonia deaths for the different classes
of drugs is given in Table X, and this comparison proves quite conclue
sively that the pneumonia death rate was extremely high in the
barbiturate groups. It was, in fact, twice as high as for any other
class of drugs.

A pimilar comparison is presented in Tabls VIII for the
antipyretic drug groups. The varietions in pneumonia deaths in these
groups, as comparad %o their controls, are not as marked as in the
barbiturate groups although every group of animals receiving an anti-
pyretie drug, with the exception of the aspirin meles and espirin

females, hzs suffered more deaths in terms of per cent than have their

respective controls. The antipyrine females show the highest, 44.4

per cent, while their litter mates, the aminopyrine femnles, show the
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lowest, 1l.1 per cent., Both of these groups were controllsd by a
group of litter matea in which there were no pnoumonia desths.

Table X shows that the groups receiving antipyretic drugs
ranked next $o the barbiturate group in pneumonia denths, although
the per cent of pneumonia deaths is slightly less thsn helf of that
in the barbiturate group. The per cent of pneumonia deaths in the
antipyretic group is also seen to have been twice that in all controls.

A comparison of pnsumonia deaths in mll groups receiving
non-antipyretic =nd non-barbiturate drugs is given in Table IX, Of
these drugs, phenolphthalein is the only one that shows a marked
inerease in the per cent of pneumonie deaths, there having been 50
per cent in the group as compared to 12.5 per cent in the controls.
Table X lists this group of drugs (Other Drugs) third in per cent of
pneunmonia deaths,.

Table X shows that the pneumonia death rate in all test
groups was three times as high as in a&ll) control groups, Comparisons
are also given in the table for female teat groups, male test groups,
fenale controls and male controls. There seems to have been no
significant variation in pneumonia decths between males and females,

Two rather striking statements may be s:31d concerning the
data presented above, first, that the barbiturioc acid derivatives
increase the susceptibility of an animal to pneumonia, and, second,

that the antipyretic drugs furnish no protectlion egainst it.
One additional point should be mentioned concerning the

barbiturste animals pnd pneumonia. It has elready been stuted thab
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gsome of the pneumonia animals could be kept alive for as much as
a week by the applicstion of ephedrine inhslant to the nostrils and
forced feeding with warm chocolate milk, The barblturate enimsls
with pneumonia did not respond to this treatment, and the duration of
the disesse was much shorter in these rats than in other groups. As
a rule, the barbiturate rats would appecr normel at the evening feed-
ing, would be unable o breathe the next morning and would be dsad by
noon. Control animals, or rats in test groups other than the barbi-
turate, might live for one or two days witkout treatment, and might
be kept alive for as long as a week by the ephedrine inhalant treatment
and forced feeding. There seems Yo have been plenty of svidenco to
warrant the conclusion that the disease was more severs, ss well as

more frequent, in animals on barbiturates,

Effect on Growth and Msintenance of Weight.

The twenty-four groups of rats in the colony during this
two and one-half yeur experiment were weighed weekly by litter mate
groups during the period of rapid growth, and once every two weeks
thersafter. The animsls were welghed in a tarad pastebosrd box on a
2000 Gm. dletetic scale. The scale was calibrated at the beginning
of the expsriment with metrie weights and was checked for accuracy
each time it was used during the investigation. Growtk curves for all
groups are presented in Figures 1, 2, 3, 4 and 5. They are point %o
point curves and give the average welght for the group at the different

points.
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A carsful study of the literature hus revezcled very little
information conceraing the growth and weight effacts of the thirteen
drugs investigated. However, Ghasel45 has reported that caffeine, in
doses of 0,119 mz. per Kg., preduced = marked retarding of growth in
chickens, The dose used by Chase ig thirteen tixes the maximum doze
given to rets during this investigation. Eichler end Mngg,eu have
subjected white rats to chronie poisoning by the administration of
large doses of caffeine, 100 mg. per Kg. per dny, through four gener-
ations of interbreeding, and found that the drug produced no ill
efTects other tham 3 transient fall in weight Just after the medicetion
w28 begun,

42

Higgins and MeGuigan  found that white mice could consume
325 ng. per Kg. of acetanilid daily with no significant effect upon
growth or health., A dose of 650 mg. per Kg. daily was continued for
six weeks with no effsct other than a delay in growth. The writer
suggests that, since the drug has a slightly burning taste, the
palatability of the food mixture would be changed sufficiently to re-
duce food consumption with a delay in growth ss the result, Nine mg.
per Kg. was the maxinmum dosage used in thia experiment, one seventy-
third of that given to rats by Higgins and HcGuigan.

Helmss‘!:l has found that white mice wlll take 675 mg., per Kg.
of acetanilid, which is one-helf the M.L.D., daily 15 their drinking
water with no effect other than a delay in growth, which is regained
when the drug is withdrawn, Mice, according to Helms, will t:ske

500 mg. per Kg. daily for one month and will triple their welght
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during that period.
146

Smith and Hambourger have given I8 mg. per Kg. of
acetanilid orally to rats aix times a week for thirteen weeka with
no significant varietions in growth resulting., These authors found
also, that 200 mg. per Kg. daily caused no significant differences, tut
vhen the daily dose was increased to 400 mg. per Kg. the animals grew
mors slowly than untrested snimals,

Radwin end Ledarerw have glven white rats daily intra-
muscular injections of acetanilid equivalent to the human dose from
periods varying from 140 to 180 dsys. Most of the animals lost weight
and none of the animals gained as rapidly as did the controls.

Lehman and Hanzlikal have fed cincophen to white rats on a
basis of 0.5 and one per cent of the food, the medicztion belng con-
tinued for twenty weeks, Bince the average food consumption for an
adult rat 18 about 20 Gm. per day, the rats received from 100 mg. to
200 mg. per Kg., of cincophen daily {writers comment). The authors
make no specific refersncs to growth effects but atate that no injuries
resulted from the medication.

mller147 gave sixteen dogs 300 mz. per Kg. of aminopyrine
daily for four weeks. This suthor mentions no growth effects produced
by the medicsztion.,

148 _

Swanson et al. have given monkeys the minimal anesthetic

dose of 35 to 40 mg. per Kg. of eodium amytal three times weokly for

six months, They state that the animals continusd to {ncreszse in

weight although no mention is made of controls.
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Robinson et als have administered aspirin in doses range
ing from 22 mg, t0 623 mg. per Kg: body weight to white rats varying
in age from nine to twenty-nine wesks. They report that twenty-nine
woeks of the madication produced no effects on the growth curves.

An inpspection of the reports presented atove would seem
to indicate that caffeine may retard growth, and that acetanilid does
likewise if the daily dose is extremely larse. Growth effects of
¢incophen, sminopyrine and smytal are doubtful. Asplrin, as reported
above, has no effect on growth, NHothing has been found in the litera-
ture which would indicate that the other drugs used in this invesgil-
gation have any effect on growth or maintenance of weight.

Figure 1 presents the growth curve for the caffeine groups,
both male and female, and their litter mate controla. These curves
show conclusively that ¢affeine, in daily doses comparable to the
adult human dose, has retarded weight gains in both males and femnles.
Particularly noticeable is the fact that neither the males nor
Temales ever raached the weight pesks geined by thelr respeotive con-
trols, It i=, howsver, interssting to note that three of the groups
gained their respective weight peaks at exactly the szme point in the
feeding period, i,e., at the sixty-sixth weck of sge. At this point,
the caffeines males were 38 Gms, per animal, or 6.6 per cent, below
their controls in weight. The difference is more marked in the

caffeine femesles, the latter being 21 per cent below their controls
at this point, Attention is calied to the fact that the esffeine

females reached their wsight peak at the one hundred eighteenth weck,



8l.
after having geined rather steadlly for about ten weeks proceding.
However, the fact that the eaffeine groups were consistently below
their controls durinz most of the feeding period is considersd nore
significant thuan are single period compzrisons.

A very marked welght loss is observed for the caffeine
msles during the twenty-sixth to the thirty-third waesk. Both control
and test animule were learning the maze during this period, and,
while the amount of food per duy was redueed during maze lenrning, it
wag reduced in exactly the ssame sroporticn for both the control and
test groups. Cooked food was taken out of the diet during this period
and the animsls were given the usual milk twice daily, supplemented
with Purina Fox Chow and lititum, The caffeine males lost 80 Gms. per
animal as compared to less tham 10 Gms. in the control group. The
females were learning the maze during the asme period but no difference
is to he seen in the weight loss for the test and control groups.

It is interesting to rote that both males and fencles on
caffeine geined the lost weight rapidly after theo cooked food wus re-
turned to the diet, and that ezch of the test groups prased their
controls for a dbrief period at the thirty-fourth wesk for females and
et the thirty-eighth wesk for males.

Because of the fuct that therse were only three rats left in
the female control zroup after the elghty-seventh week, an suxiliary

curve for all other female confrols in the colony has bteen included

from the seventy-sixth to the one hundred nineteenth wesk. Although

the curve covers the same period with reference to seasons, the animsls
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aversged from sixtesn to thirty-~two weeks younger than the ceaffeine
group. In spite of this differsnce in age, the four females in the
caffeine group were considerably helow the colony controls iIn weight
during this peried.

In discussing the effects of caffeins medication on general
welfure and behavior, the statement was made that toxie effects were
obgerved in the caffeine mules during the last five wackse of ths fsed-
ing perlod. The growth curve for this period offers striking evidence
of this condition in the caffeine males, ¥hile hoth control and test
animzls lost weight between the ninety-second and ons hundred-second
woeks, the loss was conslderably grezter in the eaffeins males than in
the controls. The caffeine males continued to lose welght rupidly while
the controls wore gaining weight just as rapidly when the feeding was
ended.

The growth curves presented in Figure 1 seem to show con~
clusively that caffeine has s weight depressant effect in both males
and females end that this effect 18 greater in femsles then in males.

Growth ourves for the aspirip-phenobarbital control groups,
both male and female, are presented in Figure 2. Aspirin geems to
have stimulated weight production slightly in the male group during the
first half of the fesding period and to have depressed it during the
latter third. The opposite effects seen to have been produced in the

females on agpirin. The weight increase in the female aspirin group

is quite marked from the sixty-seventh to the one hundred tenth week.

The aspirin animals gained an averzge of 91 Cms. during this period
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while their controls ware gailning ap averags of 62 Gme, The thrae
aspirin femeles aversged 48 Gm, more in weight than did the four
contTols when the experiment was terminated szt the one hundred tenth
weck., It seems quite evident, therefors, that aspirim has stimulated
weight gain in the females on asplrin after a questionable depression.
Opposite, less marked offects wero producsd in the aspirin malss.

45 hag been steted, amytal wae edded to the aspirin for the
aspirin femeles from the ninsty-fourth to the ninety-seventh weeks,
This change in medication is not reflected in thse growth curve slthough
the animsals grew rapidly heavier, as compared to the controls, during
the followlng weeks. The aspirin males were without the drug from the
ninety«first to the ninety-fourth week. No significant chmnge in the
growth curve is seen during this poriod,

The curves for the phenobarbital group, male and female, geem
to show thut the drug has depressed weight g2ins in both sexes. The
offect of the drug is much morse noticezble in the female group than in
the male group since the female test animsls wers consistently below
their controls after the first ten weeks of the feeding period. The
phenobarbital females lacked an average of 50 Gms, por animal of gaining
the welight peak reuched by their controls at the ninetieth week, The
test and control animals approached each other rather raipidly during
the lust Yen weeks because of a more rapid loss of weight in tha control

group, There were thres pherobarbitsl females and four litter mate

controls in the respective grouss when the experiment was ended at the

end of one hundred ten weeks. The aninals in the test group aversged
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16 Gm. under the controls at the end of the feesding.

Velght depression wea not obsgerved in the phenobarbitel
neles until the fifty-sixth week but wee sufficiently marked from
then on to be considered significant. The phenoberbital meles also
failed to reach the weizht pesk gainsd by the comtrols at the
eighty~sixth wsek, averaging 75 Gm. below at thia point. Attention
should be called t0 the fact that the aspirin femz=les exceeded the
phenobarbital muales in weight at the one hundredth week of age. This
is the only instance in the author's experience whure females have
out-weighed litter nate males at any given age.

The phenobarblital males were without the drug from the
ninety«~first to the ninety-fourth weck, the growth showlng no signifi-
cant variction from the gontrols during this period. The vpheno-

barbital femazles were off the drug from the ninsty-fourth to the

ninety-soventh week, The growth curve shows a nore rzpid gain as
comparsd to the eontrols during this period.

Growth curves for four berblturate groups and their controle
are gshown in Figure 3. All of the snimals in the six groups were
from the ssme litters, Weight effects from barbiturate medication
are not marked in any of the curves, It is interosting to note,
howsver, that if the drug feedinzes had bean stopped at the fortieth
week, it would have secmed evident that szodium barbite=l had stimulated
weight gain while sodium smytal had depressed it. During the last
ten weeks of feeding, the barbitsl animsls were considerably above

the controls in weight. There wers three rats In the barbitel group,
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five in the smytal group and eight in the control group when the
experiment wos stopped ui the one hundradth week. A compurison of
the curves for the test end control animals would ssem to warrant
the statement thet barbitel and amytal do not depress welght whon
glven to rats in relative therspeutic doses., Withdrawal of the drug
for both male groups {barbital and emytal) from the efghty-Tirst to
the eighty-fifth weeks is not reflected in the growth curves,

There were six allonal females, five slurete females apd
seven control females left in these groups when the experiment was
stopped at the one hundredth week, During most of the feading period,
the test groups renged above the controls in weight, the allonal
animals gaining cousiderably above the controls during the last sixteen
woeke. At the one hundredth wesk the allonal femalen aversged sixty
grans heavier than the controls.

If allonzl or alurate have had any eoffect on growth it has
been a stimulrting rather than a depressing effect, for both test
groupa were sbove the controls during most of the feeding period. Both
female test groupe were without the drug from the eighty-sixth to the
ninetieth week, No sbstinence effects wers obssrvable in the curves
during the withdrawal period but there is some evidence of stimulation
following this period.

Growth curves for the eminopyrine snd antipyrine femsle
groups end their controls have been drawn in Figure 4. The only con-
sistent variution from the controls is exhibited by the sminopyrine

group, this group heing consistently below the controls during most of
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the feeding pericd. The animaleg lacked 50 Gmas. of resching the
weight pesk gained by the controls at the eightieth weck and viere
tbove the controls only twice during the feeding period, i.e., st
the thirty-ninth and rinsty-second weeks.

There were glx femsles left in the eminopyrine group at
the end of the one hundredth week ss compared to three in the anti-
pyrine groecp and gever in the eontrol group. At this time the
emiropyrine animals averaged 15 Gms. per animnl below the control
group while the antipyrine group averaged 20 Gms. sbove the control
group. Tke antipyrine animsls gained very rapidly on the controls
during the eightieth to eighty~fourth weeks apd held the galn until
the feeding wes stopped at the end of the one hundredth week. DBoth
test groups were off the drug from ths seventy-ninth to the elighty-
third week., Welght gain was etimulated markedly in the antipyrine
group during this abstinerce period, The aversge weizht of the group
reached the extremely high level for females of 380 Gm, per rab.
Both %est groups and contrel groups experienced weight guins during
this period but the gain wns most marked in the antipyrine group.

%hile the varictions are not merked for either eminonyrine
or antipyrine animsls, it seems safe to conclude that aminopyrine
depressed weight gains very slightly while antipyrine had the
ovposite effect,

Also included in Figure 4 are growth curves for the acet-
anilid group, the ™All" Group snd their controls, =1l of which are

mule groups. Growth ourves for phenacetin, cincophen and
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phanolphthalein gxoups are presented in Figure 5. All of the rats
roprasented by the curves in Figurezs 4 and 5 wors from the sama
1itters. The mals rets in the phenacetin, cincophsn, ucetanilid,
phenolphthalein and "All" Group groups were controlled by the sume
group of litter mates, The male control curves in Figures 4 and 5
are therefora identical.

