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INTRODUCTION

Carbon monoxide poisoning is a danger to which everyone
may be exposed. Industrial workers, espocially men working in
mines and in iron and steel millsa,frequently face this hagard,
Garages in which there are running automobiles are places of
especial danger. The carbon nmonoxide content of the air in a
parage repair shop was found to be as high as 0.3 per cent as
long as six houra after all engines had been turned off (Fgdahl,
1923). Recently there have been two cases reported in Iowa in
which thie occupants of encloased cars parked with the englnes
running have met their death, bDulldings, especially old ones
with leaky gns fixtures are dangerous, and when thesa are living
quarters, the persons in graveat danger are the mothers and
young children who do not et away from home frequently (Stevena,
1926)., Carbon monoxide may he formed in dangerous amounts from
open f{ires, and from furnace or stove fires, City streets,
hemmed in as thoy are by tall bulldings, contain apprecieble a-
mounts of carbon monoxide (Wilason ot al, 1026).

A source of carbdbon monoxide polsoning that has recently
been noted 1s tobacco amokin;;e 7The carbon monoxide content of
the blo-d of smokers was found to be higher than that of none
smokers (llamon and Hastings, 1933).

Hoot of these anurces of carbon monoxide polsoning result
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in a chronic, subacute polsoning. The degree of cardbon monoxide
in the blood remains low because of a low percentage of the gas
in the air dreathed, or because the individual frequently breathes
air containing no carbon monoxide, during which time he loses

some or all of that held in the blood. Under these circumstances
the indlvidual does not ordinarily beocame acutely 111 owing to

the polson, and he is in most cases unaware of it, Iither he

does not become conscloua of the symptams of carbon monoxide
poisoning, or he attributes them to other causes,

Because of these consideratima, 1t seemod valuable Lo une
dertake a atudy of the effects of a long continued, subaocute
condition of carbon monoxide polsoning, as noarly as poasibls
achlieving in the laboratory the type of carbon monoxide polson-
ing most osrmonly found in man. As a matter of expedioncy, and
also bocause Lo most individusls the groatest ever-present source
of danger from ocarbon monoxide poisoning is 1lluminating gas
(llenderson, 1930), 1lluminating gas vas used as the source of
the carbon monoxide in the work reported.

All of the toxic effects of 1lluminating gas may not be
attributablo to carbon monoxide. Other constituonts of 1llumline
ating sas appear to be toxic, lHenderson and liaggard (1020)
found that in their experiments using pure carbon monoxide in
air as the asphyxiant, the animals dled with a carbon monoxide
henmoglobin content in the dblood of 85 por cent, but using 1ille
uninating gas as the asphyxiant, the animnls died with a blood
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carbon monoxide hemoglobin content of as low as 65 per cent,
In experiments reported subsequently (Henderson and Haggard,
1922), the average carbon monoxide hemoglobin of the dogs at
the time of death was found to be 84 per cent when death was
caused by breathing a pure carbon monoxide and air mixture, and
72 per cont when death was caused by breathing an 1lluminating
gas-alr mixture. These investigntors, on the basis of their
observations on the animals asphyxiated in those different ways,
consider illuminating gas to be a greater respiratory stimulant
than pure carbon monoxide. If bengene 1s a conatitubnt prosent
in the 1lluminating gas, as it may he, 1t has a very toxio
effoct (Hasgard and lenderson, 1921a).

As the work on the exporimont to be reported progressed,
it was found that the exporimental procedure had & depreasing
offoot upon the reproductive powers of the oxperimontal animals.
The purpose of this study, was to discovor whether this offoct
was brought about through tho action of the oxperimental proe
cedure on the male or on the female animals, or on both, and to

learn as ruch as poasible concerning the mechanism of thig action.



REVIEYW OF LITVRATURE

Effects of Chronic Carbon ilonoxide Polsonlng

Certaln effeocts of chronic poisoning vwith carbon monoxide
have been noted. One 1a the effcet on the hemoglobin, Curlouse
1y, both polyoythonia and anemia have been found, apparontly re-
sulting from carbon monoxlide polsoning. Sayers and Davenport
(1930) clte a papor of Koron (1891) in which he attributos per-
nlclous enemlia in three children to chronic carbon monoxide
polsoning. Strassman (1019) states that the chronic action of
carbon monoxide taken into tho blood over a porlod of years
may result in a condition of porniclous anemia. IHossilter (1928)
lists anemla among the symptoms of chronic poisoning from carbon
monoxide. During the war (lacpheraon ot gl, 1923) it was found
that while in same individuals anemin resultod fram o:rbon mone
oxlde polsoning, in oLhers a polyoythemia developed. This poly~
cythemla might bo accompanied by (a) no change in homo;lobing
(b) increased hemoglobinj (o) decreased hemoglobin,

Becnuse of thege reports in the literature, there have been
attanpts bo bring about a condition of anemia by subjecting an-
imals to chronic carbon monoxide polsoning. However the results
roported indlcate the devolopment of a oondition of polycythemia
and & higher than normal blood hemoglobin, rather than one of
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of anemia. ilasmith and Graham (1906) kept gulnea pilgs in closed
chambers wlth a carbon monoxide content sufficlently hich to
keep tho blood of the experimental animals saturated with carbon
monoxide to the extent of 25 per cent, and found that there was
an incrense in the erythrocytes, and an inorease in the hemogloe
bin content of the blood as the animals bhecame acclimated to the
exporimental conditiona. Sayers et al.(1929) found that men ex=
posed dally to gasollne engine exhaust gas-air mixtures showed
a dlstinct increase in hemno;lobin accampanied by an increase in
the red blood cells, but no significant change in tho loucooytes.
then theo response to continued exposure to carbon monoxide
rosults in inocreased hemoglobin, a certaln toleration 1s ostabe
lighed: compensation has resulted., It was found during the war
that mon working where the air contained asmall percentages of
carbon monoxide (about 0.02 to 0.03 por cent) established a tol-
oration to the polson such that these men could bo exposed for
longor porilods to carbon nonoxide than could men vho had not
dovelopod a tolerance., ‘Thls tolerance did not porslat after
the mon had spont some time 1n pure alr (lMacphorason gt al, 1923).
Nasmith and Graham (1006) also roport an incroase in the
white cells of tho guinea pigs subjected to exporimontal condi-
tions., This was in part at least caused by an increase 1n 60w
sinophlls and pseudo-eosinophils, until tho toxemic condition
induced by the carben monoxide grew more sovere, Sayers et al

(1920) £ind that no slgnificant change in the numbor of leucoe
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cytes or in the differentisl count occurred in the nmen who
broathed the automoblle exhaust pase-air mixture for slxty-eight
aayse

That there 1s no change in the erythrocytes or leucocytes
thensclves 1s to be concluded fromw ork done by Strasaman (1919)
on the blood of individuals killed by carbon monoxide polsoning.
ilcloux (1921) affirms this. Doedikor (1932) found in his ex-
porimental animals subjected to daily polsoning with pure carbon
nonoxido an inocrocased fragility of the erythrocytes to the upper
1imits or tho normale

Blanchini and Fabborni (1922) found that in raibita polisoned
with carbon nmonoxide, the number of platelets was tenporarily
increagsed to twice the normal number, but that the Iincrease bo=-
came succesolivoly less as the rabbits were polsoned with carbon
monoxide on successive days.

Blood in which a large portion of the horoglobin 1s united
with carbon monoxide to form carbon monoxide homoglobin does
not coagulate as roadily as normal blood, according to Stowart
(1920). Forbes and Hompe (1921) could not verify this experimentally.

Repeated poleoning by carbon monoxide may affect the hoart:
in the Vorld Var 1t was found by the British medical officers
that in the more susceptible mon who had been gassed sevoral
times, hoart trouble often ensuod (lacpherson et al, 1923).

Exposures to carbon monoxlde have a depressing effect upon

body motabollsm and tempcrature, Walter (1927) determined the
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rate of metabolism of white rats exposed and not exposed to
carbon nonoxide. He found that concentrations above 0,05 per
cent had a markedly depressing effect upon the metabolism, He
considerecd that the rats becamo acclimated to cardbon monoxide,
a8 the saomo oxposure repented over a period of days deoroased
maetaboliam and body termerature less on the last day than on
the first.

The blood sugar may bo higher than normal following ox«
posure L~ carbon monoxide, and urlnary sugar may be »resont
(Straub, 1897; tilkami, 19863 Rossiter, 1028).

Growth may be retarded, and welsht kept below aormal.
Sayers (1928) found that veory youn: rata and guinea pizs oxposed
continuously to small concentrations of ocarbon monoxide do not
gain weight as rapidly as do the control enimanls., Hossiter
(1928) montions diminished ruscular power, indigestion, loss of
appetite, change of woight, ond muscular wenkness as symptoms
of chronic carbon monoxide polsoning.