In the discussion which was given at the beginning of this
section on weight effects, four references wers made to literature
reports all of which stated that acetanilid, in sxtremely large doses,

_ 41 42 77 146
caused a delay in growth. Two of the rsferences stated
that smaller doses had hed no effect on the enimsls treated.41 18

A study of the curves for the geetanilid and control groups
in Figure 4 seem to prove concluaively that ascetanilid, when given
orzlly to white rats in doses eguivalent to humen usage, stimulates
weight productiocn, The acetanilid animsls were consistently above
their controls during the major part of the feeding psriod. At the
weight peak, gained by the acetanilid animals at the ageventy-Tourth
week and by the controls at the eighty-second week, the average weight
of the acetanilid animals was 567 Gm. as compared to 480 Gm, for the
controls. The acetanilid animals aversged 18 psr cent heavier than
did the controls at the respective welght penks.

Reference hus been made to the appeursznce of toxie sffsctn
in the acetanilid group after the eighty-soconé week of age. The growth
curve for ihe group from this point to the end of the fesding period

reveals ample evidence of such effects for during this fourteen week
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period the animzls lost an average of 120 Gms. They sactually lost
a8 much during this fourteen week period as they had gained during
the preceding fifty-eight weeks, During this ssme fourteen week
period the controls gained 15 Gm. per animal.

That portion of the curves for msle groups between the
thirty-sixth and fiftieth weeks representa the welghts of the different
groups during the hot months of July, August snd September when the
laborsatory temperature freguently rose to 100°P. The animsls in the
colony ate very little besides their milk during this pericd, but
attention is called to the fact that the acetanilid animals lost
appreciably less weight than did thelir controls or the "4ll® Group.
This would suggest, at least, thzt acetsnilid had protectad the
animals from the heat effects experienced by other groups.

The growth curve for the "All" Group, Figure 4, shows with-
out question that the 129,8 mg. por Kg. daily dose of a mixturs of
nine drugs did not depress growth. The animuls wers above the controls
during most of the feeding period, being significantly above during
the fifty-fifth to seventy-fourth weeks. The animuls lost weight
rapidly after the seventy-fourth week and aversged 35 Gm. below the
controls at the end of the ninety~-sixth week. Ths animels in the "All®
Group received caffeine and phenolphthalein, both of which depressed
weight geins rather markedly when given singly, and they also received

acetanilid and phenacetin, both drugs having stimulated weight galns
Just as markedly. Curves for phenolphthalein and phenacstin zre

presented in Figure 5. Other drugs included in the "All"™ Group
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medication, i.e., cinocophen, aspirin, barbitel, aminopyrine and
antipyrine have had 1ittle or no effect, It will be pointed out
later, bowever, thet cincophen and phsnacetin caused rather marked
woight losses during the lsst few weecks of medication. The "All"
Group lost only & little more weight during this period than did
the controls and were gaining weight, as were the controls, when the
experiment was stopped at the end of the ninety-sixth week., It secus
reasonsble to say that the combination of nine drugs given orally to
the "All" Group have ceused a slight but appreciable weight stimu~
letion, and further; that the delayed weight loss effects produced
by several of the drugs when given singly have been observed only
alightly in the "All" Group.

The weight curve for the phenacetin males (Fig. 8) is very
similar to the weight curve for the acetanilid mmles (Fig. 4), the
important difference beipg that the acetanilid animsls were consider-
ably heavier than the phenacetin animals during the entire feeding
period. As compared to the controls, the curve for the phenacetin
group shows a rather merked stimulsting effect during most of the feed-
ing period. However, in contrast to the acetznilid animals, the
phenacetin group reached the waight peak for the controls at almost
exactly the ssme polnt apd welght.

Like the acetznilid group, the phenacetin animals were much
less affected by the hot months of July, August and September. Also,
as in the acetanilid group, the phenacetin group suffered s marked

loss in weight after the eighty-second wesk of age, this period
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coineciding exactly with s similar loss period in the acetanilid
group, The phenecetin snimsls lost an aversge of 75 Cm, during this
fourteen week pericd,

Attention has already been called to the closs simlilarity
of these two drusgs, acetanilid and phenacetin, chemically. Vhen
this close eimilarity of chemical composition la consldered, it is
perhaps not surprising that the two drugs should have slmost identical
effects upon the normsl animal. Both drugs have been found to
stimulate weight grain, both drugs have protected the animal from
excassive loss during extrene hot weather, and both druzs have caused
a marked weight loss during the last weeks of medication., Acetanilid
is moat effective in stimulating weight production, and while the
latent effect of weight loss was more marked in the scetenilid
animals than in the phenacetin enimals, much of the difference was
probably due to the fact that the scetanilid animuls were considerably
heavier when the toxic effects became evident,

Variations in the weight curve for tho phenolphthalein
nales (Fig. 5) can have but little significance because of the small
number of animals in the group. There were four animals at the bee
ginning of the feeding period and only one at the end of the experiment.
The curve shows, however, a rather merked depression during the Tiftesanth
to the eighty-second weeks. There wers four animals in the group up
to the fiftieth week and they are seen to have experienced very little
loss during the hot weather between the thirty-sixth and fiftieth

weaks, probably because of the fact that welght had been depressed so



91.
markedly preceding this period., There wae only one animal left in
the group at the end of the feeding and it weighed slightly less
then the aversge of the controls.

Cincophen sesms to have hed little effect on the growth
of male rats during the first fifty-five weeks of feeding. The
growth follows that for the controls rather closely up to sixty-five
woeks of age. TFrom this point on, however, the delayed toxic effects
mentioned under general welferse und behavior are quite evident for
the cincophen enimals fall rather merkedly below the controls, averaging
55 Gms. per animsl below when the expaeriment wss ended at the ninsty-
eighth week.

In summarizing the weight effects pressnted above, it secms
rezsonable to conclude that caffeine deprsases weight gain in both
muale and female rots. There iz a limited amount of evidence to show
that phenolphthaleln depreeses welzht gain also.

Of the five barbituriec scid derivatives, phencbarbituzl de-
presses vweight gain in both sexes, the offect being more pronounced
in female rats. Allonsl and alurate have a tendeney to stimulata
growth in females, =8 evidenced by weight increase, while barbitsl and
amytal have little if any effect on growth in male rats.

0f the antipyretics, acetanilid and phenacetin stimulaeted
growth markedly during the major portion of the feeding period, the
former more than the latter, the stimulating effects being followed
by marked depression during the lest wecks of the feeding period.

Aspirin has little if any effect on the growth of male ruts but
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stimulates growth rather markedly in females after a mildly depres~
sant effect during the firet half of the experiment,

Iminopyrine and antipyrine, although closely related
chemically, have had opposite effects on the growth of femsle litter
mates. While the effects are not marked, eminopyrine hus depressed
weight throughout most of the feeding period. Antipyrines had practicslly
no effect during the major part of the experimont but seems to have
stimulated growth rather markedly during the last sixteen wecks,
Cincophen caused marked welght reduction during the last thirty-three
weeks of the experiment.

A8 has been stated previously, there are few instances of

148
1ife cycles observations of slbino rots in the literature. Slonsker,

in 1912, studied the life oycle activity of normal rats and has given
the maximum weight of one eontrol mule rat as 331 Gms., reached st
the age of fifty-six weeks., The averege maximum weight for femsales
is given as 200 Gms,, reached ot an age of Torty-eizht wecks.,

Greenman and Duhring2 have given weight records, for both
nmale and female rats, through 150 days orly. The average maximum
vieight listed for males at this ege 18 294 Gms. znd for females, 209 Gms,

Sollman st al..l in 1920, surveyed much of the literature
portaining to normsal weight of albino rats, and 320 Om. is given as
the maximum weight for mesles at sixty weeks of age, and 250 Gms, for
females at fifty wecks of age.

Weight summaries for both male and female groups are presented

in Tablee XI and XII., In every group, the aver:zge weight ot 150 dnys
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2
is much groater than that given by Greemnan znd Duhring. The pesk
welghts for all controls are considerably greater then any found in

the literature, The plus and minus signs sre for the purpose of

comparison with the controls,

Blood Picture Effects of Life Cycle Drug Feeding

On The ®White Cell Count

As was mentioned earlier in this thesis, the author is not
aware of any precedent for this type of investigation. There has
been, however, an enormous amount of work published on the blood picture
of the normal albino rat. Adams and Shevkatfso in 1929, tsbulated
much of the material published for normal animals up %0 that time and
have called attention to the wide variation in values reported by
diff'erent investigators. They have also reported rather wide ranges
in values for rats of different strains. Thay give 13,379 total white
cells as the average for Wistar males and 9,997 as the average for
Mount Holyoke meles, Females are given similar values of 12,250 and
10,750 cells respectively. These velues are reported from their own
work snd are comsidersbly higher than vsalues given by other authors
quoted in the table, thelgzerage for all sexes being near 10,000,

However, Robinson et &l. have given 14,493 as the average totsal

white cell count for eight normel animuls.
152
Scarborough bas tsbulated the literature of the blood
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picture of normal lehoratory animzls and gives 11,530 as the sverage
of 134 counts reported in the literaturs up to 1931,

Abbott and Ahmann153 have studied the blood picture of
albino rats through ages varying from very young to mature animals
and have reported 5,700 white cells per cu., mm, as the average at ten
woeks of age, and 8,000 at forty-six weeks of rge. These few of many
reports, found in the literature show & wide renge of from 8,000 white
colls per cu. mm. t0 14,433 cells for the normal white rat.

Of the thirteen drugs included in this investigation, only
a few have been found reported on in the litersture from the point of
view of possible blood picture offects, Smith and Eambourgerl4s have
given 19 to 38 mg. of scetanilid per Kg, body weight to whit: rats
six times a week For thirteen weeks with no significant changes in the
bloocd piloture resulting. Doses na hiéh as 200 mg. per Kg. were also
without effect.

154

Smith has given 500 mg. per Kg. of acetanilid dzily to
nonkeys by stomach tube over a pericd of 107 doys without significant
effect on the>wh1t§ cell count.

Wilsonle hus studied the effects of large doses of aminopyrine
and of phenobarbital separately and of the two drugs combined on the
leucocyte count of adult rats. Daily doses of aminopyrine which were

ten to fifteen times the average oral dose for man were administered

subcutzneously to white rats for thirty-cight days, One rat showed a

gradual increase from 8,100 to 14,000 white cells por ocu. mm. in two

weeks, Three other rats showed incrsases of from 2,000 to 35,000 cells
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during the thirty-eight day period., Wilson found that daily doses
of phenobsrbital equivalent o one hundred times the average delly
dose for man produced no changes in the waite cell count of reats,
Marked increases were produced, howsver, when both drugs were given
simultaneously, ons animal showing sn increase of from 6.800 to
18,200 cells, Three other animels experienced increases varying
from 4,000 to 6,000 cells per cu. »m. of blood,

Smith and ﬁack}se zve found that the totsl white count of
albino rats weakened by a deficient diet could be reduced 50% by the
oral administration of s mixture of amytal and sminopyrine.

Boltonlss has studied the offect of eminopyrine upon the
blood cell count in dogs =nd reports that a mild leucopenia was
obeserved in one of the animals. Stier and Levy157 have studied the
influence of narcotics, ineluding sodium luminal, on the white cell
count of rabbits. These authors found a moderate lesucopenia oecurring
sometimes during and after ensesthesia. In some c¢ases there was no
change and more rarely 2 slizht leucocytosis wae observed.,

Robinson et 81.151 have administered aspirin to white rats
in doses varying from 22 to 623 mg. per Kg. body waight for eighteen
weeks without producing a signifieant change in the white eell count,
On the second dsy following the removal of the drug there w=s, however,
& total rise of about 60% in the white cell count, the count returning

to normal efter the sixth day.
146
Smith and Hambourger have given white rats dzily dosss

of 100 mg. of caffeine per Kg. body weight for thirteen wescks =nd
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have opssrved no signifiesnt changes in the white cell count,

¥rom the references given sbove it sesms reasonable to
accept 10,000 white bload cells per cu. mm, =8 the average for adult
rats,.

The above refersnces would also seum to indicste that
geatanilid, aspirin, phenobarbital and caffeins have ndo effect on
the white cell count of albine rats, but that aminopyrine incresses
the count rather markedly.

Totrl white and red cell counts were made on the blood
of 211 test and control animsls, with the exception of the phenol-
phthalein groups, at varying intervals during this investigation.
Buresau of Standards pipettes were used for making dilutions according
to accepted methodsa for blood counting.

Blood for the counts was obtuined by removing sbout onee

5
fourth inch of the tail with a razor blade, Scarhoroughldz has
stated that this method of obtaining blood gives valid rezults only
when the tail elipping is done at sufficiently long intervals to
eliminate the possibility of traums, with a high-grade inflammatory
reaction resulting in hyperleukocytosis. Thils possibility haes been
eliminated in the present instance by the fact that the shortest
interval between clippings was two weeks which a2llows ample time for
the tall to heal. Most intervsla were of ten weeks or more. The
¢lipped t2il henls very quickly in the rat, there being no evidence
of the operation after a week,

After sufficient blood was obtained, the tail was dipped
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in 10% ferric chloride soiution to prevent excessive bleeding. Only
three of BOD such operations resulted in hemorrhage after the animal
was returned to the cage.

Countings were started st about eight ofclock in the morning,
the test and control animzls being deprived of the rmorning feeding.
Test animals were given the drug as usual the night befors. Test and
control znimals were tcken alternatingly during a given scries of
counts in order to eliminate the factor of time with reference to the
last feeding period.

%hite cell counts for groups are presented in Tables ZIXIX
to XX, The averags age Of the group, together with the number of animals
in the group at that time, and the lowsst count, the highest count, and
the mean count are included 1n ezch table. The mean count for each
test group haz been compared with that of the controls for the szme
psriod and is presented in the tebles as the variation from controls.
A.,D. stands for average devintion from the meon within the individual

group.

Caff'eine Groups - Male and Fenale (Table XIII)

There seens to have been s graduzl depression of the vwhite
cell count in both males and females on caffeine up to the ninety~fifth

week, The variations were consistently negative, the maximum variation
being reached in each group at the ninety-fifth week. The marked

change in the count at the one hundred sixzth week may possibly be
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attributed to the produstion of tolerance to the drug, or it may bse
due to the fact that the white cell count in rat2 incresses rather
rapidly with age.s 158 This increase ig guite obvious in the controls
as w2ll as in ths test enimals. The author favors the latter

hypothesis since he hss slresdy stated that the males on caffelne

were Tailling rapidly at the time these counts were taken,

Barbiturie Acid Derivatives

Phenobarbital « Males and Females (Table XIV)

¥hite e¢ell counts have been determined in the phenobarbital
groups, both male and femule, at six points during the feeding period.
The resulis for all groups, including the litter nmats conirole, are
pregented in Table XIV,

It is difficult ‘o say whether or not the drug has caused
& significant variation in the male rats on phenoberbitsl, for the
variations ranze from a 413,3 per cent after sixty-six wsacks of drug
Teeding, to a -14.8 per cent after seventy-two wecks of feeding, as
compared $o litter mate controlss The positive varistion at the
seventy-sixth wsek of age may have been due in part, st least to s low
count in the controls at this point, for it is obsarved thst the
controls experienced the lowest average count of the six at seventy-

six ‘weeks. The phenobarbital males were without the drug for three

woeks preceding the counts tuken at the ninety-fourth wesk of age. It

i1s impossible to say whether or not this sbstinence period has affected
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the white cell count. The phenobarbitzl females were off the drug
for three weeks pracefing the count tsken =t the ninety-seventh weck,
Attention i8 called to the fact that the varietion as comparad to
controls changed from negatiive to positive in each test group. The
fact that the last three counts show a positive varintion may he
significant of a gradusl inecresse ip the white count.

The series of counts for the phenobarbital males ssoms to
indieate s rather definite increase in the white cell count 33 compared
to controls., It is, however, obvious that if the counte et the ninety-
ninth and one hundred eleventh wesks had not been tnken, a mild depres-
sion would have been suggested. The consecutive positive varintions
of 15,9 per cent and 23.9 per cent for the last tvwo periods are, it
seens, more significant especially in view of the fact that the males
on phenobarbital show positive variustions for these same periods,

These ecomparisons at least warrsnt the conclusion that if phenobarbital
has an effect on the white c¢ell count, the terndency is toward an

incrense,

Amytal-Barbital Groups (Tsble ZV)

There saems to be 1little cguestion as to the effect of emytal
and barbital upon the white cell count of male ruts., The first counte
were made after thirty-nine weeks of drug fesding and the last count

aftor ninety weeks of feeding., All of the six cournts tuken during the

experiment show an inerezse in the white cell count for both test

groups as comparsd to litter mate controls., The msximm varistion for
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the barbital group of -38,1 per cent wis reached at the seventy-
ninth week of age, after sixty-nine weeks of feeding. The barbitzl
animals were without the drug for four weeks preceding the eighty-
fifth week and the effect of this esbstinence period is reflected
in the white cell count. The counts showed a positive verintion of
26.1 per cent vhen taken at the seventy-ninth week, two wecka before
the withdrawzl period started, At the end of the withdraw:l period
the positive variation wae only 3.5 per cent.

The maximum positive variztion of 29.2 per ocent was raeuched
in the amytal group «t the one hundredth week. These animuls were
also off the drug for four weeks preceding the counts tuken at the
eighty-fifth week, However, the count at this tine seems to have been

unaffected by the sbstinenece peried, the positive varistion being
evon grenter that that obtsined slx weeks before. Five wesks after
the end of the withdraw:l period the positive wveriation was the
smallest of the six detsrminations, and the one obtained ten weeks
later was the largest.

It is possible that this apparent delayed effect of withe
Grawzl of amytel after prolonged administrztion of the drug, as com-
pared to the more immediate effect after withdrewel of barbitsl, may
be accounted for by a alfference of storage in or fixstion by the
tissues. Koppanyi et 61.125 nave reported that normel dogs, cats and
bumsne exoreted from 42 to 89 per cent of barbital during esven days
as compared to 13 to 16 per cent of phenobarbit:l,

124
Shonle et al, have reported that =mytal and pontobarbitsal
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are excreted oanly in traces {f at 2ll in the urine of men and dogs
following the sdministration of their sodfum salts. Under the sume
conditions they have found that bartital and sodium barbitul are
excreted as such in the urine. They assume from this differsnce in
the rate of elimination in the urine of thess barbiturates, and from
the fact that both anim=ls and man recover more rapidly from the
effects of amytazl than from barbitsl, that the body must necesesrily
destroy amytal more rapidly.

The delsyed withdrawsl effect evidenced by the lower white
cell count at the ninetieth weeck sugiests tie possibiiity that not
only is amytal eliminated to a2 less extent by the urine than is
barbitsl, but thut it is fixed mors firmly or more completoly by the

body tiesues.

Allonnl-Alurate Group (Table XVI)

It will be remembered that allonsl is e mixture of alurate,
or allylisopropylbarbituric acid, and eminopyrine, White cell counts
for the allonal group are presented in Table XVI. Variations in the
count as compared %o controls are observed to have been consistently
negative from the fiftieth week, when the first counts were takon, to
the ninetieth week when the variation becsme slightly positive. The

drug seems therefore, to heve depressed the white cell count during
this period. The animsls hed been off the drug for two and one-hslf
weeks preceding the count taken at the eighty-eighth week, The count

&t this time showed a negative variation as compared to controls of
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7.2 per cent. Four woeks previous to this, and ons and one-helf
weeks before the withdrawsl peried started, the siznificant negative
variation of 19.9 per cent was obtained. At the ninetieth weok,
after four snd cne-hslf weeks of withdraw:l, the variation had changed
to slightly positive and was found to be slightly positive thirteen
weeks later, at the one hundred third weck.,

The ssries of six counts %tsken during the feeding period
seens to prove without guestion that alleonal raduced the white eslld
count in female albino rats. In the introduction to this sscticn the
statoment was made thet Wilsonlss hed found that a mixture of amino-
Pyrine snd phenobarbitel incresased the white cell count.

A consideration of white csll counts for the alurate animzls
(Tsble XVI) shows guite conclusively that the drug has increased the
vhite cell count in femasle rats. The negative variation of 11,6 per
cent obtained at the fiftieth week would probatly be significant if
copsidered alone. Any possible significence that it might hsave is,
however, overshadowed by the fact thet the five counts tsken after
the fiftieth week were consistently positive,

¥ithdrawsl effects are very asvident in the elurate tsable,
for the positive variastion of 22.8 per cent at the eizhty-second week
was reduced to 4,1 per cent at the eighty-elghth wesk, after two and
one~half woeks without the drug. No further reduction was produced by
an additional two weeks without the drug.

From the materiel presented in the preceding psges the author

feels that the following conclusions are warranted -
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Allonzl, a mixture of a barbiturate and an antipyretie,
lowers the white blood cell count in female albino rats,

Phenobarbital effects are less conclusive than are those
of other barbiturates used in the investigation but the results seen
to indicate that the drug causes an incressc in the white cell count
in both male and female rats.

Barbitual, amytal and alurste produce marked increases in
the white cell count of albino rats, there being little if any

difference in the action of the three drugs inm this rsspect.

Antipyretic Drugs

Aspirin Groups - Male and Female (Table XVII)

The effects produced by aspirin on the white cell count in
the blood of both male and female rzts 1s presented in Table XVII.
Counte teken at six different periods during the investization show
guite conclusively that aspirin has stimulated whito cell production
in both sexes, In only one inatonce huas the count shown a negative
variation ss compared to the controls and ttat cccurred «t the fifty-
eighth week in the female group. This marked difference from the
genoral trend toward an inereszse cannot be explained by the suthor.

It will be recalled, however, that the drug had a similar effect on

weight in females, first depressing weight slightly znd then causing
a2 rather marked increase in weight gain,

%hen the counts wore token at the ninsty~geventh week, the
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females had been glven a mixture of amytul nnd aspirin for three weeks
preceding. The marked increzse in count to a positive variation of
59,4 per cent conforms with Wilson's report that a mixture of pheno-
barbital and aminopyrine (barbiturate and aptipyretic) caused a marked
increase in the white cell count.

The mules on aspirin were without the drug for three weeks
preceding the counts taken at the ninety-fourth week. This withdrawsl

period is reflected in the marked lowering of the positive variution.

iminopyrine-Antipyrine Group {Tzble XVIII)

The results presented in Teble XVIIT conform with those
obtained by Wilson}ss after continued dsily administrution of amino-
pyrine to white rats. He, however, guve much larger doses for a much
shorter period (38 dzys).

The positive variastion observed at the fifty-elghth week,
73,7 per cent, is the maxinum varistion observed for any group of anie-
nals during this investigation,

The aminopyrine animzxis were without the drug for four and
one-half weeks preceding the counts teken at the eighty-third weesk,
The counts taken at this time snd at the eighty-first week show =
significant decrease in the positive variation.

The close similarity in chemicsl strueture of aminopyrine
and antipyrine is shown on page 8. This similarity of chemical

structure iz not reflected in the effects of the two drugs on the white

cell count, for the effects of antipyrine cannot be said to have bsen
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consistent in any direction. Hers is another instence that reve:ls
the inadvisability of relying upon a single detsrmination for drawing
a conclusion, for if only the counts obtained at the fortieth week
wers considered it would seem quite conclusive evidence that the drug
had caused & deecrezse in the white cell count. The author cannot
account for the marked increase in the white cell count for the anti-
pyrine group &t the fifty-eighth week ss compared to the count at the
fortieth week., It might be possidle that the animal body had improved
in its ability to metaebolize or eliminate the drug. There is un-
questionably a rather marked increzse in the count from the seventy-
third to the ninety-fifth week, there being a change toward the
positive side of 48,6 per cent.

The animals were without the drug for four sand one~half
weeks preceding the counts cbtained at the eighty~-third week. This

abstinence period is not reflected in the white cell count.

Acetanilid-Phenscetin Group (Table XIX)

Both of these antipyretic drugs have czused a marked increase
in the white cell count of male ruts as evidencsd by counts determined
at six points during the fesding period. The maximum positive varia-
tion as compared to the controls was obtnined in the phenacetin group
at the eighty-fifth week and in the acetanilid group at the seventye
ninth week. The fact that all variations from the controls are positive
is considered as being most significant. Both groups were off the

drug for five weeks preceding the counts made at the end of the
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ninety-first weck and this ebstinence period has resulted in a
ratiner marked lowsring of the white cell count in esch group.
Phenacotin and acetini{lid are very closely rolated chemically,
the former boing the ethoxy derivative of tie latter. It 1s, thorefore,
not surprising that the similarity of effsct observed on general welfare

and weight gain should be also evidenced in their effect on the wnite

¢sll count,

Cincophan-"A11" Group {Table XX)

The effects of cincophen upon the white cell count of male
rate 18 rather mixed, for the first count token at the forty-second
week showed 8 positive variution =8 compared to controls of 22,1 per
cent. Twenty-seven weeks later, at the sixty-ninth weck, the count
showed a negative varistion of 10.3 per cent. The variation was also
negative at the seventy-first week. The possibility of the animals
having developed a tolerance to the drug night be suggested as a csuse
for this marked change if it were not for the fact that the animals
showed the maximum positive variation of 23.0 per cent at the esighty-
f1fth woek,

The cincophen animals were off the drug for five wacks
preceding the counts obtainad at the ninety-first week. The positive
variation 18 observed to have been reduced rather markedly during
this ebstinence period, from ~-23.0 per cent one week before the with-
drawal period sterted to -8.29 per cent at its termination. If this

change was due to withdrawsl, and it is not of course possible to
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say definitely that it wss beczuse of the fact that even more marked
changes were observed between the forty-second and sixty-ninth weeks,
the change would suggest that cincophen had c-used &n increase in the
white cell count.

White cell count data for the "ALL" Group is also included
in Table XX, The "All"™ Gpoup received barbitul as a representative
of the barbiturate drugs and all of the antipyretics included in the
preceding discussion. Tho drugs and dossge scheduls for the "All"
Group are underlined in Teble I,

The data presented in the preceding pazes would scem to have
proven .rather conclusively that bsrbitel, aspirin, aminopyrine,
acetanilid and phenacetin have caused marked increases in the white
cell count of slbino rats when ziven singly in doses which are rolatively
therapeutic¢, over a long period of time. The affects of antipyrine,
cincophen and caffeine have been less concluaive but the tendency in
these three druge has aulso been toward stimulation of white c¢ell pro-
duction. 8Since the animzls in the MALl™ Group received sll of these
drugs in exactly the seme dosage giver to individual drug groups, a
rarked incresse in ths white c¢ell count should be expected,

The animals in the "All" Group did experience & sconsistent
increase in the wnite cell count but the increase was not as marked as
in several of the groups receiving the drugs singly, as a comparison of
the tables will show. A drug withdrawal period of five weeks durstion
just before the counts obtuined at tite eighty-fifth week is evidenced

by & marked lowering of the count at this periocd, the variation being
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~5.% per cent as compared to » positive varistion of 21.9 per cent,

obtained one week before the drug was withdrawn.

Blood Picture Effects of Life Cycle Drug Feeding

on Rad Cell Count and Hemoglobin

The per cent of hemoglobin (Gms. per 100 e,c.) in the blood
of control znd test rats was determined by the mecid hemstin method,
the acid dilutions being compared with a Newecomer place. The seme
plate, the smme strength of acid and the sume colorimeter were used
for all determinations. The method used for obtaining blood for cell
counts and for hemoglobin determinations was given in the preceding
gsection.

The author hes been unable to find anything in the literature
that would indicate that any of the drugs used during this investigation
have an effect on the red blood cell count or the hemoglobin concen~
trztion of the blood of albino rats when given in relative therapeoutiec
doses over & long period of time.

Wilaonl55 has found that daily doses of 50 mg. pesr Kg. of
sminopyrine produced no change in the red cell count of albino rats
after thirty-eight dsys. This author found, however, that while similar
treatment with phenobarbiisl {150 mg. per Kg.) produced no change in

the red cell count, a mixture of the two drugs reduced the count about

one million per cu. mm.
151
KRobinson et al, have observed a decrense in the red cell

count on the sccond day following withdrawsl of aspirin which hsd been
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given to white rate for sighteen weeks., Blood dilution is suggested

160
a8 & possible cmuse for this changa., Kerti has obsorved a decrzase

of azbout 10 per cent 1n the red cell count after two to four dsys of
espirin administration to human beings.

Smith snd Hambaurger}és have found no chanze in the number
of erythrocytes in the blood of rats after the admintistration of 200
mg. per Kg. doses of acetanilid six times weekly for ten weeks, Rats
roceiving 400 mg. psr Kg, daily for an average of ssventy days did,
however, show a significant lowering of the red ¢ell count and the
hemoglobin concentrstion.

158

Young 'and #ilson obgsrved morse than a 50 per cent drop in
the red cell count within five days following intravenous injection
of an acetanilid solution into =2 dog, the animal dying four days later
in a respiratory death.,

P&yne4o has produced a rather marked znemia in dogs by the
Gally administration of 1,2 Gm. of acetanilid, The red cell count
decreagsed as much as 59 per cent during a two week period of feeding.
This author found, however, that after prolonged administration of the
drug, the rate of cell formation bscsme greater then the destructive
rate, and the number of cells and hemoglobin incressed.

The following values for red blood oells and hemoglobin in

the blood of normal, mature slbino rats are quoted from the literature.
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Scarhorough
Sauith and Hambourger
Adsms and Shevket
Donaldson
Eobinson et al.
Emith and Mack

Drubken and Fitz-Hugh

Literature
Refarences

(152)
(146)
(150)
{3)
(151)
(156)
(159)

8,500,000
7,730,000
10,000,000
9,400,000
7,916,000
Not given

8,500,000
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Hemoglobin
100 Suhli
14.4 Newcomer
100 Tallauist
103 Sehli

Yot given
14,5 Newcomer

18.4 Hewcomer

Caffeine Groups ~ Msle and Fem:le (Table XXI)

Red cell counts were determined for the caffeine groups at

three differant periods during the investigation,

The summary of

results is presented 4n Table XXI, Although the per cent variastions

between the values given for the test ahd control groups are consistently

positive, with the exception of the last counts taken for the female

teat group, the varistions zre not sufficiently grest to be considsred

significant, The writer comcludes therefore, that caffaine has had

litile or no effsct on the red cell count in the blood of male and female

whits ratse,

Hemoglobin determinations were not run on the blood of the

caffeine groups.
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Barbituric Acid Derfvatives
Phenobarbitel Males and Pemales (Table XXII)

Erythrocytes weore counted in the blood of male rats on
phenobarbital at three different points during the investigation,
after forty-seven, sixty~-six and scventy-two weeks of drug feeding.
The results presented in Table XXII would seem to indicate that the
drug had first stimulated red cell production, this effact being
followed by one of slight deprassion, The positive varistion of 11.5
per cent is possibly sgignificunt, while the negative varistions of
2.8 per cent snd 6.9 par cent are unquestionably not when considered
singly. However, the two successive negative varlations are probably
more significsnt becsuse of the sequence.

The per cent of hemoglobin is observed to have been lower
in the phenobarbital msles than in the controls at each of the five
deteminations, MNone of the nsgative varintions could be considered
significont when teken singly but the consistency of negative variations
would seem to indicate that the par cent of hemoglobin was lowered by
the continuous use of the drug., This facet might also be considsred aa
strangthening the possibility of a lowsrad red cell count following
an initial rise.

The picture is, however, entirely different for the female

animals on phenobarbital for there is no indication of a significant
variation in either the red cell count or the hemoglobin percentage,

The resulis suzgest a gradual reduction in the red cell count together



with an inecrease in the hemoglobin percentaze,

The pbenobarbital females woere off the drug for three weeks
praceding the determinations obtained at the ninety-seventh week., The
red cell count {=s observed to have become lower as compared to the
controls while the hemoglobin percentsge has fncreased rather markedly.
A similar abstinence period in the male group preceding the ninety-
fourth wsek had no apparent effect on the hemoglobin percentage. Red

c¢oell counts werse not obtzined at this tinme.

Barbital - Amytzl Groups - Male (Table XYIIX)

In each of theass groups on barbituric ancid derivatives an
apparent incrense in the red cell count has occurred, this increuse
being followed in each case by a rather marked reduction of the count,

These effects sean $0 have been more marked in the amytal group than

in the barbital group. Both groups were without the drug for four wecks
preceding the determinations taken at the eighty-fifth week, 3 decrease
in the negative vuarintion being observed in encnh instsnce.