Tho obaervation has heen repcatedly made, both on rien and
on animals under experimental conditions, that the younger indi-
viduals cre more serinusly affected by the polson (Menderson,
19163 iacphorson et al, 1923; Stevens, 19263 Sayersa, 19028),

The explanation of this liecs 1n part in the fact that the young
child or young individual has a groater relative respiratory ox-
change for its aslze, and tho formation of carbon monoxide hemo-
zlobin occurs at a greater rate than in an older individual (Hen-

derson, 1916)., '‘he rate of motabollism of the individual 18 a
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factor (londerson and Haggard, 1927; Mack, 1933). Paradoxically,
1t has been found that rats Just born do not succumb to carbon
rnionoxide polaoning as quickly as do older rats (Avery and Johlin,
1032).

Individual susceptibility to carbon monoxide poisoning other
than that due to age (rate of metaboliam) and aize has been ob-
sorveds One factor is undoubtedly general well-being. Any
heart trouble, or aneria, or fatigue is predisposing toward
groator susceptibility. So also arc alcoholism, digestive dls-
turbances, arterio-sclerosis (ilosslter, 1928)., Ixortion either
during or following exposure to carbon monoxide inoreasos the
rate of development and the severity of the symptoms (Sayors
et al, 1029)., ‘'‘here seems to be a sexual difforonce, vnomen
being found to be less auscoptible to the polaon than men (lar-
bite, 1917; vicbater, 1930). Femalo rats seem tobe less affect-
ed by tho poison than are male rats (Molillin, 1932).

A fundamental cause for this variation may be based on the
differonces in the affinity of the hemoglobiin of dAifforent ine
dividuals for carbon monoxide, That this difference oxlsts be-
tween men as well as among species was shown by the Inglish ine
vostifators (Douglas, llaldane, and Haldane, 1912), Nenderson
and Haggord (1922) do not bolleve that this differonce 1is great
enough to be a factor in explaining individual susceptibllity
to the polson, They conslder that much more important factors
are the 1ndividual diffcrences in susceptibility of the body to
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the 11l effects of oxygen want, and variations in the volume of
breathing among individuals.

8wy (1925) claims that carbon monoxide poisoning reduces
the immmunigation of the body to disease, He bases this Judge
ment on the fact that three infeotious 1llnesses followed a
rather light case of carbon monoxide poigoning. Pneurionia may
develop, especlally following prolonged exposure to the gas
(ilacpherson et aly, 1923), Egdahl (1923) reports an experiment
in vhich he compared the degree of spread of infection of Bacillus
tuberculosais and Sta gcoccus awreus in gulnea pigs boing ox-
posed for one hour daily to 0.1l per cent carbon monoxide with
that in ocontrol guinea pigs. The results with the staphylococous
wore unconclusive, but the gassed animals definitely showed a
nore wideapread tuberculous infection than did tho controls.

There have boon some cormonts in the literature on tho
offect of carbon monoxide polsoning on sexual activity, and on
roproduction. Hossiter (1928) comments that "loss of sexual de-
aire" 1s given as a symptom by tho men who are exposed to small
amounts of carbon nmonoxide dally, IHe adds that 1t ia hard to
detormine whethor this symptom, together with others given by
tho same mon, 1is the result of the gas or of some other factor,
lcCombs (1918) reparts, among other sequelae to carbon monoxide
polsoning, the loass of sexual power. As he mnkes the statement
that all of theae sequelae cleared up within six months, this

condition was evidently transient,
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HoCombs (1912) also reports that he has observed a number
of pregnant women who have survived the asphyxlation of carbon
ronoxide polsoning. In no case was the subsoquent dellvery abe
nornal, nor was the child affected. A recent query (May 20,
1933) 1in the Journal of the American Medicad issocintlon as to
whether poisoning from 1lluminating gas could cause abortion
waé answered in the affirmative.

Noiltllin (1032) roports the death of one of hor experinone
tal animals subjected to 1llunineting gas-air mixture, with an
inability to deliver the litter. On autopsy, the utorus of tho
femalc aproared black and congested, and contalned four wolle
devolopod foetli. There had been a bloody vaglnal discharge
during the three days precceding death. A second fomanle anong
the experimental animals was nregnant, and bore a litter, none
of which survived beyond tho firast day.

%ells (1933) administered an air-gas mixture containing
1.5 por cent carbon monoxide dally to female rats during the
gostation porlod, the gmsaing bime avera;ing from five to elight
minutes, and belng terminanted when unconsclousness was reachod.
Ho reports abnormal pronatal dovelopmemt, and small, abnormal
littors. The femnle rats showed a slight odema of the nerve
cells of the cortex, bhut no change in the nervous system of the
offapring could bo demonstrated.

The effect of chronlc carbon monoxlde poisoning that have
becen enumerated above cause the followlng symptoms, accarding

to Wehster (1930)3
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"nrogressive fatigue, muscular weaknoss, headache, dullness
and mental depression, disturbed vision, a peculiar transient
ashy pallor which may change to a more or loas greenish pallor,
red patches on the cheek bones, palpitation of the hosrt, nauses,
vonmiting, vertigo, slowing of the pulse, and dyspnea.”

Luden (1921) gives an acocount of an individual suffering

from what was found later to be chronic carbon monoxide polsone
ing:

"Intonse abdominal pains, vislble apasms of lumbar and ab-
dominnl muacles, sudden attacks of symcope, and chills without
rise of temperature, alterncted with periods of conparative well
belnge.esseillnor symiptoms developed: hoadaches located behind the
eyes, dbut tho patient had suffored fram headaches for yoarsj
occasional, if rare attacks of nausea; obstinate conatipation;
irritation of the bladder with difficultios in micturition; the
bdbladder symptoms were asoribed to tho olimination of tho camphor,
but wore also obaerved when no camphor had been givon. 'The
temporature was normal or subnormal, with an occasional cvoning
rise; this too, had been frequently observed in previous yoars.
The heart sounds were normal, The pulse was of a good quality,
on the wholo regular, G8 to 72 beats to the minute, At intervals,
howevor, the pulse showed irregularities of a pugzzling character:
series of good strong beats alternuted with gsorios of osmall,
'£1lat' beats that were scarcely perceptible, but without accel-
oeration. Tho electro=cardiograph falled to roveal theose abnor-
nalitlies, although thoy could be felt at the wrists, Urinalysis
anxl blood counts showed nothing abnormaljy tho erythroocytes were
4,500,000 to 5,000,00Q which socemod high considering the gene
oral debllity of the pationti the hemoslobin was 70 to 75 per
centj tho leukooytes 8,000 to 10,000, The bLlood prossuro was
low: systolic 70 to 80, dlastolic 60 to 70; theo pulse pressure
often did not exceed 10 rm,, obaservations beling made dally at
tho gsame hour and frequontly repeated at differont tlmes of the
day with the ‘Lycos sphygmomanomoter. <1he blood sugar wans very
low, 0.06 to 0.08 gme por 100 co. of bloody Lhe blood choleaterol
values wore high on tho vhole, 130 to 165 mg. por 170 cc, of
vhole blood."
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Patholoszical Changes Followl Carbon Nonoxide Poils

The anoxemia which 1s induced as a result of the apecifiec
effect of carbon monoxide upon hemoglohin will become serious,
if the carbon monoxide poisoning is severe or prolonged., lienw
derson and Haggard (1922) say that a severe dbut short exposure
to cardb-n monoxide is less dangerous than a lesser degree of
the polsoning, prolonged. The dlasastrous results of the anoxemia
may continue after the individual has been romoved from the
source of the poisoning, unless adequate treatmont is instituted
immodiately. In cases of prolonged severe poilsoning, irreparable
damage may have been done, arnd i1f tissue degeneration has begun
there 13 no remedy known to cause tlssue recovery.

Lowin (1920) found cagses showing inflarmation in the opl-
glottis, pharynx, osophagus, and stomachj and cases showlng
bloody offusims in t he mucous mombrane of the intostinos and
inflammation with hemorrhages in the largo intestinoa, He
found an even greater number of cases whero inflarmation was
progent in tho air passages.

Rossiter (1928) records that the staomach, intestines, and
poritoneun show eomgoestlion, potechial spots, effusions, and
hemorrhages at times; indeed that all the organs of the body,
and particularly the brain, may show signs of oongestion and
petechial hemorrhages on the gurface and throughout thoir struce
tures. !1M11 and Semerak (1918), in their study of thirty-two
individuals killed by carbon monoxide, found in fifteen of the
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cases petechial hemorrhages in numerous rmcous and serous mefie
branes throughout t;he body, as in the stomach, bowels, poritoe-
neunt, ronal pslves, urinary bladder, pleura, pericardium,phar-
ynx, larynx, and skin, They found hyporplasla of the lymphold
tissues of the body, including the spleen, thymus, tonsils, and
lymph glands,

Poisachowiteh (Tscherkess and Melnikowa, 1928) found changes
in the suprarenal capsule and in the thyroid gland of animals
1241led by carbon monoxide, If the death resulted fr m a short
acuto polsoning with carbon monoxide, oxhaustion of the chrome
arfin subastances of the suprarenal waa found, while if death
followed prolonged exposure to carbon nmonoxide, a hyperfunction
of tho medullary layor of tho suprarenal capsule was founde
Similarly, after acute carbon monoxide poisoning, a hlsto-cheme-
lcal change in the thyrold follicle was observed, and inocreased
colloid formation over normal aftor prolonged polasoning.

No change has boen obsorved in muscle tissue (Ramsay and
Eilmann, 1932).

The most notowarthy change 1is found in nervous tissue,
which 10 oxccedingly sensitive to oxygen deficlency. 1111l and
Somerak (1918) report the following pathologlcal changes observead
in theilr study of individuals killed by carbon monoxlde: liyper-
cnia of the brain aund the leptomeningea were observed in twenty-
nine of the ocases studled, and edema and internal hydrocephalus
In twonty-ono, In 14 cases a bllateral softening of tho lontic-
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ular nucleus and internal capsule was observed grossly, while
In all tho other cases necrosis of the lentlocular nucleus was
obscrved nloroscoplcally. The globus pallidus was invarladly
affected, and the putamen and internal capsule to & lesser de-
gree. ‘Thrombosis of the veins, and even of the arterles was
observed in certain cases in the lentiocular nucleus, with evidence
of staslis of circulation in others: Other foctors, such as gyphe
11is, tuboroculosis, sge, which may have been responsible for the
conditions found were ruled out in so far as possible,

Hiller (1984) says that softoning of the pallidum 1s the
poeculiar and characteristic change in the contral nervous aystem
caused by carbon monoxide., Wiemann (1926) states that the brain
injury is not due to direct injury of the nerve tigsues by
carbon nmonoxide or to alteration in the vascular walls, or to
thrombotic clogsurc of the blood vessels, hut to distirbances in
the ciroulation,

Furrthor ovidence in support of the fact that the bLrain in-
Jury resulting in oarbon monoxide polsoning 1o not due to the
apoclfic action of carbon monoxide on norvous tissue was pre-
gsonted by Haggard (1922) in an exporiment in which he irew ohlck
nouroblast in an atmosphere cmslsting of as much as 79 per cent
carbon monoxide. lo 11l offect was noted. However, la gard
found that as little as 0.l per cent of 1lluminating gas in the
chamber with the growing chick nemroblast had an inhlbiting
effoct. “This polnts to other toxic propertlies found in 1llumin-
ating gas than the carbon monoxide, but Haggerd concludes that
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his experiment 1is not to be interpreted to indicate that carbdbon
ronoxide is not the chlef polsonous constituent of 1lluminating

ga8.

Cause of Death in Carbon Monoxide Poiso

Campboll (1929) made a study comparing the pathological
effects of prolonged exposure to carbon monoxide with those
produced Ly very low oxyren preossure. (The two condltions are
not strictly compurable (ilaldane, 1922).) As the oxygen tonsinn
was reduced, cithor by carbon monoxide in the air broathed, or
by lowering the axygen .ressure, signs of clrculatory fallure
devoloped: conditims of congestion in tho liver, lungs, and
brain particularly, of edoma, of degeneration, and of atropiy
worc obsomved., Capillary and venous engorgoment was noted. Aa
he found the same canditions developing in both sets of oxpori-
montal animals, Campbell belleoves that hls oxpoeriment indilocates
that tho oause of doath in cases of ocnrbon monoxide polaoning
is tho same as that in casesa of anoxemlia due to luwered oxygen
pressure, and he conoludes that the ability to withstand carbon
monoxide polsoning depends upon ithe ablility of the vital organs
to function and survive under conditions of low oxygen tension.

The oause of death was studied by lagpgard (1921) on dogs
asphyxlated with oarbon monoxide. lle found that upon inducilng
a rather rapld asphyxlatlion with carbon monoxide, the course

of evonta was as followsa: An oxcltement stapgo was followed by
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depression and unconsciousness. lLespiration became asugmented
ancon after gassing was started, and developed into dyspnea which
reached 1ts height shortly before unconsoiousness developed; sub=
sequently, as resplratory fallure developed, resplration became
dinlnished and 1rregular, and ceased. <The heart, which had dbeat
more rapldly during the hyporpnea, and then more slowly as the
pulmonary ventilation became reduced, continued to beat for
sovoral minutes after cessation of insplrati-na, During this
time impairment in auriculo-ventricular conduction doveloped,
and in somo cases partlal and comnlote block ensued. In other
cases, ventricular extra-systoles occcurred with increasing fre-
quency, until the heart finally passed into a state of ventric-
ular fibrillation. Haggard states that the respiratory fallure
1s caused by tho exccasive loas of cardbon dloxido induced by the
hyperpnea oxlsting for a time, Any atimulus of axygen defioienoy
for broeathing ho considers to be loat bhecauase of doorcased sensi-
tivity of the respiratory centor to the condition of anoxemia.
Tho anoxomlo conditlion of the heart ia reaponsible for the cardiac
activities observed following cessatlion of respiretion,

imeon death rosults fromfpvolonged perlod of carbon monoxide
polsoning, lla:gard found the same sequence of evonts Lo take
place, except that heart block and ventricular fibrillation deo-
voloped somewhat more quickly after respiratory falluro. Be-
foro resapliratory fallure, no evidence of impairment of cardiac

conduction devecloped,
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Hechanism of Carbon konoxide Poliasoning

The most commonly accopted view-point 1s that carbon monox-
ide is physiologically an inert gas, in contradigtinction to a
gas such as carbon dloxide, and one that would be clasaifled as
a simple asphyxiant if it were not for the pgreat affinity of
carbon monoxide for hemoglobin (llendorson and lagsgard, 1927).
(The cvidence that carbon monoxide 1s a specific tissue polson
wlll bo presented later.) laldane (1895) placed mice in chambers
containing sufficlent carbon nonoxide to saturate ontlrely the
homoglobin of the mice, and also contalning oxygen to the extent
of two atmospherea of oxygen pressure, The mice survived, under
oonditions in which no uxygon was trangported to the body tisaues
by tho homoglobin, but only in solution in tho plamma., (Three
to four volumes por cent woro carried in solution in the plasma,
under these conditions.) This oxporimont was interpreted as
proof that if tho tlissuo anoxia could be prevontod, carbon
nonoxide 1tself waa non-toxic.

Tho toxlc effeot of carbon monaxide is thorofores ascribed
to the anoxia rosulting when so much of the hemoglobin has
united with carbon monc:ide to form carbon monoxide hemoglobin
that insufficient amounts of axygen are avallable to the tlissuoes
for normal tissue respiration and metabolism, Stadie and llartin
(1025) claim that there 1s an altorqtion from the normal oxygen
dlagocintion in conditions of carbon monoxide poisoning, with

the result that oxygen 1s not as readily dissoclated from hemow-
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€lobin in the capillaries, as in the normal; and that an indi-
vidual who has half of his available hemoplobin tied up in the
farnm of carbon monoxide hemoglodin 1a in n mmch more serious
state of anoxemia than an individual who, through sevoreo anenis,
has only an equal amount of hemoglobin (1.e. half the normal)
avallable to carry oxyren to the tissue.

Carbon monoxide unites with hemoglobin according totho
law of mass action, the amount of carbon nonoxide hcrioglobin
eing formed depending upon the partiel presmure of carbon
monoxlde and of oxygen in the nlveoler alr. The same la true
of the diascolation of carbon monoxide homozlobin, the reaction
being roversidble, and bein;; practically instantanocous in elther
direction (Hartridge and Roughton, 1922).

Tho relative attraction of csrbon monoxide and oxypgen for
hemoglobin in man are in the ratio of approximately 300:1. This
belng true, then 1f the oxygon crntent of the alr broethed were
300 timos as groat as the cnrbon monoxlide content (a c;n'rbon
rnonoxlde content of 0.07 por cent), the distridution of tho two
gases In the blood should be about equal (Hondeorson, 1027). But
oquilibrium at this polint would be obtained slowly. Illenderson
saya: ''lhe rate of absorption of ocarbon monoxlide by the lungs
cannot exceced the amount of the gas drawn in by breanthing. Thus
the volume of respiration 13 a 13.m1t.ing; factor in the rato at
which carbon monoxide hemoglobin can be formed." And the volume
of resplration in comparison to the sigze of the body and the
volume of blood in the body 1s groater in small individuals,
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Sayers and Yant (1923) found that with a conocentration of carbon
monoxido in the air of from 0.07 to 0.10 peor cent, inclusive,
1t required from three to faur hours to saturate the blood 47
to 53 per cent. Presumably, as the pll of the bLlood inoreases
with the loas of carbon dloxide attendant on over-breathling
durlng poisoning with cardbon monoxide, the affinity of the
henoglobin for carbon monoxide will increase (Stadle and llare
tin, 1925).