The hemoglobin percentege was not affected by elther of the

drugs,

Allonal - Alurate Geoups - Female (Table XXIV)

Neither of these drugs can be said to have czused & significant
variation in the red cell count of femzle rats. Attention is called to

the fact, however, that the first counts tsken at the fiftieth week show
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positive variutions as oomparsd to controls and that thase positive
varistions are followed by nsgative variations. A similar seguence
has occurred i{n each group of rats on barbituric acid derivatives with
the exception of the phenobarbitzl females. This similarity in
results in the different groups emphasizes the possibility alreudy
suggested that barbiturate drugs produce an increzse in the red cell
count, the inerease being followed by & decrease in the count, Both
test groups wore off the drug for four and one-half weeks preceding
the counts taken at the ninetleth week., The red cell count was con-
sidorably lower ot this time zs compared to the controls, the varistion
being minus €,8 per cent, Thers is no indication that this abstinence
period was reflected in the red cell count for the alurate group or
in the hemoglobin percentage for either group.

Significant variations in the hemoglobin percentage hsve not
been observed in the groups or allonal and alurste,

The data presented in Tables XXII to JXIV inclusive and in

the preceding pages would seem to have proven ruther conclusively that
none of the barbituric acid derivatives examined during this drug feeding
experinent have had what might be called a marked effect on the red cell
count or hemoglobin percentage of the blood of albino rats. ¥hen the
results obtained from all drugs are considered as a whole, these

results suggest the posaibility that barbituric aeld derivitives cause

first an increase in the red cell count witlch is followed by a decrease,

this being especinlly true for barbit=l and amytel. In only one

instunce was there any suggestion of an effect on the hemoglobin percentage,
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this being in the phenobarbitsl male group, the hemoglobin percentage
being consistently lower through five group determinutions obtained

at different intorvals,

Antipyretic Drugs
Aspirin Groups - Male and Femule (Table XXV)

The rssults presented in Table XAV would seom te permit a
conclusion that aspirin has f{nersassd the red cell count in the blood
of both male snd female ratz. Significant positive variztions of 29.3
per cent and 19,3 per cent for males and females respectively, aa
compared to controls, were obtained at the fifty-seventh week, after
forty-~aoven weeks of drug feeding, This increzse is seen to have
become reduced markedly when the second series of counts was tnken
nineteen woeks later, the variation being negative at this period for
the female group. Determinations obtained at leter periods indicate
that the incresse was followed by a rather marked lowering of the count
below normal in the female groups.

The hemoglobin percentage 15 observed to have been consistently
below that of the controls in the aspirin males. A withdrawzl period
of three weeks preceding the determinations made at the ninety-fourth
week 18 not reflected in the hemoglobin percentage obtalned at that time.

The series of hemoglobin percentsges obtuined for the aspirin
females reveals nothing of significance in the way of variation from
control values., There is, however, the suggestlon that the porcentage

was gradually decreased, the average of the last determinations being
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The aspirin femules were given both smytel and aspirin for
three wecks precoding the ninety-seventh weeck., No effects of thie
change in modication are obssrved in the determinations obtained at this
time. As has been stated, w1lson}55 found that & mizturs of pheno-

barbital sxd sminopyrine (barbiturate and antipyretic) reduced the red

c¢ell count sbout 10 par cent,

Aiminopyrine - Antipyrine Groups - Female (Table XXVI)

Trythroecytes have been counted at six intervale during the
eminopyrine feeding period, The mean counts for the group show & con-
sistent positive variation, as compared to the controls, Tor the first
four determinations. The animales were off the drug for four and one-half
weeks preceding the counts taken at the eighty-third weoek., The counts
taken at the end of the withdrawzl period show a negative variution =s
compared to the controle, and the variation was also negutive at the
ninety-fifth week when the last counts were tuken. The negative vari-
ations are not sufficlently larze to be significanl but they undoubtedly
emphasize the fact that the drug had caused an ilneresse in the red call
count during the period before withdrawal,

The hemoglobin percentage shows a significant positive vari-
ation of 12 per cent at the seventy-third week., The next count, at the

eighty-first week, was tnken after the animels had been off the drug

for two and one-half weeks, the variation bteing -7 per cent at this tims.

This is a change of 21 per cent as compared to the controls. The
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variction wae also negutive (-9 per cent) two wesks luter after the
apimele had been off the drug for four and one-half weeks. The results
would seem to indicate that eminopyrine had cuused an inere:ise in the
heroglobin percentsge and that & rather morked reduction resulted after
withdrawal.

The effects produced by antipyrine are similar to those
deseribed for sminopyrins. However, the withdrawal of the drug for
four and one-~half wesks preceding the counts taken at the elghty~third
week did not producs 2 nezative veriation as compared to controls although
the count was reduced apprecisbly aefter this abstinence period,

The hemoglobin picture for sntipyrine is almost identicsl to
that produced by zminepyrine although the withdrawel effects mre not ams
marked., At the seventy~third week, before the withdrawal period, the
variation from controls was plus 8 per cent., At the snd of the four
and one-hz2lf wesk withdrawsl period the variation wes minus one per cent.

The author realizes thet many of the comparisons presented
in Table XXVI would not be significznt if considersd alone. However,
the series of determinstions would seem to warpzant the conclusion theat
both of these antipyrotic drugs, aminopyrine and antipyrine, have caused
an inerease in the red csll count. REffects on hemoglobin are less
significant but the rasults suggest a possible increasze in this blood
constituent also, the increasse being followed by a decrsszse when the

drugs were withdrawn.
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Acotunilid - Phenacetin Groups - Male (Pable XAVII)

The red coll count was dotermined in these groups at three
intervals during the feeding period. Acetanilid has unquestionzbly
caused a rather marked decrease {n the count, the maximum negative
varlastion being 18.4 per cent., The averzge counts were coneistently

lower than the controls each tims the counts were taken. These results

146 158
conform with those of Smith snd Hambourger, Young and Wilson, and

Paynefo although all of theso investig:tors used massive doses to proe-
duce the decrease. The gradual decreise in the negative veriation may
also be explained by the wrk of Payne?o He found that the mimbor of
cells and hemoglobin perfentage increased following prolonzed adminise-
tration of massive doses of the drug, xhich had produced as much as a
59 per cent reduction in the cell count during the first two woeeks of
administration. Hs attributes this marked chunge to the fact that the
rate of cell formstion becare grester than the destructive rate.

The hemoglobin percentuge has not been reduced by acetznilid,
The results presented in the tzble show no significant trends or vari-
ations. In view of the merked reduction in the red cell count a corres-
ponding reduction in hemoglobin concentration would seem inevitable.
The author can suggest no explanation for this inconsistency.

Phenacetin, the ethoxy derivative of acetunilid, seems to
have had an opposite effect on the red cell csunt Tor the count is

obgerved to have been comnsistently sbove that in the controls for all

determinations. The hemoglobin determinations are, on tha other hand,
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consiastently below those for the controls with the exception of the
first one. The author is familiar with no instunce in the literature

which would explzin this apparent contradiction in rosults.

411" Group - Cincophen Groups - Male (Table XXVIII)

Congistent variations in the red esll count or hemoglobin
percentage wers not observed in the "All" Group. It will be reculled
that these anim=ls received barbital, c¢affeine, phenolphthalein,
aspirin, aminopyrine, antipyrine, acet cpilid, phenacetin and eincophen,
each drug being administered in exzotly the same dosage as when given

singly to individual test groups,

Cincophen, the results for which are also included in
Table XXVIII, has poasibly hos = slight depressant effect on red cell
production but hus csused an increase in the hemoglobin as compared to
controls. All of four determinations show rather signific:nt positive
variztione as compsred to values obtained in the control group at the

same time.

By way of summary of antipyretic drug eflfects on the red cell
count and hemoglobin percentage, the following stutements seem to be
permissible -

ABpirin causges a rather marked increase in the red cell
count, this inerease being followed by & gredusl dscresse. Xffects of
the drug on hemoglobin psrcentage are questionable but the rssults

presented sbove suzgest a decremse in the value,
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Aninopyrine and antipyrine cause an incre=se in the red
cell count, an increzse in the hemoglobin percentuge being indicated
also.

feetanilid causss m marked decresse in the red cell count
with no significant effect on the hemoglobin percentuage.

The results for phenucetin indicate an inerease in the red
cell count with a decre=se in the hemoglobin percentage.

Cincophen causes a rather marked increxse in the hemoglobin

percentage without significeut effect on the red cell count.

White Cell Differentistion

Buch of the cliniocal literature of recent years pertaining
to the effects of different drugs on the blood picturs in humzn beings
has been devoted to the production or non-production of granuloe-
cytopenie by these drugs. Aminopyrins, of all drugs studied during
this 1nvestigation, has been most prominent in these reports.

Plumfsl in 1935, stated that a review of the literature up %o
that time showed one hundred twenty-eight cases in which sminopyrine
was the cause of sgranulocytosis. GSeventy deaths were enumersted by
the author. Ruther,lsg reported thras 2ases of agranuwlooytosis znd
cited cthere Trom the litersture in 1936 to refute the statements of
various suthors that no aminopyrine produced agranulocytosis had been

observed in Germany =nd Austria. iany similar reports are to be found

in the literature.
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Sguier and M=zdison stated 4in 1936 that a review of i{he
literature indicated that aminopyrine granulocytopenia must be due
to an allergic rather than to a toxic responce since the incidence
of the disexse was low as compared with the use of the drug. The
geverity of the resctlon was i{ndependent of the dosage end in certain
patients the drug had no 111 effects when vaken during acute primary
granulocytopenia.

164

Simon and Metz have reported that no signifionnt dscresse
in the pumber of leucocytes or granulocytes occurred in one hundred
three patients after the use of aninopyrine in therapeutic doses over
an extonded period of time. Rawlslﬁs reported agranulocytosis in one
per cent of a series of four hundred patients recelving aminopyrine
medjication. Marcualss heg reported similerly on one csse rsceiving
the drug for many wecks.

The writer has not found any reports in the literasture in
vhich aminopyrine agranulocytosis has been produced in laboratory
animals, Thorington?sv stated in 1934 that experiments on animals had
not proved that eminopyrine, either alone or combined with barbiturates,
hzd produced granulocytopenia. Stenn168 in 1935, was unable to produocse
the abnormality in guinea pigs, rabbits snd monkeys, and Kunde et al,
reported aimilar results in rabbits.

Paranjpe and Kanitkar}vo have given aminopyrine deily to ten
rats for more than three months and have observed no reduction in the
granulocytes., They state that there is evidence that gramulocytopenia
is not the result of the ordinary toxic actlion of the drug but that it

is due to mn idosyncratic rsaction.
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The writer has found a few refereances in the literzture

concerning the effect of drugs olher than aminopyrine on the
148
differential count. Smith and Hambourger have found that doses
of acetunilid as high as 400 mg. psr Kg. daily for a period of
thirteen weeks produced no chenge in the ratio of white cells in the
blood of albino rats.
171

Shapire and Lahman have reported a czee in which
sgranulocytosis similar to that produced by aminopyrine appearsd at
the end of a three week period during which cincophen was administsred
thrse times daily in 7.5 grain dozes. They stzte, however, that
countless other patients receiving cincophen in varying dosages failed
to show any change,

17z

Fisher hee reported a case of agrunulocytic angina follow-

ing the use of allonal.
173

Bonsdorff, in a discussion of the subject of granulocytopenia
after aminopyrine nmedication in 1935, stated thut sevarsl ceses of
granulocytopenia had been reported following the use of antipyrine. He
aleo stoted that phenobarbital had been reported as causing a decrease
in the graruvlooytic value in animnls. Xo reforences to published
articlea were given.

151

Robinson et al, have shown that doses varying from 22 ng.

to 623 mg. per Kg. daily for twenty-nine weeks produced no significant

change in the differentizl count i{n the blood of white ratas.
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Experimental

The differential counts for all test and control groups,
with the exception of the saffeine groups, are presented in Table XXIX,
All test groups had been on their respective drug for seventy weecks
or more when these counts were ohtained,

It is quite obvioua that there ia no sugzzestion of an
agranalocytosis in any case., Nelther is there anmy significznt vzriztion
in the white cell ratio between control snd test groups., The sllonal
females show the highast value for totsl granulocytes with 55 per cent,
The barbital males show the lowest with 25 per cefits There are,
however, two control groups with similar low values,

The writer concludes that the white cell ratio has not besn

affected by any of the drugs included in the table,

Estrus Cycle Determinutions

The estrus cycle of the femule white rat may, according to
Long =nd Evans%74 be followed with = high dsgree of accurzey by the
dally examination of the vaginul ocontents. A amesr of the contents
15 easily prepared by introducing the tip of 2 small medicine dropper
containing & drop of normal saline into the vagina and compressing end
releasing the bulb, The dropper is ihen withdrawn snd the contsentis

transferrad to a microscopic slide and exsmined under the low poweyr

of a micgroscope,
174
Long and Evaus state that the succession of cell types

occurring in the vaginal smear at verious stuges during the estrus
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c¢ycle is inverisble, and that the stoges may be appropriately named
from the cell content of the smenr na follows -

1. The stesge of the sudden appesrance of a mass of uniform
sized nucleated epthelisl cells dehisced from the surface of the vagina,

2. The stage of few large cornified cells,

3. 7The stage of extremely sbundant cornified cells.

4, The stage of many leucocytes admixed with cornified cells.

5, Tue stzge of laucocytes with scanty epithelial cells,
Stages two apd three together represent the periocd of definite heat.

The estrus oycle for all female test and control groups has
been determined during Tive periods for the euffeine group and for the
aspirin-phenobarbitnl groups during four perioda for the sminopyrine-
antipyrine and allonel-alurate groups. Summaries foxr esch group sre
presented in Tables XXX to XXXIII inclusive. ETach table includes the
time of year of the different periods, the length of the period in
days and the sge and length of time on the drug for each group.

Each table slso presents a comparison of the number of animsle
in the test =2nd oconirol groups experiencing no cyeles during the diffarent
periods. The average number of eycles for all animals present duriug
ell periode is given also together wlth the number of four day cycles
experisnced by these animals.

Long and Evan5174 have found thut the average length of the

estrus cycle in the sexually mature albino rat is four dsys. Branch

175
and Mosg have used this rhythmicsl ssquence as a criterion for

determining the effect of nicotine administration to female white rats,

These authors report that the mumber of four dsy cycles occurring
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during a given oxperimental period is reduced by nicotine medication.

The enthor has found no other report in the litersture
dealing with the effects of drugs on the estrus cyclae.

The sumnary of 15,707 individual smesr determinations
presented in Tables XXX to KIIII suggest only one poassibility of a
drug effect, that being in the table for the asplrin-phenobarbital
groups All three of the animals remaining in the aspirin group during
the last period of cycle determinstion showed no evidence of sextrus
during the forty day period. During the seme time however, two of
five controls also falled to show zny evidence of heat,

The writer concludes from the data presented in the tables
that caffeine, aspirin, sminopyrine, sntipyrine, phemobarbital,
allonsl and allurste have had no effect on the estrus cycle of female

albino rats,

Haze Learning - Re-lezrning - Maze Activity

‘The mage wns used during this study primarily for the purpose
of determining the effect of 1life cyctle druz feeding on the activity
of treated animsla a3 compared te that of littsr mate conirols,
Shirleyue has found the revolving cege to be an excellent tool for
studying the activity of the normal rat dbut the writer has found it
extrensly inaccurate as a means of determining activity variations.

He is of the opinion that the elevated T maze, or possibly some modiri-
cation of 1t, expresses with e high degree of aocuracy variations in

aotiyity drive, for it places the¢ anlmal in = position which approaches
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the pormal, at lesast, He moy run or not as he wishes.

A very simple pattern of elevated T maze wes used because
of gpace limitatious. A diagram of this maze is shown in Figure 6.
The maze was constructed of seventeen seetions presenting sixteen
tuls~de~sac. The running strips were one inch wide and the total
dirsct distance between the starting point and the gosl was thirty-
five feet.

Manually controlled drops were placed at seven points on the
maze, the locations of which ere shown in the diegrsm. These drops
were used to prevent re-tracing. The author felt thut this factor
should be controlled if travel time and total time on the maze were
to have any significance. The drops were constructed of light tin

plates which were cushioned with rubber to insure a minimum of noise.
The drops wers operated individuelly by strings.