The elimination of carbon rionoxlde from the hemoglobin 1s
alow, boecause the alveolar alr continues to have hich cserbon
monoxide content, the carbon rionoxlde liberated from the blood
belng eli:inated from the alveoll only slowly. Clinlcally it
has beon found that adminlstering an oxygon mixture containing
geven per cent carbon dloxide to tho victim of cerbon monoxide
polsoning speeds up the recovery (Henderson, 19163 1930). (This
1s tho troatment of cholee in all cases of asphyxia, but has
been objoocted to on the grounds of posslble damage to the heart
(Rossiltor, 1928).)

Stadie and !lartin (1925) derionatrated in experiments on
animals in which the rate of broathing was controlled by tra-
cheal cannulatlion and an artificlial rospiration apparatus that
the hyperventilation induced by the carbon dlioxide is of ninor
importance in the elimination of carbon monoxide, as compared
to the effect of decreased blood pH and reduced affinity for
carbon monoxide. Carbon dloxide therapy would scem to be ideal

in that 1t brings about both hyperventilation and inereased
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blood hydrogen-ion content,

Haggard and Henderson {(1921) find that carbon monoxide
poisoning causes air alkaloais: that the loss of carbon diloxide
from the blood causes a decrease in the blood blcarbonates,
Hence the rational treatment of the condition 1a to administer
carbon dioxide to the victim of the polsoninge These lnvesti-
gators state also that during the recovery period an acldosls
may be present,

Carbon Monoxide as Specific lssue Polson

Some evidence has beon forthooming that carbon monoxide has
a speciflc toxic erfect on tissues: llott ralged the question |
(1907). uathews (1030) suggosted that carbon monoxide misht act
by uniting with oxypon receptora other than hemoglobin, Vare
burg (1926) found that carbon monoxlde depressed the rate of
oxygon consumption of yeast cells, and also that 1f tho oxygen
pressure were inoreased, it required correaspondingly more
carbon monoxide to obtain the same dopression.

JeBeS. Huldane (1927) found that la:'ge amornts of carbon
nonoxide affected the aoctivity of moths and the germinatlon rate
of seeds. Ho nlso performed an intereating experiment using a
rat as the teat animal, le placed a rat in a chamber in vhich
tho oxygon pressure was three atmospheres, and thoe carbon monoxide
preasure one atmosphere. The rat showed almost normal behavior,.

If the amount of oxygen were roduced to only two atmospheres of
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preasure, the rat showed lnoreased rate of breathing, but no
other symptoms of distress. But he found that ralfsing the car-
bon monoxide pressurc in the chamber to two atmospheres lkilled
the rat, whoreamas in the control experiment, the adding of one
atmosphere of nitrogen to the gases already in the chamber
apparently caused the rat no distress. For this reason, laldane
claims that the added carbon monoxide was toxic. IHe consldered
that it was toxic because of 1ts effect as a tissue polson,
since by tho conditliona of ths experiment the hemoglobin of
the rat wans already saturatod with carbon monoxide to the extent
of 03,3 per cent, and the rat was boing maintained on oxygon
carried in solution in the plasma. (To arrive at this figure
llaldane asswicd that tho tenperature coeffioclent of the affinity
of carbon monoxide for the homoglobin of the rat 1s the sume as
that for the hemoglobin of man. Anson, Baroroft, llirsky, and
Olnuma (1924) found in tho human the affinity of carbon monoxide
ags compared to that of oxygen to be 400 to 1 at 15°C, and to bve
250 to 1 at 37°C, For the rat thoy found the affinity to be 380
to 1 at 18°cC,)

Kellin (1929) reported that carbon monoxide has a dofinite
inhibitory effect upon the activity of indophenol oxidase in
yeast cells and in mammalian rmacle tissue,

Rlecently the adminiatration of methylone bluo as a thera=-
peutic measure in the treoatment of carbon nonoxide polsoning has
been advocated (Brooks, 1932; 1932a)s A number of cases 80
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treated are on record (Geiger, 19333 Bell, 1933; linss, 1933;
Christoferson, 1933). The basis for such a suggestion lles in
the work of Warburg on i1solated tissues. Verburg found (1930)
that the oxygen uptake of red blood cell suspensions was practi-
cally unaffected by carbon monoxide in the presence of sufficiené-
1y large amounts of methylenc blue. Haggard and Greenberg (1933)
and Henderson (1933) o not belleve that the resulta obtalned
on 1solated tissues can bo applied to the living marmmal. They
stato that methylene biue 13 a aynergist, rather than an antie
dote for carbon monoxide poisoning in the mammal. 1I'cy support
their statemert with experimental evidence, and on tho theoreti-
cal basls that thoe actlon of methylene blue 1a to convert henio=
globin into methemogloblin, a chmmge whish would not reduce the
amount of carbon monoxlide united with the hemoglobin, They
point out that the convorsion of hemoglobin into methemoglobin
would inorcase an already oxlsting anoxemia caused by tho pro-
sence of carbon monoxide. Drooks (1934) disputes the idea that
mothemogilobin 18 formed in the presence of methylone blue in
vivo in the presence of glucose. Doutach and %olss (1034) re-
port favorable results in treating vioctims of carbon dloxlide
polsoning, using intravenous injeotions of methylone blue and

glucose.



2=

MATERIALS AND HETIODS

)y ntal a8

The experimental animals used chlefly were white rats (}jua
norvecicus albinus) of the Wistar atrain, They were descendents

of rats obtained fram the Wistar colony in October 1931 and in
March 1938, Twelve of the rats used for the study of the oege
trus cycle were obtainod from the chemistry department of Iowa
State Colloge, throeo of these rats being pled femanles, threo
gray femalea, and the other six albino rats,
Tho animals were kept in one of the animal laboratorios

of the goology department, in Science bullding. Thia laboratory
conslsts of two corner basemont rooms of cement construction,
that are adequately lighted and vontilated. The rats were ocaged
in hanging motal cages of coarse screening, in each of which were
kept two small beakers, the one filled with wator, tho other with
the dlet fed. OSexes were kept segregated, exocept when data on
reproduction was sought.

Animals on experiment weore glven the following dlet (from
loCollum: Lee, 1926) ad libitum:

Whole whoat flour 626 parts
Powdered skim millk 150 *®
Casein 150 *
Calclum carbonate 15 "
Sodium chloride lo0 v

Cotton aeed o1l 50 "
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This was supplemented by cod liver oil, given individually once
or twice a week during the winter months; by lettuce twice a
weeck; by raw liver twice a week; and by day old bread, whole
wheat and white, which was fed dally to the rats.

The experimental rata wore subjected each day for a glven
interval to a 1.43 per cent alr-illuminating gas mixture. This
intorval was increased to one hour each day as soon as the rats
could tolerate so long a period, and a few of the rats weore

gassed for as much &g two hours each day.

Respiratory Apparatus and Gas Analysos

The cloged eircult respiratory apparatus in whioh the rats
ware subjooted to the alr-illuminating gas mixture consista of
an animal chamber connected by tubes with the two openingss of a
robullt basal metaboliasm apparatus of the Benedict-Roth type.
Tho animnl chambor 1is an eight and one«~half liter gleass jar with
two oponings, each closed with a ones<hole rubbor stopper. (See
Fige 1ls) A blower 1s insorted betwoon the animal chamber and
the Sansolime contaliner to Insure constent circulation of the
oenclosed gas. A layer of llo. 14 and a layer of llo. 8 Sananlime
flltor the enclosed gas, and keep the air-illuminating gas mix-
ture breathed by the rats from becaming excessively moist, The
volume of gas in the apparatus 1s controlled by tho height of
the spirometer bell which floats on a water seal.

The total volume of the apparatus as aset up was calculated



Scale

~ Pigure 1, Clpsed Circut Heaparctory Appcratus
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to be 20,639 cee To this volume of alr was added 300 cc. of
1lluninating gas, msking an air-llluminagting gas mixture of 1.43
per cent. Gas analyses obtained from the lowa Rallway and Light
Corporation at Boone, Iowa, for the twelve days from Hay 23 to
June 6, 1933, inolusive, may be considered representntive. Iure
ing this time, the average percentage by volume of carbon monoxide
in tho 1lluminating gas was 23,5 per cent, an amount such that
the approximate percentage of carbon monoxide in the air-illume
inating gas mixture in the apparatus waa 0,34, or 34 parts por
10,000, Sayers and Yant (1083) found that persons breasthing
alr containing 0.30 to 0,60 ner cent carbon rionoxido developed a
carbon nonoxide hemoglobin of 68 to 73 poer cent in twenty to
thirty minutea,

The complete analysis of the volume porcentage composition
of tho 1lluminnting gas used from May 23 to June 6, 1933, as
provided by the company may be summarized as follows: Carbon
dloxide, 6.9 » 0,043 Illuminanta, 8.8 #®0.08; Oxygen, l.ld &
0.003 Carbon monoxide, 23.5 = 0,086; Hydrogen, 27.9 & 0.06;
Methano, 12,4+ 0.09; llitrogen, 1037 =0.l.

Heth of Proce )

A routine procedure in preoparing the apparatus for sube
Jooting the experimental animals to a gassing period was followed:
The apparatus was first flushed out thoroughly with alr, by
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allowing the apirometer bell to sink in position while the tubes
and aninal chamber were open. This was rcpeated several times.
Then the spirometer bell was adjusted to a helght reading 3,700
on the scale, and the tubes clampeds The animals were placed
in the chamber, the chamber closed, and 1lluminating gas {rom
a wall outlet forced into the apparatus through an outlet near
the blower. Enough gas was let in to causc the spirometer bell
to rise fr-m 3,700 to 4,000 on the scale. The tubes leading to
the aninal chamber were subsequently unclamped, and the motor
turning the bLlowor atarted. l'requont observations of the rats

voro made during the experimental period,

Detorminations llade on Ixperimental and Control inimals

Doterminations of the carbon monoxide content of the blood
of the rats was made Ly the Pyrotannic Acid method for the quane
titative deterrmination of carbon monoxide in blood and in air
(Sayers and Yant, 1925). This method is acourate but rougch.

With 1t, carbon monoxide homoglobin percentajges may be detormined
within fivo or ten per cent, aocording to the number of astandards
made. 7The determ!natlions were made under the following conditions:
(1) on tho emtrol rats kept in the room with the experimental
animals and with the gassing apparatus. (8) On the experimental
animnls twenty-four hours after the last period of gassing. (3)

On the experimontal animals lmmediately following the last per~
1od of gassing, and for various intervals thereafter. (4) On
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animals lxilled by illuminating gase.

Weipht records were kept of the rats, and hemoglobin de=
ternminatlions were made at intervals. <The hemoglobin determina-
tions were made according to the Improved liewsomer technic (New-
comer, 1019); the results are expressed in grams of hemoglobin
in 100 cubic centimeters of blood. LRed cell volumes were oObL=
talned by the Van Allen Hematocrit method (Van Allon, 1925).
Cell frasility was obtalned by the jiypotonic Sodium Chloride
Hemolysls method described by Lamb (1930).

Motllity of spermatozoa wvas determined by observing the
spernatozoa in a hanging drop of marmalian Ringer's solutlon,
to which had been added a very small amount of semen obtained
from the cut eopididggmis of the rat.

llormal testis welght of the rat under consideratlion was
detormined by the following formula, givon by Donaldson (1024)
for rats with a body welight greater than 80 grams: 2,810 log
body weipght - 4,520,

Tho oestrus cyocle of the female rats subjected to the ex-
porimental conditions, and of the control female rats was deter-
mined. Vaginal smears were obtained daily by means of the dry
smoar method used by Haterius (Yeager and laterius, 1930). ‘'the
amoars wvore identifled acocording to the classification of Long
and Evans (1922). ‘he longth of one cycle was takon to be the
number of days from the initiation of one cestrus perlod to the
initiation of the followlng ocatrus period. Oestrus porlods
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were recogniged by the presence of cornified cells in the smears
and the absence of other types of cells, The length of the cy-
cles found was statistically analyszed.

Serial sections were made of the ovary tlasues of the rats
whose oostrus cycles had been determined, The tissuwe was ocut
ten microns thick, and stained with Delafield's hematoxylin
and eosin. Comparison was nade of the siges of the Graaflan
follicles of the females subjected to the experimental procedure
wlth those of tho control females, in five rats killed while in

tho costrus perlod,
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RESULILS

The results of the matings of the control and experimental
animals are given on the pages accompanying the graphs of the
rospective animals. 7The data glvon include the date the litter
was borng the date of the death of the last of the young, if
death occurred before weaning age, or if the young were weaned,
thoir survival 1s noted. ‘The data include the size of the lit-
tor, and whon the experimental rat under consideration is a fe-
male, any corments vwhich many have becn recorded concerning the
apparent conditlion of health of the litter, and the care givon
the littoer by tho mothor. The oxperimontal procedure to whilch
to parent under conalderation was subjoctod may be determined
by examining the accompanying graph; that for the other parent
of tho litter 1s roocorded,

lany of the litters born are rocorded twice, tho hemoglobln,
wolsht, and passing timo records having becon kept for both par-
onts, In other cases, healthy rats from the stock, which had
alroady reproduced, und, if they were forialos, had successfully
ralged litters, were manted with ihe experimental animals. Such
animals have been designated as "normal" or "stoclk," in contra-
distinctlion to tho littor-mate control animals about which more
informatlion has been acquired.

It will be noted that all rats numbered with even numbers
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are litter-mate control animals, not subjected to the 1llumin-
ating gas-alr mixture, All experimental gassed animanls, are
nunbored with uneven numbers,

Certain of the rats were fed a milk dlet from lovember 5
(date of weaning) till llovenber 28, On the lattor date, the
rats were placed on an adequate dlet (that fed the exporimental
animals) and n period of gassing was begun, The purpose of
thias was to determine whether the henoglobina of anemic rats
fed an adequate diebt could be causod to rise at a more rapid
rato than thoae of their littor.male sontrols which had also
been made anomic, but which were not teins subjected daily to
the 1lluminating gasg-air mixture. !lo conclusions were drawm
from the resulto obtained, as pregnancles occurred anmong the fe-
males, confusing the 1ssue. (In regard to this oxperiment, cone
pare tho hemoslobins of male rats 3 and 5§ with that of male rat
2. Comparo the hemoglobin of female rat 3 with that of fenale
rat 2.)

At this time tho obsorvation was made that the experimental
treatmont the animals were recolving soomed to be a factor in
their ablllty to reproduce. As this scomed to be a question of
some Ilmportance, further study on .he guestion of hemoplobin rew
goneration was not made, but instead investigation of the offect
of tho experimental procedure on reproduction was begune.

All rats subsequently studied, were of course, fed an ade-

quate dlet. DMNovertheless, the records of those rats, which in



additlion to being gassed were made anemic and allowed to recover,
and their controls, have been included as bveing significant in
a study of reproduction. All such cases are separately indicated.



Figure 2, Female rats: Contsiol rats on the left; experimental
rats on the right., Experimental period 154 days.

Mgure 3. lNale rats: Control rat on tho right; experimental
rat (¢7) on the left. lxperimental perlod 153 days.



Figure 2,

Figure 3.

a1lre
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Case Hlstories

Group l. Control Femnle Rats.



Figure 4.

Female rat 2 was fed a milk diet from lovember 5 till llo=-
vember 28,

The following litters were borne by this female:

Littor sigse Condition of male
Birth Death

1-31-33 Soon 8 111k diet Nov, 5-28; not gassed (<2)
3= 7-33 3=-10-33 12 Milk diet Nov. 5-28; not gassed (<2)

Formnle rat 4 bore tho following litters:
Litter sige Condition of mnle

Dirth Death
C= G=33 (= 0=33 6 Not pamaed (<4)
7-10-33 Survived 7 Not gassed (J6)

The young born June 6 were nover cared for.
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Figure S.
Female rat 6 was placed with e normal male rat from July 9
to July 13. On July 9 the female was in the di-oestrus interval.
The following litter was born:

Litter silge Conditlion of nmale
Birth Death

Be 34 8- (=34 7 Normal
S8ix of the young wero dead vhen first obaerved., Thoy were

normal in sige.
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Group 2. Gassed Female Rats.
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Figure 6.
Female rat 1 has the following record:

Litter slze Condition of male
3irth Death

le 5=33 1« 7=33
B=24=33 I=24-33
4-29-33 5~ 2«33
C= 5=33 6= 08-33
T=25-33 Soon

Gassed (cl)

llot gassed (c6)
ilot gassed (<6)

w3 O 3

#0f those, b wore born dead, four belng Iin birth
sacs when geen, 7The femalo had beon having a
bloody diacharge sinoce ilarch 21.
The henoglobin of this rut was 12.7 grara on July 18,
The welght of the rat ranged from 242 gm. to 334 ¢m, bo=-

tweon lloy 156 and July 18.