The same naze procedure wzs used for all test and control
groups run on the maze during the study., ZExperiments for individual
drug groups were started about sight o'clock in the evening, an
animal from a control or test group being placed at the starting point
et thie time. Thereafter the animals in the control and test groups
were aslternated on the maze until sll animsls completed e run during
the szme evening or night. The animals ware not touched aftor being
placed cn the naze, Food coumsisting of powdered erscker ané milk wae
placed =t the end of the maze but the animals were not awsre of its
presence there until they huad completed the first runm, Similar dishes

of food were placed at the right and left of the center of the mazs
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in zn sttempt to ruls oub the sense of smell as a factor in maze
learning,

The maze wss clesned thorpughly each night after a group hsd
comploted a4 run with & pineoleum antiseptic. Sections to which drops
were not attached, exclusive of the lest section, were reversed at this
time,

Opoups 0 be Tun on the maze were deprived of the regular
evening drug feeding which was given to the animals cfter the runs
vwore completed., Cooked food was tnken from the diet during the maze
learning pericd and Purina Fox Chow bricqguets ad libitum wers substituted
for it.

The animals were placed on the maze on successive nighta
until each rat in the group had completed three consecutive trials
without error, A record of trimls, totzl errors, travel tinme, l.e.,
time in motion in any direction, and totsl time on the maze were kept
for sach animal,

A summary of the results cobtained during these determinations
is presented in Table XXXIV +to XOVIII inclusive, The values 1liztsd

re average valuea in each instance end reprssent the aversge number
of trials required before three successive perfsct runs were completed,
except as othserwiss indicated in ths tables and in the discussion. In
learning the maze, for iastance, the caffelne males required an
average of fifteen trials sund made an average of sixty errors before
taree consecutive perfect runs were completed, The values for travel

time and totsl tims were obtsined by the same procsdure. The age of
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all groups and period of drug feeding are included ir the tables.

The dosage schedule for all test groups is given in Table I,

Caffeine Groups - Xale and Femcle (Teble XXIIV)

i
Reinan has proved conclusively that the power of aduld

humens t0 form assoclative bonds is incereased by coffee, and that
there 1s also an inorezse in the value of ths speed factor,
Lashlay178 has given caffeine to female albino rats in
doses corresponding by weight to four and eight grain doses for man.
The drug wes glven dally ten minutes before maze iraining was begun,
Lashley states thad oaffelne retards lezrning in direct proportion

to the size of the dose, and that large doses of the drug result in

ineressea activity and reduced accuracy of performsnca,

Maehtl79 has given caffeine to trained adult rats in doses
varying from 10 to 50 mg. psr Kg« He reports that excitement was
produced in 71 per cent of the experiments while depression resulted
in 24 per cent. No effect was observed in 5 per cent of the experiments,

Fron the results prasented in Table XZXXIV it would seem
that caffeine, 23 sdministered during this expoeriment, hzs stimulated
activity in female rats rather markedly, for the travel time and
total time are respectively, 37 and 59 per cent below the values
obtsined for the coptrols. This marked increase in activity was readily
observed when the unimals wers learning the maze. They actuelly

appesred to be rumning at full speed even before the maze was lesrned

and would frequently run into a cul-de-sac so rapfdly that they would
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be unuble tc stope The rate of learning oecms alse to huve been
affected for the values for both trial and errors ars significantly
below the control values,

Values presented for the meles are less significant, for the
number of errors wi# increased considerazbly as compared to the cone
trols, while the number of trials wes less. An increszese in activity
is also observed for the caffeine males.

In re-learning the maze the caffeine femules are still seen
to have made significantly fewer errors than did the controls. The
marked decrease 1xn travel time and total time for caffeine femeles is
st1ll evident during the re-learning period.

The caffeine males were observed to be markedly infarior to
their controls during the re-learning period. During the six trials
of re-lesrning the caffeine nales made respectively, five, soven,
eight, two, four and three errors while the five controls made
respectively, one, five, one, one and one errors. This secms con-
clusive proor that the drug reduced re-lsurning ability in the males,
Variations in travel time and totnl time are probably not significunt
for the males although the totul time was 38 per cent greater than

for ths controla,

Bsrbiturie Acid Derivatives

Five barbitsl males wore placed on the maze along with the

emytal melos and the "All" group. None of the five arinsls showsd
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more than a suggeetion of activity during the first seuven triuls.
QOne hour befors tha eighth trial was to begin tie barbital group was
given 3 mg. of caflfeine per raut. When pleced on the maze following
this dose of caffeins, three of the animnls climbed down immediately,
one loft the maze st the eighth intersection and thue fifth animal
completed tha run after ten minutes and sixteen seconds, meking six-
toen errors. On the following evening, thres of the animals left the
maze at once while two completed the run, In ten triale for each of
the five animals in the group only four completed runs were made, two
by each of two animslg, all after the administration of a dose of
caffeine as steted above.

180

Onwake has obtained entirely different results after the
injection of 100 ng. per Eg. doses of barbitzl on alternzto duye for
four and one-half months, for $his author concludes that this medication
produced only s slight decrecse in the zsotivity of msle and female
adult rats. The ability to loceate a reward i{n a maze within thirty
minutes showad now significnnt differences between trented and control
animala but the percentage of barbltal rats successful ir five minutes
was definitely lower, according to this author,

Ag regurds the effect of the slngle doge of caffeine on the
barbital animels, it is difficult to say whether or not a stimul:tion
resulted, The effect was not o8 grest, at leaszt, as that experienced
by normal animals after a similar dose of the drug. The barbitil males
wore made extremely irritsble by the caffeine., They resented any

attempt to keep them on the maze or to force them =long.
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Phsnobarbitul Gpoups « Male snd Pamnle {Teblse XCOIV)

The table for these burbiturnte drug groups indicotes that
the drug had a strong depressant effect on all phases of meze learning.
The effect on lesrning 138 observed %o have been more marked in the
female group than in the male group., The effecta of the drug on re-
learning are especially significsnt. Every comparison of test and
control achievement for both sexes in learning and re-learning favors
the control animals. These effects produced by phenobarbital confirm
the results obtained by Wi).l1:1‘:115.laL He administered 87 mg.: per Kg.
Goges of the drug by intrapsritone=l injection to white rzts and found
a marked and consistent tendency for the druzzed groups to be inferior

to the control group in both learning arnd re~learning when measured

by both time =and errors,

YALl" Group - Amytal Group - Males (Table XXXII)

These male groups, together with thneir controls were placed
on the maze for twelve trisls only., The animels in the "All" group
show the effctt of 1life cycle edministration of nine drugs more markedly
in their behavior on the maze tham in any other test to which they
were subjected, They were extremely sluggish on the maze although they
did not refu=s to run as did the barbitsl males, They had received
the geme smount of barbital.

The smytal males were also significatinly depressed ir sll the

phaseg of maze learning 2lthough the increases for travel time and
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total time were not as marked as in the "All" Group animale. The
number of errors was slso considsrsbly lower in the amytal group then
in the "All"™ group animals, but both were markedly higher than in the

controls.

Antipyretic Druge

isz
Jones has attempted to determine the effect of agpirin

on learning in buman beinge. He states thzt the drug seems to have
a neutral effect.
183

Macht and Bloom have determined the affect of anti-
pyretice on the behavior of rats in the eirecular maze, Drugs used in
their experiments wers quinine sulfute, salol, sodium snlicylate,
acet anilid, phenacetin, antipyrine and pyrimadon. These authors
administered the drugs in reletively emall doses, 10 mg. or less.

They determined the performance of the animals before the drug was
glven, one~half hour after, =nd three hours efter, They concluded
that sll of the antipyrstics depressed the behavior snd the memory
habit of the ratse. Antipyrine znd eminopyrine were the most powerful
in this respect, according to these authors.

The gffaect of three antipyretic drugs on manze activity and
maze learning and re«learning has been studied during this investigation,
Two of these, ahtipyrine and eminopyrine, were included in the reference
presented sbove, The third antipyretic, aepirin, is very similer in its
actions to the salicylates, two of which were included above,

Aspirin {Table XXXV) is seen to have had little or ro effect
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on learning but the effects on the time faoctors are rather marked,
especially in the male group,

The espirin fomsles seem %o have been depressed more
murkedly than were the males during re-learning. The travel tims for
ezch test group is observed to have besn inereased significuntly while
the total time on the muze was reduced during re-lesrning. ZErrors and

average trials were increased in the aspirin females during re-lesrning.

fminopyrine - Antipyrine Groups - Female (Table XXXIV)

fminopyrine has had no significant effect on the learning
ability of female rats, The total time on the maze was reduced
significantly. Antipyrine has, howaver, c¢aused a depreseion in all
maze datm, the time factors being affected most. During re-lexraning
marked depreasion is observed in all determirnatione for both drug groups.
The results presented sbove conform with those determined

183
by Macht and Bloom.

Summary

Thirtesn commonly used drugs bhave been administered orally
to albino rats in doses squivalent to normal human usage. Drug feeding
periods have averaged ninety weeks. Test animals were controlled by
litter mates and 11 animals in the colomy received the some oare and
attention during the study.

The effects of the following drugs were studied during the

investigation -
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Antlpyraties -

iminoyreine, antinr-ing, phenacstin, aceianilid, aspirin,

cinsomhen,

Barbituric acid derivatives -
Barbital, phenoharbltsl, mwytal, nlurate (all as the sodium
7321t} and allonal,

Other drugs -

Caffeine, phenolphthalain.

A group of male rats called the "All" Group received all of the druzs
underlined above in exactly the same dosaye given to teat groups

roceiving only one of the drugs.

Conclusions

Qarfeine increases doytime activity in female rats dut
has no observable effect on males, Weight gain is depressed markedly
in both sexes, the effect being more marked in femeles, Males show a
toxic effect of the drug by e rapid loss of weight after eighty weeks
of feeding. There is no significant difference in the death rate of
caffeine fod rats although the caffeine maloes were unguestionably more
senile than the controls when the experiment wag ended, The drug
produces no significant variations in the white cell count, red cell
count, hemoglobin percentage, or in the estrus cycle, Caffeine
stimulates learning and activity on the maze in females, but has =
tondency to depress both in meles,

Phenolphthelein depresses welght gein in males (not given to
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femelee) prd spperently increangss the denth rate pithax markedly,
The drug produces a paculiar type of hypersensitivity to touch

atimuli in rata,

Barbibturate Druzg

None of these drugs, barbital, phenobsrbital, amytal,
gllonal and slurate, have any eflect on the genersl behavior of albino
rate in the cage. KReithor do they have any significant effect on
weight gain. All of these drugs inoresass the incidence of pneumonis,
barbital being most effective in this respect, oll of ten deaths in
a group of thirteen being due to thie disease.

Barbitezl, smytal and alurate inerease the white c¢ell count
rathsr markedly. The effect of phepobarbitsl on the white count is
less significant but there is s tendency toward an incresas,

Allonsl, a mixture of barbiturste and antipyrstic, decreases
the white cell count rather markedly.

The barbiturate drugs tested have a tendency to increase tho
red cell count, this incresse being followsed by » decrasse. Phene-
barbital eausad a consistent decrezse in the hemczlobln percentage in
nale rata., MNono of the harbiturates tested affect the white cell ratio.
They definitely do not cause an egramilocytoeis,

The estrus cycle of female rats iz not alffected by pheno-

barbital, sllonal or alurate.

A1l phasas of maze lesrning sre depreszed ty those berbiturates

tested, i.e., phenobarbitsl ané amytul. Barbital fed animals refuse to

run on the maza.
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arslpyretiae

The entipyretics used in this study provide no protection
againgt so-called “rat pneumonie.™ The per cent of pnoumonia dexths
were significantly higher in the antipyrine and phenacetin groups.

Aspirin produces a noisy breathing in both sexes during the
firet months of feeding, this ubnormslity disappezring during later
months. No effects on general behavior are observed in efther asx,
The other antipyraticse, l.e., acetanilid, phenacetin, aminopyrines,
antipyrine and eincophen, have no effects on generzl behavior that
distinguish the animals given these drugs from the controls,

Acetanilid and phenscetin stimulate weight gain during the
first seventy-five to elghty weeks of administration, this effect
being followsd by msrked weight loss., The latter effect ig accepted
eg evidence of 2 dolayed or latent toxic effect of the drugs.

Aspirln cauees marked gtimulztion in weight guin in femsles
during the lest forty weeks of drug administrestion., Aminopyrine hss
a tendepcy to depress weight gain while antipyrine hes o apparant
effset, Cincophen iz without effect during the Pirst soventy woeks of
administraetion; but a depression is observed Guring the last twenty
weeks,

Theo white oell count is very markedly increassd by aapirin,
sminopyrine, acetanilid &nd phenscetin., ZEffects on the white cell
count are loss elgpificant for antipyrine and eincophen.

The red cell count {s ruther definitely incrensed by aspirin,
the incresse being followed by a decrease. Aminopyrine, antipyrine

end phenacetin also incresse the red cell count. Aspirin decreases
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the hemoglobin psrcentege in males while cincophen increases the
percentage,

Fone of thess antipyretics heve any effect on the white
cell differentizl, No sgrsmilocytosis is produced,

Aspirin, eminopyrine and antipyrine bhave no effect on the
estrus oycle when administered to females.

The three antipyretics tested on the maze, i.e., aspirin,
eminopyrine nud anbipyrine; reduce all phases of maze efficiency,
the effects being most murked during re-leuruing. Aminopyrine and
antipyrine are more effective than sspirin and the depressant effect
of these drugs is more roticesble during the re-learning period,

The "shot-gun? administrztion of nine druzs to =z group of
male rats produced no more effect or effects than when the drugs were
given singly to individusl groups., The number of deaths dus to
pneumonia was significently lower even though the group was receiving
barbitals 'The white cell count wse incressed rather murkedly but the
red cell count znd hemoglobin percentege vwers not effacted appreciably.