Female rot 3 was lzopt on a milk dlet from lovembher 5 to
ilovomber 28,
Tho rat bore the following litters:

Litter size Condition of male
Birth Death

2-13-33 2-14=33 3 M11lc dlet; not passed (d2)
B=l3=33 I-26=33 6 141k dlet; not gassed (¢2)

The femnle did not seem to be aware of the first litter

born, and gave it no care.

Milk dlet Nov, 5-28; not gamssed (¢
11k diet Hov, 5-28; not zassed (
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Figure 7.
Female rat 5 has the following record:

Litter aigze Condition of male
Birth Death

5=30=33 G~ 2-33 7 Hormal
T=12-33 7T=12-33 2t llornal

Tho female Rllled three youns of the firast litter, and did
not care for the others, The two young of the soccond litter
that wore secn had been Iilled by the mother,

Aa far as ocould bo jJjudged Ly gross examinution, the fomale

appeared normal when killed July 20.

Female rat 7 bore one litter:

Litter size Condltion of male
Birth Death

6« 3«33 1 survived: 10 llormal
#8 dend June 4, and 1 deal June 203 survivor killed Juneo 27.
Subsequent history of surviving young:

June 8 Each wel, s b grams

June 13 Fach welgs 7 grams

June 14 Caudal necrogls obgerved in each

June 15,16 Iyos open”

June 18 Vielghts 9 and 11l grams, respectively

June 20 Smaller of two dles; severe caudal neorosis
June 23 Vielght of surviving rat 20 grams

June 27 vielgcht of gurviving rat 24 raus

Rat killed: normnl appeoaring, except
for almost total absence of tall,
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Figuro 8.
Poemale rat 9 bore one litter:

Litter sigze Condition of male
Birth Death

6= 3=33 6~ 5«33 8 Normal
The young were of an abnormal, yellow color, and were not

cared for by the mothor.

Female rat 1l boro one litter:

Litter sige Condltion of male
Birth Death

G~ 3233 6= 6=33 (3] Hormal
The young appeared to be normal at birth, and were seon

nursing.
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Figure 9.

Three normal males were placed with fomale rat 13 on ilay 5,
ay 30, and June 5, respectively.

One litter was born:

Litter olge Condition of male
Birth Death

0=~22=33 6«23-33 1 lformal

The youn;; was small, yollow, abnormel looking,

Te fomale wms placed agaln with a normal nale, und found
to be pregnant when killed July 20. tline foeti were found in
tho uterus. 4 bloody dlascharge in the vagina indicated the rat
to bo in about tho l4th day of gestetion,
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Figure 10.

Fomale rat 156 was placed with a normal male {from July 9
t11l July 13. The rat was in a post-oestrus stage of the re-
productive cyle whon placed with the male,

No litter was produced.

Pemale rat 17 was placed with a normal male July 9-13.
The rat was in the pro-oeatrus stage of tho reproductive cyocle
vhon placed with the male,
Ho litter was produced,
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Group 3. Control Hale Rats.
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Figure 11,

Jale rat 2 was kept on a milk dlet from llovember § to
llovember 28.

The following litters were produced:
Birth Death ILitter sige Conditlonof female
1-31-33 Soon M11k diet ilov. 5-28; not gassed (¢2)
2=l3-33 2=14-33 Gassed (©3)
3w 7=33 3=11-33 11k dlet lov. 5-28; not gnssod (°2)
BuB3=33 3=25«33 Gassed (93)

3=24=33 3-24-33 Gasgsed Doc,. l-llarch 14 (°1)
4-20~33 6= 2-33 (assed ec. l-Narch 14 (°1)

pmmgam

iale rat 4 gave rise to the following litters:
Birth Death Litter size Condition of ferale

Gm G=33 (= 0=33 6 llot gassed (%4)
7= 0=33 Survived 6 lormal

The female from which this rat was removed on July 6 was
prognant on July 18, but record of the birth was not kept,
copulation
On autopsay, a alug and motile spermatogon were

obgorved.
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Figure 12,
lale rat 6 gave rise to the followlng litters:

Dirth Doath Litter sige Condition of female

O B33 G~ B=33 4% Gassed Dec. l-iarch 14 (¢1)
7-10-33 Survived 7 Not gassed (*4)
7=25=5 Soon ? Gassed Dec. l=liarch 14 (21)

llale rat 8 vwas kept with females, but never gave rise to

progeny. <Thore 1s no record of its evor having been placed with

normal fermlos,



Figure 12,

Hemodlolvn  araws ---g
§a33 ot grmms =7

a0

? |
5 i !
- X . - L) L] X .
wawll  Bpeiit Ty | - Jund Tyt

W RE L bibm B %

:BOJS “"“3“,‘!‘/‘“\'\\—‘
énoa o

v
{

i

!
... {800 oL
; “thoah‘n‘m,ayu\s;-- ,‘ | ,
s-i . ) A
R | - b ety —— — ‘:rl’..«....s;».».w_.....
l ’ ~ P ~
{ X i ’ - ’ A <
'I \‘ PPT TN ~
200, e ,‘.\..-'e L P
’
,l
L3 ¥
Junel E'-‘l

- ~
Wavehl Apwil |

i

. Tagl
1

T Mt g o Feba 9



- .

Figure 13.
lale rat 10 was placed with normal female rats NHovember
23-28 and December 18«23,
One litter resulted:
Birth Death Litter sige Conditlon of fomale
l=11-34 Survived Average NHormal

ilale rat 12 was placed with female rats Hovembor 23-28
and Necombor 18-23,

The following litters resulted:
Birth Death Litter slze Condition of female

12-18-33 Survived Avorage Hormal
1-13-34 Survived 12 Hormal

The rat was autopsied IPebruary 20. Ilictilo spermatozoa
were obgorved. Testis wolght was found to be 2,6 gri. Donaldson
(1924) gives 2.66 gm. to be normal testls weight for a rat of
thls slze.
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I'icurelsd.

Male rat 14 was placed with females lovember 23«28 and
Deconbor 18-23.

Onc litter rosulted:
Birth Doath Litter size Condition of fenale
1-13-34 Survived Average Hormal

At autopsy actively motlile spermatozoan wore observed.
Testis welght was found to dbe 2.2 gm., the normal for a rat of

thls welght beilng 2.6 gme

llale rat 16 was placed with normnl females oy 27-30. On
June 20 it was placed with a fomale in pro-ocestrus, and on June
23, wlth a second femule in pro-ocestrus, +ihease females wore ree
moved June 26,

Thoe following litters resulted:

Birth Death Litter slze Condition of fonmale
6=10-34 Survived 7 Hormal
7=17-34 6 asurvived 7 Normal

Motile spermatozoa wereo observed on autopsy. ‘lestis welght

vas 2.1 gm., the expected normal for this rat beling 2,96 gn,.
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Figure 15.
ilnle rat 138 was placed with normal females lMay 27«30 and
on June 20 and June 23, On the latter dates the ferales placed
with the male were in pro-ocestrus., ‘ihey were resoved June £5,
Tho following litters were produceds
Birth Death Litter slze Condition of femnle

7=14«34 Survived 9 llormal
T=165-34 Survived 9 Normal
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Group 4.
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Gassed lale Rats
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Figure 16G.

l{ale rat 1 was kept with formale rats during the most of
1ts 1life. Two prognanclies resulted during the early part of
the experiment, when the total gassing time to which the rat
had been subjected waa betweon three and {ive hours.

Recard of the littoera:
Birth Death Iitter asigze Condition of femanle
1= 5=33 1~ 7=33 7 Gassed (°1)

le 7233 l1=15-33 3 Hormal (the control rat of an
oarlier oxporimont)
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Fligure 17,

Hale rat 3 was foed a milk dlet from Hovembor 5 to November
28,

Though it was kept with a normal female (the control rat
of an earlior experiment) which bore young, it never gave rise
to progeny.

\then examined after death, one testis was found to be only

one-third normal aige,

Hale rat 6 was fed a milk dlet from lovember 5 to lovember
28,

It was kept with two female rats (2 and 93), both of which
reproducod, during its entire life, but it never gave rise to

younge.
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Figure 18.

lale rat 7 was placed with two normal female rats, cach
of which had produced litters, on Moy 15, A third female vas
placed in the cage on June 20, Ilone of these fomales gave rilse
to young.