The animels wers Cefinitely more slugpicsh on the masze then

vere their controls.
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Table I

Drugs and Drug Dosage per Kilogrem of Rat

Drug Average From 10 From 200 From 300 days to
human weeks to  to 300 end of poriod
dose 200 days days

Goffelno 000 3.08a. 0Oz  9.0m%
Aspirin 0.30 " 4.3 " 8.8 " 12,9 Y
Acotanilid 0.20 " 3.0 " 8.0 " 9.0 "
Phonacotin 0,30 " 4.3 " 8.6 " 12,9 "
Cincoghan 0.50- S _ %4.? ‘“ 14,2 ¥
Antipyring 0.30 % 4,3 " 8.6 " 12,9
Aminopyrine 0.30 " 4.3 8.6 " 12,9
T T O I O,
Sod. Barbital 0.50 " v:%--t,--fflgﬁ-f _______ 14,2 "_
Sod. Phenobarb. 0.03__i~-;9:?_—t‘~-‘%:?”‘t ________ %:Z-‘i~_-“.
Sod. Amytel 015 " 2.0 " 40 ' = 60 '
Sod, Alurate  0.15 "___g:?""f-__-fzg__f ________ ?:9--?--
(Barbiturate 0,12 " 1.7 " 3.4 ¢ 5.1 "
A mopyrine 0.20 " 3.0 " 6.0 " 9.0 "

All Group

rocoived all drugs and doses underlined,



Teble II
Sumary of Drugs, Dosage and Fooding Poricds {Female Groups)

ST 3

YD N AR R A RS D W 45 Ab 65 &8 WD W 3 e z - M-ty 7 > 9 ‘-« v Y i

Drug Rats In Feeding Equive, To, of Equive HNax, dose Iiterature
group period poricod dosos 1o, 0f used in H.,L.D. for
in weoks for por rat human mZe por rats
human doses Kege mge por Kg,
(30-1)

Caffeine (Fom.} 7 109 3270 1719 61570 2.0 200+

"% Gontrols & 109  sw0 T
Aminopyrine  ® 90 2700 1320 59600 12,9 1150+
“antipyrine e 90 2700 1520 39600 129 1500+
"% Gomtrors 9 e0  =wo T
Phomobarbital(ia) & 100 5000 1530 45000 2,7 178
" aeptrin 8 100 5000 1880  4oe00 129 eoor

¥ " gontrols 8 100 3000

Alurate (Na) 10 90 2700 1320 39600 6,0 107+

A S g . Y - A - WD " T W e B s s D Y A T N g ST Y WL W S o SR e S D D Y . D W . ) A ] D S s A A W <o WD R I . AR A T NS W Sk T il A S R WG T P PO e T

Allonal 9 o0 2700 1320 39600 14,1 noft known

* 7 controls o] g0 2700

S Er— oy ) v

*8eT

CRES ARG




Table III
Summary of Drugs » Dosage and Feeding Periods {ale Groups)

Drug Rats in Foedlng  Equiv. Tos of  Equive MHax. dose Litoraturs
group period period dosss no, of wused in M.L.D. for
in wooks for por rat humen mgs por rats
hvmen doses Eze nge par Kg.
{30-1)
Caffoine (Males) 7 o5 -5:350 1425 42750 | 8.0 200+
TR gomtrols  m . es  eeso . TTTTTTTTTITT
Aspirin 9 100 3000 1550 45000 12,9 600+
" Phenobarbital 9 . 100 3000 1530 45900 2.7 8
"% Controls  ® 100  so00 7
Barbitel (Na) 13 90  2v0 990  =2ovo0  14.2 355
" Amytel (ve) 11 %o 2700 1320 39600 6.0 137
" % Gomtrels 10 o =0 T
Phonolphthaloin 4 86 2580 1236 37080 3.0 1850+
“Pronacetin e 86 2580 1236 37080  12.9 2000+
“Cincophen & 86 2580 990 29700 14,2 750+
" hcetemilia 5 86 2se0 1236 87080 9.0 “2400+
T AL Growp s 8 2580 10520 318600  120.8
e N

-
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Table IV
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Acetanilid
Amidopyrine
Phenacotin
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Table V

Doath Rate Comparison for all Groups

------ﬂ“.--‘.-nq-ﬁ-----y-----wbdou-ﬁ--- P 0 G W0 UD 6D G e W 6 WS S 600 D

%4 deaths % deaths

Drugs Deaths in group 1in controls
St e S Bl WY B D W A Y D YU iy S G ) A 0 i W ) e WU D o ) S i P k Amp - S TR WS W G T St B DY D ) S I A WD Peie s P A e . U TP N fafe
Barbital males 10 of 13 80,0 20,0
Phenolphthalein " 3 " 4 75,0 22,2
Phenobarblitel " 6 " 9 6647 22.2
Antipyrine Femalea 6 " 9 6647 22,82
Aspirin 5 " B 62.5 50.0
Caffoine malos 4 " v 87,0 43,0
Aspirin ," 5 " o 55.6 22,2
Amytal n 8 "1 54,5 20.0
Cincophen " 3 " g 50.0 22,2
Phonacetin Y g " 6 50.0 22,2
Alurato femalos 5 "10 50.0 22,2
Asp., Phenobarb., fem. controls 4 " 8 5040
Caffeine fomales g "9 43,0 40.0
Caffoine male controls 3 " v 43,0
Caffeine  fomales g2 " B 40.0 |
Phenobarb. f 3 " 8 37.5 §50.0
Aminopyrine 3 " 9 3363 22,8
Allonal 3 "9 333 22,2
Agp. Phonobarb, male cont. 3 : e 33.3
All Group males 2 8 25,0 22,2
All controls 2 " 8 22,2
Aminop. Antip. feam. eontro:.ﬂ 2 " 9 22.8
Allonsl Aluvate " 2 "9 22,2
Barbital tal,male controls 2 ™10 20,0
Acataniligéy 1 " 5 2060 22,2
A1) test animals 7. "i38 8l.4 30.8
A1) control 2o " 65 30.8
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Table VI

Deeath Duse to Pnoumonia

Ho. of Pnoum. ¥ Pnoums
Group 1raits Total Pneum. of total deaths

Drugs no. in group deaths deaths deaths % of group
Barbital 1 13 10 10 100.0 777
Phonolphthaloein 2 4 3 2 6647 50.0
Phenobarb, males & 9 6 4 66.7 44,4
Antipyrine fom. 5 9 6 4 66.%7 44,4
Alurate " 4 10 5 4 80.0 40.0
Phenacotin 2 6 3 2 66.%7 3343
Phenobarb, femq 6 8 S 2 6647 25.0
Aspirin meles 3. 9 5 2 40.0 22.2
Allonal fem. 4 9 3 2 66.7 22.2
Cincophen 2 6 3 1l 33543 16.7
Caffeinag fem. 7 7 S 1 33.3 14,3
Caffeino males 8 7 4 l 25.0 14.3
All Group 2 8 2 1 50.0 12.5
Aspirin fom. 6 8 5 1 20.0 12.5
Aminopyrine fem. 5 9 3 1l 33543 11.1
Aceotanilid 2 5 1 o 0.0 0.0
Controls for O 2 3 2 66.% 22,2
Ve 4] 7 5 2 1 50.0 20.0
14 e 2 8 2 1l 5040 12.5
i iy 6 8 4 1 25.0 12.5
it 1 A 9 2 1 50.0 11.1
1 " 1 10 2 1 50.0 10,0
e " 8 7 3 0 0.0 0.0
X 1 5 9 2 0 0.0 0.0
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Table VIX

Prieumonla Doaths in Barbiturate Groups

No. of Pnoum¢ ¥ Pnoum.
Group rats Total Pneumn. of total deaths
Drugs nos in group deaths deaths deaths % of group
Barbital 1 13 10 10 100,0 %7
Phonobarb, males 3 9 6 4 667 44,4
Alurate 4 10 5 4 80,0 40,0
Amytal 1 11 6 4 66.7 36.4
?h&ndbarb- fem».i 6 8 5 2 66 0'7 25 . O
Allonal 4 9 K) 2 66.%7 22.2
Controls for 3 9 3 2 66.7 22.2
" n 6 8 4 1 25.0 12.5
" n 4 9 2 1 50,0 1l.1
n " 1 10 2 1 50.0 10.0
Table VIII

Pnoumonia Deaths in Antipyretic Groups

i . S T S 5 S A oy T Y el A S A D S S A P W D S e G > e D M Y WD D A D I S D b el LG S N B G M G D D W N M W O W D VW O T .

Antipyrine 5 9 8 4 66.7 44,4
Phenacetin 2 6 3 2 66.7 3363
Aspirin male 3 g 5 2 40,0 22.2
Cincophen 2 6 3 1 3303 16.%7
Aspirin fom. 6 8 5 1 20,0 12.5
Aminopyrine 5 9 ] 1l 33ed 1l.1
Acetanilid 2 5 1 0 0.0 0.0
Controls for 3 9 3 2 66,7 22,2

" " 6 8 4 1 25,0 12.5

" " 2 8 2 1 50.0 12.5

" " 5 9 2 0 0.0 0.0

- S Wy e S . S S A A sy RO O AU VP S el P S G YA S N A 0 S S TS S0 TS W T S B R S P R P S B 0 ) . S S ) e e ey Sy o
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Table IX
Pnoumonia Deaths in Non-antipyretic and Nonebarbiturate Groups

- S O W o b N G o) A o W Lol v g O D [ b e G i G W GNP D W S A P D N O

No. of Proum, § Pnoewm,
Group rats Total Pnoum, of total  doaths
Drugs no, in group doaths desths deaths % of group

Phenolphth,. 2 4 3 2 86.7 80,0
Caffoino males 8 7 4 1 26.0 14.3
A1 Group 2 8 2 i 50,0 12.5
Controla for 7 6 2 i 50.0 20,0
" n 2 8 2 1 50.0 12.5
u " 8 7 3 0 0.0 0.0

D iy A0 o I e o B R O AP T AT A N G GO B Wy O W S S S D 0 Lt G W S O U Y S O i s O e . o > Al D WO B b

Tabla X

Comparison of Pnoumonla Deaths in all Groups

“q—“muuu “-u--vg&h-cp'—nunp—n“-.-.---fuacu-—annuq-up-&umm-ns«-.—....-n-

Barbiturate 80 53 26 79,0 43.3
Antipyretic 52 26 1l 42,3 21,2
Other drugs 26 12 5 41,7 19.2
All controls 65 20 7 35.0 10.8
All test groups 138 73 43 60.0 30,4
Fomale test " 60 28 15 53.9 25.0
Yale " n 78 43 27 63,0 54.6
Mals controls 34 10 4 40.0 11.7
Fomale " 31 10 3 3040 9.7

..----‘o.--------_qq---nw'.-nu-b—-qb----#---u--‘uc-nu-p - s ok iy Y8 v e w0 i) S0 O Y
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Tablo XI

Vioight Summary for Nale Groups
(AV& wtse In Gms.)

Group Daye Poal: & wke var. wk. Tormination

Caffoino +320 +536 - 66 ~18% - 104 +51%7 - 104
Controls 385 570 = GO 636 = 107
Phenobarb, +358 =455 « BS B4 -« 67 =400 « 112
Aspirin 4385 =465 = 98 +145 - B3 =430 - 112
Control 346 485 = 08 458 « 112
Barbiteal +388 ~503 « 65 +10% = 96 +4393 « 100
Amytal +378 +527 = G5 - B - 39 =452 = 100
Control 375 BO7 = 75 460 « 100

Acotanilid 426 +507 - T4 +17% - 62 =460 - 96
"A11Y Group +418 +548 = 74 +16% = 74 «402 « 96
Phonocotin 4420 «5lE - 74 «)734 - 08 346 = 06
Phonolphthe. «3066 =408 « 03 «163 = 38 =408 =~ 96
Cincophon  +400 «471 = 74 =147 « 08 =432 - 96
Controls 390 521 - 96 521 - 96

A v i S I D D S T R T A I a0 R S O W 0 Gk ) P G A O G P e S el B S ) G e W S D A S A T e B W0 A N

# Compared to controls
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Table XII

Wieight Sumary for Fomale Groups
{Ave wts in Gmos)

'} 150 Hoxe # , |
Group Days Poalr & wilte vars wke Torainotion
Caffolne =320 +366 = 66 277 = 66 =300 - 110
Controls 232 308 = 117 360 = 119

Phonobarb. «355 =348 « 100 =157 = 00 «342 - 118

Aspirin +265 +430 « 100 +207% = 104 +400 « 112
Controls 260 380 « 90 370 =« 112
Aminop. 340 «340 = 02 - 0% = 80 ®330 « 100
Antip. «260 +380 « B4 +13% = 00 +378 « 100
Controls 863 360 « 80 345 «» 100
Allonal +260 +3066 = 100 +10 - 00 +386 = 100
Alurato +265 +374 « 0O2 + 0 = 92 =320 « 100
Controls 253 341 - 02 324 = 100

% Compared to coatrols
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Table XIIT

{ffhite Cell Count
Caff'oine

WD D A0 N P W T S DU U S O GRS D B T S G S G WD OV I VD G T A S S NS D P T A SR il R U0 U Y S PP Gy VS e S Rk e Y B

Low High Hean AwDa Variation
from cont.

Hales

Caffoine ;

52 wks 6% 7960 9910 9180 530 - 0.7%

76 WM 6 8920 10080 2390 414 - 2.4%

95 1t 5 10640 11880 11466 309 =12,0%
106 1t 3 10880 16200 14063 2115 + 3.2%
Controls

52 wks 5 8680 9450 0250 214

7 5) 9320 9800 9616 211

95 1t 5 311400 14400 13004 1109
106 4 12120 16960 13612 1673

Pomalos

Caffoline

52 wks %7 7340 8420 78350 370 ~ 8468

w6 ¢ 5 7280 10480 7968 1005 - 77%

95 vt 5 7720 8640 8088 234 =18,4%
106 "' 5 8320 12280 10624 1571 - 0.7%
Controls

52 wks 5 7760 2080 8570 390

76 1y 4 8480 8800 8630 130

95 v 4 8640 12440 9910 1240
106 1t 3 10200 11600 10700 560

% = Yo, of animals
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Table XIV

B White Cell Count
Sodlum Phonobarbital Groups «=- Male & Femalo

Low High Hean A.D. Variation

from conte.
HMales
Phenobarb.{Na) v
57 wks 6% 8240 11520 9640 773 - 1.7%
76 % B 7120 14640 11136 1629 +13.3%
g2 1t 5 8000 12480 o702 1237 =14 ,8%
Q4nstt 5 10200 16200 12950 1375 + 6.1%
98 ¥' 4 10550 12500 11512 B3Y7 + 6.5%
108 'Y 4 10375 13200 11594 831 + 9.9%
Controls
57 wka 6 9120 10760 9807 553
76 Y 6 9280 10440 9827 320
82 tt g 10240 11760 11138 418
94 ' 6 11060 13600 12210 730
98 1t 5 0550 13350 10814 1069
108 tt 5 9050 12400 10548 740
Fomales
Phonobarb, (a)
58 wks 6 7800 12320 9510 003 + 2.1%
e tv g 8080 9920 8707 1067 - 4,1%
g4 11 6 7360 11200 8977 1370 - 9.3%
o7ttt 4 10450 12650 11600 1050 - 643%
90 tt 4 11400 15200 13163 1113 +13,9%
111 ¥t 4 12100 17600 14038 1782 +23.9%
Controls A
58 wka B 8000 10440 9312 838
76 1Y 5 7320 10560 2072 1030
84 11 4 8560 11200 9820 740
g7 1 4 11400 13100 12338 488
99 ¢t 4 9600 13450 11550 1125
111 s 4 11325 13100 11325 1813

D G S G5 W D W A AP T A A S S T P W

# = o, of nnimels
#r = 3 wks off drug
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Tablo XV

White Cell Count
Barbital =« Amytal Groups == lMale

Low High Hean A.D, Variation

from conte.
Barbital
49 wks 6% 9040 311600 10297 047 +11..0%
69 1t g 0320 13920 12187 1044 +1649%
79 "' 5 13960 18840 16368 1670 +36.1%
851t 4 7200 14000 10900 1850 + 3.5%
50 't 3 6900 13000 11717 1211 + 5.3%
o0 ' 3 13200 14210 13645 307 +26.7%
Controls
49 whks 7 8880 10200 9270 331
69 11 % 9240 11760 10337 642
79 vt % 9080 13680 12023 087
85 tt v 9400 13400 10523 980
90 't % o700 12800 11221 1459
100 Y'Y 6 9750 12210 10764 767
Amytel
49 wks 7 9400 10320 9871 255 + 6.4%
60 1t W 10280 14280 11920 926 +15.3%
79 1y g 13520 16360 15040 779 +25.,1%
B5untt & 10600 14500 11857 1475 + 5.8%
00 1t & 10100 19000 13433 2011 +27.6%
100 ! 4 11225 16215 13913 1645 +29.2%9

D > S o D S St 4D N T G B O S i e P A B D I e - > S

I 2 S e D TR s A Sy e S s e U P S

% = No. of animals
#e = 4 wks off drug
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Table XVI

Vihite Coll Count
Allonel «= Alurate Groups =« Fomalo

Low High Moan AJD. Variation
from cont.

-munnn-uun«wdu‘.-nu-u-—c--s-n--.-ous----v-a--ﬁ-n--n uuuuu R A B D By W T Ui SR BB W Su -Gl

Allonal
50 wks 8% 8600 9960 9480 400 - 4,19
67 1 & 6604 9760 7782 678 =19.5%
g2 tt @ 8000 9930 8885 618 =16,93%
gsuntt 5 9750 10850 10400 360 - 7.2%
o0unnt B 10050 11950 11020 744 + 2,3%
103 v 4 9900 13300 116850 1650 + 3,19
Control
50 wks 7 8600 12000 9886 1003
67 1 % 9320 10200 96%6 278
82 11 v 9760 15140 11097 1156
88 11 6 a750 13300 11207 1377
90 1t B 9970 12160 10770 680
103 t B 10210 12550 11290 763
Alurate ,
50 v % 7040 9440 8731 715 ~11,6%
67 ' & 7960 13040 11133 13082 4+15,0%
g2 1Y & 11430 14800 13638 8a2 +22,89
aguntt 6 @750 13650 11675 1912 + 4.1%
90nsnt B 9650 13200 11390 8es + 5.7%
103 tt 5 10400 18500 14890 2272 +31.8%

% = No. of aninmals
w2 = 25 wks off drug
e =3 4y whks of £ drug
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Table XVII

White Cell Count
Aspirin Groups =« Malo & Fomalo

Low High Moan AesD. Variation
from cont.

Males
Aspirin
57 wks 8% 10120 12320 11339 802 +15.69
76 v 7 9440 16120 13726 1716 +39.7%
g2 v @ 12880 17760 15383 1266 +38.1%
bttt B 11600 15200 13460 1436 +10.2%
98 1t 4 12250 16900 15287 1519 +41 ,3%
08 tv 4 13200 17200 15367 1084 +45.7%
Controls
57 wka 6 9120 10760 9807 553
76 1t g 9280 10440 9827 320
82 11§ 10240 11%60 11138 418
94 1t ¢ 11060 13600 12210 730
98 Vv 5 9550 13350 10814 1069
108 ' 5 9950 12400 10548 740
Fomales
Aspirin
58 wka 6 6160 7920 7443 428 «25,1%
76 1t 8 7960 11600 9593 900 + 5.7%
g4 v 3 10980 11920 11300 413 +15.0%
o7unut 3 13000 23100 19667 4444 +50.4%
99 1t 3 13500 18450 15250 2133 +32,0%
11y v 3 10650 15200 12583 1744 +11.1%
Controls
58 wks 5 8000 10440 9312 838
e 1t 5 7320 10560 9072 1030
B4 1t 4 8560 11200 9820 740
g7 v 4 11400 13100 12338 488
93 tv 4 9600 13450 11550 1125
111 v 4 11325 13100 11325 1813

D SR G D TR S Y W S O B WP A e S A S I S G440 R D R G T A G G R D S D G50 S S D A S, S P S T SR D N AT W e S S

% = No. of animels
% = 3 wka off drug
#34r = 3 wks on Amytal & Aspirin



i52.

Table XVIII

White Coll Count
Aminopyrine =- Antipyrine Groups -« Fomale

Low High Moan AJD, Variation
from cont,

Aminopyrine
40 wks 10 8400 17680 12756 3284 +46.3%
58 11 8 12400 26320 15548 2707 +73.7%
73 8 10960 16520 14150 1510 +43.5%
gLzttt 7 10940 15050 13419 1349 +24.7%
83wt 7 9850 17100 13014 2088 +15.4%
95 1 7 8600 17300 13801 2263 +23,9%
Controls
40 wks 7 7680 10600 B714 931
58 1t 6 8040 g760 8953 513
73 6 8320 11920 9860 80%
gr ¢ 6 10050 12600 10758 611
g3 mn 6 10100 13250 11275 671
95 ¢ 6 8400 14500 11135 1393
Antipyrine
40 wks 8 6000 8040 7370 448 «18.2%
Bg ¢ 6 8520 14080 10688 2208 +19.3%
R L e 7760 10000 8973 587 - 0.8%
gl 4 o700 11760 10525 619 - 2,2%
83wt 4 10600 13800 11825 988 + 4,.8%
96 11 3 13750 15350 14400 633 +29,3%

--nna-n‘*wnn--‘nnﬂ'.--n---n&--—-.-—--i—QﬂO‘“l--—-‘-----‘—-—Qnun-n--.

# = Ho., of aninmals
#% = 2% wks off drug
R = 4% wks off drmug

&
e
—~



Table XIX

White Cell Count
Aceotanilid == Phonacotin Groups == lMelo

Low Oigh Nean AJD, Variation
from cont.
Acotanilid
42 wks 5% 10920 15940 12708 1474 +31.6%
69 v 8§ 11940 19200 15958 2950 +26.,9%
79 tt 5 12500 21800 17420 3816 +51.4%
85 1t 5 12500 22050 17290 3288 +3942%
Qlsutt B 11540 16920 13374 1418 +11.7%
Controls
42 wks B 9240 10760 9650 475
69 1t § 12000 13840 12575 539
79 11§ o760 12200 11496 694
85 "' B 10200 13700 12490 916
91 't § 10860 13200 11964 869
Phenacetin »
42 wks 5 10720 11320 11152 246 +15.5%
69 tv 3 11150 14320 12893 1162 +24 5
79 t1 3 12030 20300 15110 3129 +31 .45
g5 1t 3 16450 19650 18217 1178 +45.8%
91 v 3 11360 17400 14320 2053 +19.6%

D S W TS A NG W O . v - D A G 3 W Sy S P S GNP B WD b W A T S S8 P S P

# = Ho. of animels
#% = b wks off drug
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Table XX

White Coll Count
“A11" Group -« Cincophon Groups == Male

Low High HMoean AJD. Variation

from conte
"A11l"™ Group
43 wka 8% 9520 12200 11095 795 +14.9%
60 1 % 12600 13600 13099 325 + 4,0%
79 ¢ 7 12760 15100 14023 729 +21,9%
851t 7 10200 14150 11829 1161 - 5.5%
g1 v 5 11340 13210 12222 546 + 2,19
Controls
42 wks 8 9240 10760 9650 475
6o 1t 8 12000 13840 12575 8539
w9 1 ) 9760 13200 11496 694
g5 w7 5 10200 13700 12490 916
91 5 10860 13200 11964 869
Cincophan _
42 wks 8 10240 13440 11787 996 $32,19
60 1 4 10460 12340 11395 543 =10.3%
79 v 4 10300 12600 11200 700 - 2,69
85 1t 3 10560 18350 15367 3211 +23.0%
Qlunyl 3 11320 14250 12957 1091 + 8.3%

#* = Ho. of animals
#% = 5 wks off drug
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Table XXI

Red Coll Count
Caffoine

D e i S O T 0 S v 0 - i e A o T O iy i SIS U L B TP D - S B S O S - S O Gub T AU Gt T S b > Y A - S B . e

No. of Low High Nean Variation
animals from cont.

A i S A W S D o O D 0 S A A 8 it S s s e S U A P U S D - 0 e D D P U B S D e S S B U O s S D e P

liales

Caffeino

52 wks 7 8.12 9.72 8,78 + 0.2%

76 11 6 8.00 10.80 5,08 + 4.74%

95 ! 85 B6.87 9.14 7.96 + 2.8%
Controls

52 wks 5] 8440 9.10 8.76

76 tt 5 8.34 8.98 8467

95 1t 6 6.94 8435 774

_ Females

Caffeline

52 wka 7 B8.23 9.78 8,79 + 5.0%

76 1t 5 8.56 2,10 8.81 + 8.6%

95 Ve ) '7.14 8.41 7094 "’11.2%
Controls

52 wks 5 7.88 8.90 8.36

76 % 4 7.87 8.27 8.11

95 4 84156 9.64 8.94

<l s 4 i iy S A G S S Sk Y o S A D O ST D B A S S W S A D A
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Hales
57 wks
76 V¢
g2 ¢
04210
98 11
o8 vt
Controls
68 wks
75 ¥t
82 1
94 L )
og 1t
log vt
Fomaloes
58 wka
76 e
gg ¢
g7wntt
99 tt
Controls
58 wks
g 1
84 11
g7 1t
99 1t

Sodium Phonqbarbital Groups == liale & Faemaleo

Table XXII
Rod Cell Count (Millions) and Hemoglobin (Gms. per 100c.c.)

Db BROGR oo n tblblbtﬁtn@

Red Coll Count

oub s o wlr o o

Low

" hb ok wn oe

- e -

Low High llean Variantion
from cont.

5.93 8.94 6,85 +11,5%

7.53 8.45 8,08 - 2,54

730 8.65 7487 - 6.9%

5.71 6.46 6.14

7482 865 8.29

7.90 2.00 8,46

7677 8,97 8.41 + 3.4%

716 8.86 7,86 + 2.3%

8.1%7 8.90 8.40 + 1.0%

7-15 8.62 7.91 - 4.5%

7o 34 8.97 8.13

6.70 8.15 767

7.96 9,06 8.32

7.94 8.64 8,29

-

# = Ho, of animals
W = 3 wks off drug

12,9
l2.2
13.7
12.4
12,2

1345
13.5
14.0
13.7
1345

12,4
12,4
12,9
15.4

13.2
12,4
13,7
12.4

Hemoglobin
High Hoan
15.4 14,1
14.4 13.3
15.4 14.4
15.4 13.5
15.1 1347
15.8 14.7
15.9 14.5
16.7 15.4
15.7 14,9
15.4 14,5
14,7 1345
13.5 12,9
15.4 14,3
16.2 15.8
15.0 13.6
13.5 12.9
16.2 15.4
14,7 13.6

Variation
from conte.

++

4,1%
843%
6+5%
9.47%
5.5%

b d

1.3%

-y ey

B AN AD T Wy WY iy
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Table XXIII

Rod Cell Count (Millions) and Hemoglobin (Gms. per 100c.c.)
Barbital -~ Amytal Groups =« liale

Hed Coll Count Hemoglobin
Low High Hean Variation Low High Hean Variation
from cont. from cont.

Barbital

49 wks B 6.63 8.39 7.69 + 7.1% - - - -
69 1t 6 7.95 9.46 8,27 +12.1% 13.7 15.8 14,9 + 1,45
79 S e - - - 14.0 15.8 14.9 + 5,09
85{5";.?' ' 4 7.17 9'15 8:17 - 9.5% 15‘7 1607 1504 + qu%
90 ¢ 3 - - .- - 13.7 15.4 14.5 - 2,7%
100 ¢ 3 - - - - 13.7 15.8 15.0C 0,0%
Controls

49 wks 7 6.56 8.54 7.18 - - -

69 1t 7 8.85 10,13 .41 13.7 15.8 14,7

79 n 7 - - - 13.5 15.1 14.2

g5 ! 7 8.17 9.65 3.03 14,0 15.2 15.2

g0 " 7 - - - 13.7 15.7 14.9

100 ¢t* 6 - - - 13.5 16.2 15.0
Amytal

49 wks 7 7.08 .63 8,56 +19, 2? - - o - -

60 ¢ 7 7.14 9.20 8.03 ~14.63 13.7 15.8 14.7 0.0%
79 11 7 - - - - 14,0 15.8 14.6 + 2.89
85uut 1 6 8.15 9.60 8.72 - 3.4% 14.4 16.2 15.4 + 1.3%
go 6 - - — - 12.9 15,4 14,7 - 1.3%
100 1! 4 - - - - 14,0 15.8 14.9 - 0.7%
# = Yo, of animels

wn

4 wks off drug

i
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Tablo XXIV

Rod Cell Count (lillions) and Heomoglobin (Gms. por 100c.c.)

N P S AR M- i e T

Allonal == Alurate Groups -- Femole

W iy wi w - - o en en

Rod Coll Count

Hemoglobin
Low High tlean Variation Low High Hean Variation
from cont. from cont.

Allonal

50 wks B 7.48 0.68 8.14 + 3. 2% - - -

67 1t & 7,20 10.51 8.46 - 027 13.5 17.6 15,5 - 6.67
g2 1 4 - -— - - 13.7 19,8 16.4 + 1.9%

a8 | 28 ) 4 o - - . 13.5 16.2 15’2 - ?,3%

T2 I 4 7.15 8.10 771 - 8,87 13.2 16,7 14.9 - 643%
103 W 4 8.15 8.80 8.5 + 2,6% - - - -
Controls

50 Wks '? 608’7 8‘84 7.88 fadand - -

g7 1 6 7457 9.02 8.48 15.8 17.6 16.6

ga 111 7 - ~oy. - 15.4 16,7 l16.1

gg 1t 6 - - oo 13,7 19,8 16.4

90 ¢ 6 7.95 9.12 B8.46 15.4 16.7 15,9

103 w1t 6 7«96 8.64 8.29 - - -
Alurate

50 wks 7 7.42 8.65 7.91 + 0.3% - - -~ -

67 11 6 7.10 9.25 B.33 + 1.7% 14.4 19.8 17.2 + 3,.6%

gz 1! 5 . - - — 14,4 16.7 16,0 -,0,6%

88 1 5 oo ax - - —— 1400 1706 15 8 - :5'3%

9Ot t 5 7.64 9.11 8.42 = 0.5% 14,0 17.5 16.1 + 1.3%
103 ¢ 5 8.11 9.13 8.67 + 4,5% - - - -

% = Ho, of animals
# = 4% wks off drug

*88T



Table XXV

Red Cell Count (Hillions) and Hemoglobin (Gma, por 100c.c.)
Aspirin Groups == llalo & Femalo

*6ST

Red Cell Count Bemoglobin
Low High Hean Variation Low High HMean Variation
£rom conte. from cont.

Halas

57 wlks 8% 7.65 8.17 '7.94 "'29.3% - - - -
76 " 7 8061 90'74 8085 + 607% 13.5 1508 1405 - 1.4%
g 7 7.80 8.65 8,29 - 2,0% 13.5 15.5 13.8 - 4,8%
o4ty 5 - - - - 13.5 15.4 14.4 - G, 555
98 Y' 4 ot - - - - 13.7 1407 14.2 -~ 4 '7,0
08 ! 4 - - - - 12.4 15.1 13,9 - .1%
Controls

57 Wka 6 5.71 §5.48 6.14 ] - -on

76 6 7.82 8.65 8.29 13.5 15.8 14,7

82 'f 5 790 9.00 8.46 13.5 15,9 14.5

g4 6 - - - 14.0 16.7 15.4

og ¥ 5 - — - 13,7 15,7 14,9

jog ¢ 5 - - - 13.5 15.4 14,5

Females

58 wks 6 Q.30 10,28 Q.75 +19.9p - - - -

76 1 6 6.52 797 7.21 - 5.,9% 12,4 15.4 13,9 + 2,29

g4 3 747 8.37 7453 - 9.4% 12,9 14,0 13.3 + 3,19

ol S 3 TN | 3 B.23 8.01 7.36 =11,.1% 13.5 15.4 14,% - 4,5%

09 v 3 - - - - 15.4 16.2 15,8 + 1.,3%
111 e 3 - - - o 10,0 14,0 12,3 =ll,5%
Controls

58 wks 5 7.34 8,97 8,13 - - -

76 5 6.70 8.15 767 13.2 15.0 13.6

84 " 4 796 8.06 8.32 12,4 13.5 12.9

g7 1t 4 794 8.64 8.29 13.7 16.2 15,4

00 ¢ 4 o - - 15.1 16.2 15.6

111 4 -o - - 12,5 15.0 13,9

# = lo, of animals

% = 3 wks off drug
st = 3 wks on Amytal & Aspirin



Table XXVI

Red Cell Count (liillions) and Hemoglobin (Gms. per 100c.c.)
Aminopyrine «- Antipyrine Groups == Female

D S VOB AN P KD R P M S S0 G KD S K00 6B W -CIF M B WP @y G U i Gl G Ty AP A A MY U WP s S el Al S a . — - -

Gl G A G P AR S WP S I TG N Gl 00 S5 U S W A W

Aninopyrine
40 wks 1
48 w1
88 te
73 11
81 ¢
B3t
95 1

Controls
40 wks
48 1y
58 "t
73 LR}
gl
83 e
95 ¢t

Antipyrine
40 wks
58 ¢t
73 e
g1 u
83se:¥ Y
96 ¢!

50 0u> i, aaty oulp Tulh o e 9

¢ = Ho., of
wr = 43 wks

- av-uy

Red Cell Count Hemoglobin
Low High Hean Variation Low High Hoan Variation
from contb,. from conte.