Tho following wieght record of the females was kept, in an
offort to determine the possibllity of imprognation and sub-
sequont resorption taking place:

Date Vielght TWelght VWelght
grams grans grams

5=15=33 180 220
5=10-33 176 236
5-25-33 108 242
5-89=33 196 244
6= 3=33 196 246
6= B=33 104 250
6=13-33 108 240
6=18=33 202 252
6-83=33 210 252 210
6«28-=33 206 260 218
7= 3=33 208 252 228
7=10=33 220

‘The male rat constantly showed a priapisn,
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Figure 19,

Male rat 9 was kept with normal females that had ralsed
litters from May 27 t111 its death. None of thege females had
litters or were pregnant when killed.

The welghts of the females were recorded in an attempt to
ascertain if resorption were btaking place. The weipht record
1s glvent

Date VWielpht Welght ileight Welght
grams grams grams gramg

5=29-33 240%
B= 3-33 276
6= 8-33 270
B=13-33 270

6=18-33 278 184

6=23~33 204 194 192

6=28«33 204 206 198 238
T J=33 238 196 206 246
T=10=33 204 £00 214 254
7=13-33 2908 206 218 266
7=18-33 204 200 208 252

llale rat 11 was kept with two normal fomales which had
raised littors from llay 27 and June 3 respectively, till 1ts
death, lolther female bore young.
The following weight rocord of the fomales was obtalneds
Date Weight VWelght

grams grams
5=20=33 250

6= 3=33 260 212
C= 8=33 260 210
6=13-33 266 220
6=18-33 276 222
6=23=33 290 218
6-28=33 204 212
7= 3«33 280 214
7=10-33 286 216

7=13-33 234 218
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Figure 20.
Male rat 13 produced no offspring. It was placed with nore
mal females November 23-28, and December 18-23,

Male rat 15 did not reproduce, It was placed with nor-
mal females November 23-28, and December 18-23,

When it was killed, no motile spermatozoa were observed.
Testis weight was found to be 1.7 gm. as compared to the ex-
pected normal of 2,5 gm. for this rat,
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Figure 21.

Male rat 17 gave rise to no progenys It was pleced with mor-
mal fomales Novormber 23-28 and Leccomber 18«23

At death, no motile spermmtozoa wore Hunde Tostis welpght

was 0.8 gm., ag corpared to 2.3 gm., the oxpected normale

Kole rat 19 was placod with two normal fomalos from May
2?7 to lay 30. On June 20, 22, and 23 normal fomalos 1n proe-
ocestrus were placed in the cage with this male. Thoso females
woro removod Juno 265. lNone Loro litters.

The welght of the fomalos for a throo‘week poriod following
agnoclation with tho malo nre glvensg

Fomale placed with rmale Hme 20 June 22 June 23

Date Yolght Welght olcht
grang grang crans
8-20-34 180 210 188
0=206=34 186 214 190
G=30«34 184 208 190
T 4udd 188 208 196
Y= =34 190

Y QB4 212 198



Figure 21.

-t e o

15 “jf.mo ﬂ‘° b“"* ’.%_Y_@:_‘!&L::.z.___..

P S

mfﬁo&-, weight, g s

200

H

i
-
10|
100

!

-78-

Male vaf /]

e -
’ il
AT T - ——er b PN S-S S
P ~ ' : :
4 ~ . . i
’ . TR i
H . . . i
) N P e
’ S, N e
; -
—t L S
’ had O . -t :
- -
Bk WP g

.Pf.\'-'ld,uu‘hu'l,y., -
5. .

¥

Jan!

f;-'dr- i

va '(!!r;f .Stﬁt.;l, '53A

“'.’\uos‘nl'{n, SYA“‘-——

e

?

B eI

Mnc’ §

’
[ ;
1 o™ .
P AN
-
i .N
H ~
N -
! o
U
|
{
!
|
; .
: .
: i

CussiW3 P&Yo‘o( ; w-'h.u.f'u

1
i
1l
i
i
i
i

Y-
Tu.\t ‘

1%

MWale vat 11, bovn Taw. 1%, 3%



R 1 ST RO ST SO

Figure 28,

Hale rat 21 was pladed with two normal females Moy 27-30,
and with one normal female determined to be in pro-ocestrus,
Juno 20«25, No offspring resulted.

Tho weicht recoord of the female placed with the male June
20 18 as followsn!

Date Wlelght
grans
G=20=34 202
€=25-34 200
Gu30=34 208
Te 434 210
Te 9=34 208

then the rat wag lkilled June 268, no motlile spermatozoa
woreo obscrved, Tho testls wolshed 0,895 gme lormanl woight for
the tostis of thils rat would be 2,7 gm.

Male rat 23 was placed with two normal fonmales May 27«30,
On June 21, ons of those females was seen to be about to deliver
a litter. She was 1solated, and not observed for a few hours,
llone of the litter was ever seon, dut the welsht of the famale
dropped 20 prams over-nicht,

On June 20«25, the malo rat was with a normal female lmown
to be in pro=ocestrus, No litter resulted,

The woight rocord of tho female is glvent

Date Welght
gransg
0=20-34 280 !
G=25-34 218
B=30=34 200
7= 4=34 216
Te Q=34 202

Yihen the male rat was killed June 26, a few (two) very
8lightly motile spermatogca were observed. Testis wolght was
gouna to o 0,708 gms HNomal expected welght for this rat is

«5 e
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Formation of Carbon Monoxide lemoglobin

Between ilarch 16 and June 2, 1933, and again in June 1934,
a number of determinations were made of the percentage of carbon
monoxide homoglobin in the rats kept in the laboratory, and in
the experimental animals under different conditions, The Cayers
and Yant Pyrotannic Acid method used is acourate within ten per
cent. 'the results obtailned are ;iven in the followlng tadle:

Table 1, Carbon monoxide hemoglobin determinations,

T 1i0. Of tfPer cent ocarbon rione

Condition of rat : rats : oxide herorlobin
Hevoer gassed: stock and control 11 0-5
24 hours aftoer gassing 11 0=5
3 5-10
21 hours after gassing b 20-30
8 hours ofter gassing 2 10-20
1 hour aftor gassing 3 10-20
45 minutes after gassing 1 0-10
3 20-30
30 minutes after gassing 1 20=30
8«10 nminutos after gaasing 2 40«50
S=5 minutos after gasaing 2 50-00
1 minute after gassing 15 60=70
K1lled by 1lluminating gas g 70-80
80-90

It may be noted here that oonsiderable difficulty was ox-
porienced in obtalning blood from the tall of the rat immedianteo-
1y following a geasing period. This impairment in the clrocue-
latlion caugsed by 1lluminating gas poison is in accordance with
an obgervation of Hott (1907).



Figure 23.
The dissoclation curve of carbon monoxide hemoglobin

in rats given is estimated from the points located.
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Homoprlobin Determinations

The hemoglobins ~f the aninals subjected tothe 1lluminate
ing gasw-alr mixture are definitely higher than those of their
litter-mate controls., Among the control males, tho highest
value recorded 1is a hemoglodbin of 17.8 grams. Six of tho gassed
malea (50 por cent) had et one time in their 1ifeo, a homoglodin
excoedin: 18 grams, and the peak roached among these anlimals
vas a value of 21 grams (exceptlns the value of 83.2 prans exe~
cluded bocause of poaslible change in the animanl body after
death).

The highest hemoglobin found in s control fomale animal
was 15.8 grama. Four of the nine females reportod had a homoe
globin that was greator than ]i?l %;:;n;a ;;g 121;0 oti.‘inlg t’in their 1life.
The highegt hemoglobin recordede~22.8 grems--was found in female
rat 17. As nay be ohsgerved from the charts of femanlo rats 16
and 17, an increoamse in the fasaing poriods to two hours dally
i1s followed by an inoreased homoglobin value,

As another means of corparing the hemoglobing of the gnsaed
rats with those of tho control rats,ad with tho acocopted nore
mal (Villlamason and Fts, 1926), the charts of all of the rats
upon which homoglobin determinations wore made after the fifth
month of life were oxamined; and from them was interpolated the
hemoglobin value of oach of these rats on the one hundred and
fiftlioth day of life. Those rats whose exmct age was not known
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were included in the group examined, because the error in the
assignment of the birth date to these rats is probably less than
twenty @nys, and the value of 15,561 » 0,25 grams of hemoglobin
i1s glven by Viilliamgon end Ets as the normal for rats from 140
to 159 days old., Only rats which had been gassed an appreciable
length of time were included in the group of gassed rats.