0'5’ 8.18 9086 8.84 + 8'2% - - - -
9 8,28 10,01 9,28 +19.4% -— - —- -
9 7.80 9.22 8,40 + 8.5% 12.2 15,8 14,7 - 2,0%
9 6483 10,54 8,32 +11,.0% 13.7 19.8 15.7 +12,0%
7 - hadend - - 11.5 1504 13.4 - 70-0%
7 7.05 8,06 747 - 344% 11.9 15.4 13.5 - 9,0%
7 5.61 9.64 8.27 - 2.7% 13,5 16,0 14,6 0,09
'7 7.64 9026 8.17 - - -
‘7 6a65 8.81 7.77 - hadnd - o
6 7.08 9,16 774 13.7 15.8 15,0
6 6456 9.14 750 11.1 15.1 14,0
6 badad fadad - = 12.9 15&7 1405
6 7.17 8.43 7.74 14.0 15.7 14,9
6 7.90 8.73 8,50 14,0 15.0 14.6
8 7.00 8¢52 7.71 - 5,6% - - - -
6 7.25 8467 7.97 + 2,99 12,4 15.4 13.8 - 8,0%
6 7.27 10.45 B¢53 +13.7% 14,0 15.8 15,1 + B,0%
4 - -~ - - 12¢9 1507 14.1 - 5005’3
4 7038 8.95 8017 + 505% 15.7 16.2 14;7 - 1.0%
3 7.25 9.80 8,92 + 4,9% 13,0 15,0 14,2 - 340%
animals
off drug

‘09T



Teble XXVII

Red Cell Count (Millions) and Hemoglobin {Gms. por 100c.c.)
Acotanilid and Phenacetin Groups «= lialo

Rod Cell Count Hemoglobin
Low High Meoan Variation Low High Hean Variation
from cont. from cont,
Acetanilid
42 wks 5 6.26 8.71 7.14 =18,4% - - - ~
69 1t 5 6.40 8.80 7.45 ~12.3% 13.5 16.2 14,6 + 4,3%
79 LR 5 7.20 8.56 7.90 - 9&1% 13.5 15.4 14,7 - 097%
85nut? B - - - - i2.2 16.7 14,7 + 4,.5%
Controls
42 wks 8 8.09 9.85 8.74 - - -
69 1t 6 8.00 9.63 8.61 11.5 18.0 14.0
79 6 8.14 9.22 8.70 12.4 16.7 14.8
g5 1 5 -— - - 12.9 15.7 14,1
g1 1 5 - - - 12.8 16.2 14,2
Phonacetin
42 wks 5 .08 .56 Q.30 + 606% - - - hadadl
69 1 3 9.00 10.20 9.54 + 9.8% 13.7 14,7 14,3 + 2,19
79 v 3 9.29 9.56 2.42 + B.3% 11.7 15.4 13.9 - 6419
g5net 3 - - - - - 12.4 15.1 13.4 - 4.7%
091 ¢ 3 - - - - 12.4 13.7 13.2 - 7.0%
#+ = lo., of animals

ni

a9, 8
R

5 wks off drug
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Table XXVIII

Rod Cell Count (liillions) and Homoglobin (Gms. per 100c.c.)

"A11" Group and Cincophon Groups =- lale

Red Cell Count Hemoglobin
Low High Hean Variation Low High Hean Variation
from cont. from cont«
431" Group
42 vwks 8% 7467 .57 8.47 - 3.0% - - - -
69 ¢ v 7.93 9.52 8.64 + 043% 12,6 15.6 1441 + 079
79 7 8,156 10,33 9,07 + 4,27 1365 1l6.2 152 + 2,7%
85wt 7 - - - - 13.5 16.2 1540 + 6,49
01 Wt 5 - aw - - 12.4 15,8 14.1 - 047%
Controls
42 wks 8 8.09 3,856 8.74 - —— -
69 1 6 8.00 2,63 8.61 11.5 18.0 14,0
79 te 6 8014 - - 8070 12.4 16.'7 14 .8
85 ¢ 5 - — ~ 12,9 15.7 14,1
gl LR 5 - - - 12.8 16.2 14.2
Cincophen
42 wks 6 749 8.97 8420 5e2% - - - -
69 v 4 7490 8,60 8.25 - 4,29 15.4 16.2 15,8 +12,8%
w9 W 4 8.32 9,95 9.26 + 647 15.8 17.6 163 +10.1%
Q5w 3 - - - - 15,0 1642 15.7 +1143%
91 ¢t 3 - - - - 15,0 15,9 15.5 + 9,1%
% = No, of animels
%% = 5 wks off drug

*29T



Table XXIX
White Coll Differontiation

Hales
Ho. of Heutro- Eogino= Baso= Total
Group Animals phils phils phils Gran.
' Acetanllid 5 38,2 2.6 o 40.8 ‘
Phonacotin 4 29.5 5,2 0 34,7
Cincophon 3 Ble3 Se' 0 33.0
"A11Y" Group 5 39.6 0.6 0.2 40.4
Controls 4 370 1,0 0 38.0
Aspirin S 3267 0 0 3267
Phenobarbital 4 42,0 0,7 0 42,7
Amytel 7 28,2 0.9 0 29.2
Barbital 5 25.0 0 O 25,0
Controls 7 27.8 0 0 27.8
Femalosg

Aspirin 3 29,7 2.0 0.3 32,0
Phenobarbilital 4 30.% Se0 0 33e%7
Controls 4 335 365 0 37.0
Allonal 4 48.0 2.5 O 5500
Alurate 5 37.5 1.4 0 38.9
Controls 4 3640 0¢2 0O 3608
Aminopyrine 7 39.0 1,4 0 44,0
Antipyrine 3 33,0 0.7 O 53.7
Controls 4 32,0 3¢5 0 3545

e @
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Table XXX
Estrus Cycles =« Caffoline Group

B AR GRSy A e S S P ST A

Octs == Doc. dJan, == Fob,. Hay == June Septs == Oct, Har, == Apre.
61 days 42 days 30 days 40 days 20 days
Ago 34-43 wlta Age 45=52 wks Age 62-66 wks Age 8l=-87 wks Age 108-112 wks
Drug 9-15 '' Drug 36-42 ' Drug 52-56 '!' Drug 71-77 ! Drug 098-102 t!

Hax, 17 12 7 8 2
Caffoino Hin. 9 5 0 0 O
loan 13.8 _9_:_9_ 269 §_=§_ 2_._6.
llax. 1S 11 6 6 3
Controls 1ine 11 8 0 0 0
Hoan 13,7 10.6 365 2.5 1.0
Animals Showing no Cycles during Periods
lst poriod 2nd period 3rd period 4th poriod Sth period
Caffolne O of 7 Oof 7 2o0of 7 lof 6 3 0of 6
Controls Oof S Qof 5 1l of 4 1l of 4 208 3

Avorage cycles for animals present thru all 5 periods (192 days)
Caffeine 26 (6 rats) Controls 24,9 (3 rats)

Avorage 4 -- day cyclos for animals present thru all 5 periods
Caffolne 15.6 Controls 15.0

%91

.- -l SR b G Ay T Ny . - D G WS S D G S - TS s Sup S | - -k
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Table XXXI

Eatrug Cycles Aminopyrino = Antipyrino Group

SETTTTRTT e 10-Tdwks  Age 27-5lwks Ago 61-65wks Age Te-Touks
Jans = Fobe liay « Juno Jane. = Pab. Ilor. = Apr,
42 days 30 days 31 days 27 days
Drug O-4wks Drug 17-2lwks Drug5l-55wks Drug62-66wks

Moxe 11
Aminop. Mine 10
Hoon  10.3

(B v Rer
o1
= OO

|
|
|

Mex. 11
Antipyrine I!lin. 10
Hoagn 10,3

Sﬂlﬂﬂ
41}
E»!Os?.
(ve

o

|
|
|

Haxy 11
Controls Wn. 8
tcan 10.0

=00
N
e
*
o
TREYN
L ]
3

|
|
|

Animalsa Showing no Cyclos during Perlods
ist poried 2nd poriod 3rd paoricd 4th poriod

Aminopyrine O of © 0 of B 3o 7 3007
Antipyrine Qof 9 Oof O Oof 6 2of 6
Controls Oof O 0Oof QO 0of % Oof 6

Av. oyclen for animala presont thru all 4 perlods (130 days)
Aminop. 17.6 (8 rats) Antip. 21 (6) Controls 19.8 (6)

Av, four-day cycles for animals prosent thru all ¢ poriods
Aminop. 10485 Antip, 10.7 Controlas 8.7

D 0 S S G VAR A U .l P ) Y 0 G T ) S Wl 4 U OO G B S Y A G O 0 B D D S 4 O R Sl D W i e de B s -



Table XXOII

Eatrug Cyclos == Aspirin == Pheonobarbital Group

ﬁOVM wr DOCe
50 doys
Ago 17=24 wks

Jan."~fFaﬁm
42 daya
Lpo 26-33 wks

oy == Juno
20 deys
Ao 47«47 wlke

Sopbe == Octe
40 days
Apo 62-68 wlks

Drug T=14 ' Drug 16-23 13 Drug 33«37 ¥t Drug 5258 v
Pax,. 13 10 1] 7
Aspirin 1iin, (1 1 Q 1
Hoan 10.% 6.9 3.0 602a
Hax. 13 11 7 6
Phenobarb. Hin. g & 0 1
‘MQGR 31.4 S.1 3¢ Sed
Iax, 12 10 6 7
Controls Ilin. o 1 0 3
Hean 10.6 6.2 Sed 4.4
Animals Showing no Cycles during Periods
1ot pariod 2nd poriod 3rd period 4th psriod
Aspirin 0 of B 0O of 8 2o0or8 Oof 6
Phonobsrh. O of 7 O of %7 1 of 7 O of 6
Controlsn Qof 7 0 of 7 30f 7 Oof 5
Avorago cycles for animels present thru all 4 periods {162 dey
4spirin 23.3 (3 rats) Phenobarb 28.1 (5) Controls 24.4

Lvorago 4 «= doy cycloa for anirmals praosont thru all 4 poriods

Aspirin 11l.8 Phenobarb 15.3

Controls 10.6

R A O S W NS e . 1

- TP - . S -

. - .. -

S S W W A A S

llare == Apr,.
40 days

Ao BG»0Z2 whks

Druyg 76-82 **

iy W
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Tablo XXXIIX

Eatrus Cycles == Allonal =~= Alurate Group

JAN. == Fébs flay == Juno Jan, == I'ab, éar. - AT
42 daya 30 deys _ 31 days 27 days
Ago 19 = 25 wks Age 35 » 39 wlks Age 70 - 74 wks Ao B0 - 84 wha

Drug 9 = 15 1! Drug 25 - 29 ¢ Drug 60 - 64 Drug 70 = 74 t¢

Hax, ic 8 6 2
Allonel Zine 4 2 b A 0
Heoan 8.5 BeO 2¢5 l.2
Alurate Hin, S o 8] 0
Hean 8,0 4.7 1.8 2.0
Hax. 10 7 4 4
Controla Hin. v 2 0 1
Hean 8.0 4.8 1.8 1.6
Animals showing no Cycles During Poriods
1st poriocd 2n4d poriod 3rd period 4th period
Allonal Oof O 0 of O Qof 6 2 of 6
Alurate 0 of QO O of 9 3 of 6 lofé6
Controlsa 0 of 9 0 of 9 lof 7 0 of 7

Avorage cycles for all animals prosont thru all 4 periods (123 days)
Alional 18 {8 rats) Alurate 17.5 (8) Controls 16.3 (7)

Avorage 4 == day cyclos for all animalo prosont thru all poriods
Allonal B.5 Alurato 7.3 Controlas Y%.6




Table XXXIV

lazo Learning snd Activity
Caffoine Groups =-- lale and Femalo

Loarning

Halos Famalos

S AP Ny S L S SO A Y Y W, S e

Age 28 wks ~=~ 18 wks on drug

T Y ST R et T SR U TS T S A A Y S

Age 29 wka -= 19 wks on

Togt{5)* Variation Control(5) Tast(7) Variation Control(5)
fram cont. from cont. ‘
Av, Trisls 15 -12.8"5 17 18.4 -24.0% 24,4
Av. Errors 60 +22.0;@ 49 5500 -2900,‘57 78.0
Trﬂv. To 9.7' "12.0 11': 9.7" '3’7'0% 15.4’
Toto Te 4800"‘ - 600% 51' 29.3’ "59.0% 71.0°?
Re=loarning
liales Females
6 wooks after learning 11.5 woeoks aftor learning
Tost{6) Variation Control(5) Test(7) Variation Control(5)
from cont, from cont.
6 trials 6 trials 6 trials 6 trilals
Av. Error 4,8 +164.7% 1.8 13,0 -22,0% 1646
Trav. T. 146 . - 6.0% 156 " 144 n .3000;0 208
Tot, T. 10.2’ +3800% 703‘ 9.9’ -4000% 16.7'

Y G G b Sy $20 e 25D S W D S W 4D - Gn b oty

% = Yo, of animals

- - W W G >
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Table XXXV

Hazo Learning and Activity
Phanobarbital Groups =~ lale and Fomale

ﬂales

|

WOy W T S -

Age 70 wits == 60 wks on drug

Age 72 wks =~ 62 wks on

Tost{6)# Variation Control (&) Test{6) Veristion Control(6)
from conte. from cont.
Ave Trials 21 + 8% 13,6 19.4 +29p 15
Ave. Errors 126 +20% 104,.7 93.5 +37% 7
Trave T. 15.4¢ "‘24; 12,7t 9.7 4’207 o1
Tot. Te 93.71 +&87 72,63 64.0 +19 .
Re~loarning
llales Fomales
10l wks after learndng 121 wks aftor learning
Test(s) Variation Control(6) Tost(6) Variation Control(s)
from cont. from cont,
Av. Trials 16 +375 11,7 13,0 +59% 8,7
Av. Errors 36 +53% 23.5 33,0 +106% 16.3
Trave Te 6,71 +67£ 4,01 6.0f 4375 3.91
Tote. Te 63,3 +155% 24,41 65.,4! +2507 18,5

%+ = Yo, of animals

- - e o 4 . 4
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170

Table XXXVI

Hazo Loarning end Actlvity
"A11l" Group & Amytal Groups =- lMalos
79 woeks of age == aftor 69 weeks of drug feeding

"AL1" Group(5)® Control(10) Anytal(s)

D O W w4 P P ) G S e G S0} b D G W Y SO WP S U WY S G R R S v D T MY 400 P W G IR Sh GNP ST D P S b R WP WD G R0 MR B Ow e G G oy ub BB

12 Trials Variation 12 Trials Variation 12 Trials
from cont. from cont.

Avs Errors 91 +619 56e5 +26% 71
Trav. T. 11,1 +68% 6.6 +41p 9.3
Tot. T, 10851 +113% 49,51 +44% 7.0t

D D U Gy S GNP Sl NP T T D A S G S s O I G P WS AN Y SN S Sup B e G S O P G it G D G W AP P WS on GED GeD G P en W ) WO AN W S Ub SR SUP iy W

4% = No. of animals



Tablo XXXVII

Maze Learning and Activity
Aspirin Groups -- liale & Female

Loarning
liales PFomalaes
Age 70 wks == 60 wks on drug Age 52 wks == 62 wka on drug |
Toat(7)® Variation Control(6) Tast(6) Variation Control(s)
from cont; from cont,
Ave. Trisls 21 + 7% 19,7 17 +13% 3.5
Ave. Errors 106 +0.9% 105 68 - 3% 70
Trav.e Te 161 +295 12.4¢ 8.5! 4 5% 8417
Tot. T. 1189 +62% 72.6¢ 681 +26d 541
Re=learning
_ _ Hales Females
" T10% wks aftor learning 12} wks after loarning
Teat(7) Variation Control(6) Test(6) Variation Control(6)
o from cont. from conte o
Av. Trials 11.8 + ld 11.7 10,0 "’15/0 8.7
Ave Errora 23.0 - 2% 230 18.%7 +15p 16.3.
rave Te 5,61 +40(” 4,0t 5.3' +36 309'
Tot. Te 20,7 =164 24,47 17,6t = 5p 18,5¢

%+ = llo. of animals

*TLT



Table XXXVIII

Haze Learning and Activity
Aminopyrine =- Antipyrine Groups =~ Female

Learning
Aminopyrine § Antipypine
T Age—59 wks == 49 wks on drug Ape 59 wks == 49 wka o; drng
Tost(8): Variation Tost(7) Variation
from cont. Controla(7) from cont.
Av. Triols  17.3 + 2% 1649 18,0 + 68
Av. Errors 79.0 ~04 5% 79,4 86,4 + 9%
Trave Te 7e51 + 3% 73! 847" +19%
Tot. Te 53.41 «17% 64,6! 74432 +154
Re-loerning
Aminopyrine Antipyrine
12 weeks after loarning iz weeks aftor learning
Tost(8) Variation Tost(%7) Variation
from cont. Controla(7) from cont.
Ave Trlals  14.9 +267 | 11,8 16 +36%
Av. Errors 43.1 +75% 24,6 55 1247
Trave. Te T30 +30% 5.6¢ 7.9t +41¢
Tot. T. 46,21 +113% 21.7¢ 431 +98%

# = llo, of animals
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