Table 8« Hemoglobins of rats aged 150 days,

1 igt 1 Nemoplobin, rrans

Control Qe 4 13.0
¢ 6 12,0
¢ 4 15.2
s 6 14,0
¢ 10 14,8
J 18 14.6
v 14 15.8
é %g 15.3
d

Average %ag':%' » 0.07

Experimental 2 b 13,8
"I 4 16.2
13 18,8
< 7 13'8
4 18 16,2
d 16 18.4
d 17 14.8

S 23 7
M *
The mean dlflorence, 2.665 » 0.404 18 highly significant,

The records of female rats 16 end 17, whichwere gaassed
from October 2, 1933 till the end of July 1934 do not indicate
any marked tendenoy toward a decline in hemoglobin value as
the longth of the experimental period increases,
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Cell-plasma Rotio

In this tcbulation are included six determinations made
upon five femnle rats used in an earlier experiment to deters
mine the influence of the grasing procedure upon the rate of
regencratlion of hemoglobin. One of thease rats had tho higheat
homoglobin of any rat in any group astudied. Poasibly the atim=-
ulus for the regeneration of homoglobin caused by the poriod
of matritlionel anemia, coupled with that caused by the daily
formation of carbon monoxide hemoglobin rosulted in the oxe
traordinarily high hemoglobin values obtained on thias rat.

Table 3. lemoglobin and cell plasma ratios.

_at : Hemo;:lobin, prama ¢  Coll/Fipsma
¢ 2 10.36 54
i 2 12.55 59
e a 13.30 58
? 6 1333 RO
2 HNot gaosed.it 13.47 a7
¢ 2 14.03 56
¢ b 14.70 52
¢ 2 15.4 66
? o 16.23 68
d 2 17.14 59
Rats not gassed avorage 14,068 58.5
d 3 10.04 54
¢ 8 10.53 66
¢ 3 12.17 48
d 1 13.47 54
e 2 13.47 é3
¢ 18 14.03 63
e 1 15.08 63
¢ 17 15.43 656

Hats gaassed averare 13,028 68
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Table 3. Continued.

Rat :_llembzioblin $ C

d 3 16,01 61
d 1 18,04 63
? Gaspedst 18,04 8l
? Cagseds 18,64 85
? 0 24.10 84
2 L £25.85 76
]

Ra % E%ggg %verge ;959; 78
er 1ntes to rfcemales 6, 15, and 17.

Hflot gasaed; milk dlet Cdotober 8 to liovember §
Hot gassed; milic dlet Octobor 8«25

llot gasged; adequato dlet always

Gansed; milk diet October 8-286

Gassed; mllk dlet Octolber 8«28

w

#0310 40 10 W0
oLoOOp

Dete tion o 11 of the Erythrocytes

Frasility of the red blood cells was determined on a fow
aninals which had been kept on a.n experiment for a very long
period of time (from September 1933 to August 1934). Cortain
of those animals had boen splonectomized July 1933, but as the
aploncotomy por se does not soem Yo have affectod the coll
fragility, the records of these rats are included with thosge
of tholir litter-mato controla, some of w ich were gnased, and

gsome of which were not gassed,
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Table 4. Fragility test.

tConcentration of NaCl solutions

H] caus hemolysis
Conditlion of animal 2 Harke g gtinc
NHot gassed 0.0028 0.0040
llot gassed; splenectomlged 0.0028 0.0032
Not gassed 00,0028 0,00
Average 0.0028 Eﬁﬁﬁ%%
Gassed 0.0028 0.0040
Gagsed 0.,0028 0.0040
Gasged 0.0028 0,0040
Gassed; gplenectomized 0.0028 0.,0040
CGaased; splenectomized 0.0028 0.0040
Gasgsed 0.0028 04 003¢€
Avorare 0,00 0400393

In this small group of anima;a there seems tobo a tene
dency for the gassed animals to show an increased fragllity of
the red blood cells.

Wolphts of the Experiment d Control Hats

A comparison was made botween the wolghts of tho gassed
and the control anirmals of the same sex on the fiftloth, ono
hundroedth, and one hundred and fiftieth days of life. In this
way the animals were divided according to experimental btroate
ment, sex, and age into twelve groups. The data wore too moager
to admlit of reliable statliastical analysis in ovory case, but in
cortain groups significant differences were found, Comparison
is also made wlith rats of the same age and sex of the ‘/istar
experimental colony straln, ss tabulated by Groenman and Duhring
(1931).
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On the fiftleth day, the average weight of the gassed
fenales was 90 grams. The average welght of two control fe=-
males at this age was 85 grams, but the number of cases is so
small that no valid comparison can be made., The average welght
of fomnles of this age of the Wistar experimental colony is
110,6 grams.

At the age of 100 days the average welpght of the gassed
femnles was 156.7 grams. Again the average weight of the two
control fenales was loss, being 141.3 grams. Ho explanation,
excopt that of the lack of sufflolent data, can be offorod to
explain thios situation, as the control females herc beins come
pared ageinst their litter mates were choson by chance, and were
not tho amallest females in their respective littera., Viiatar
exporimental colony rats wolght 181.4 grams at this ege.

thon 150 days old, the gussed fomale ratas weighed an average
of 178,9 gramns, 9.85 grams less than the three ferales which
wore not gassed, This difforence is highly signifisent, and ine
dicates ono of tho rosults of tho gassing procedure on the rats.
The VWilatar rats average 193 grams in welght at this agoe.

That tho subjeoction to tho air-illuninating gas mixturo
af'fcots the male rat more aserlously than it does the femalo
rat 1s indlcated by the fact that in evory age group analyzed
the control rats weigh more than the gassed rats, tho differe
oences in weight belng in every case, hi hly significant.

In the rats 50 days old, the control male rats weighed



00
125 grams, and the gassed male rats 109 grams. The weipht
given by Greemman and Duhring for normal males of this age is
123.8 grams,

The control male rats 100 days old weighed 271,67 grams,
56,67 groams more than the gnrased rats. The difference between
control and experimental rats was greatcr at this age than at
either of the other ages studied. The number of individuals
from which the statistics for this group were compiled was
largor than those of any of the other groups studied., The
Wiatar experimental colony male rats of this age are reported
a3 welghing 235,7 grams.

At 150 days of age, the control male rats weihed 275
grama, and the gassed ratas, 251 grams. The rats reported by
Groomman and Duhring weighed at this age an average of 275 grams.

Tho avorages obtained are tabulated:

Table 6. Welghta of ratse.

3 Yemgle 3 Hale
g : :oan dif-: 3 iloon dlf=
Days: Control 3 Gassed 38 ference 3 Control : Gassed: forence
50 85 21,6 90 »0,.6 5.0 a2.4 125,0+1,8 109%1,0 16%2,5

100 141.342,2 165.740,8 14.4 #2,3 271,742,4 21541,.3 6742,7
Q180,08 78 8 8 275,021,8 851al,7 24wl
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Iitter Histories

The data on roproduction may be sumariged as follows:

Case 1in which bobth paront rats were subjected to 1llumine
ating gas: A litter of seven was born to litter-mate parents,

both of which had boen gassed only over a period of one month,
a total gassing period of only about three hours for each pare
ent at the time of coltion, The youn: survived tvo days.

Cagses in which the male rat only vms ganssed: The gassed
nale which imprognated the gessed female aa recorded above, at
about the same time impregnated a non-gassed, control female
rat. A litter of three was born, the young surviving eight
dayso.

A nale which had been gassod for two months (a total of
23 gassing hours) impregnated a normal female, ‘Ghe fomale was
obgerved to bo about to doliver a litter, but no young were over
soen,

S1x of the gessed malos were kept constantly with normal
femnles, which had ralsed young. IExcepting the litters of
sevoen and three noted above, which were born early in the ex-
perimental period, these rata gave rise to no younge. 7The other
8ix gassed males were placed for gevoral days with normal fee
malea, at two different times, Irom these matinga, only one
prognancy, thet desoribed zbove, was Iknown to result. In no

cagse did a gaessed male rat give rise to progeny which survived,
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Matings of the conbtrol, non-zassed, male rats: During

this time the nine control male rats gave rise to t wenty litters,
0f these litters, the young of nine litters did not survive to
weaning age, but in six of these cases, the female was a gassed
rat., T[lve stock males in the laboratory, mated at times with
the gassed females, were also mated with normal females, and
during this time gave rise to 18 litters, only two of which did
not survive.

Cages 1In which the female rot only was gassed: Two gansed
female rats placed with normal moles for four days (July 013,

1934) d1d not bear litters. (Tho control rat bore a litter
Lugust 5,)

Cevon of tho gassod fomale rats wore kopt with normal
male rats all the time that they were neither pregnant nor
lactating. As the litters, with ono exception, did not survive
ovor three days, it 1s concolivable that during a period of throe
months, each rat might havoe produced three litters, twlce as
many litters as werc actually produced.

The history of these litters 1s tabulated:
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Table 6. History of litters borne by gassed females.

: : Humber alive abt end of  3Age (aays) of
Mother 3Litter sisze :2 hours :24 hours $ 48 hours :last survivor
¢ 1 6 o} (o} 0 0
¢ 1 4 3 3 l 3
¢ 1 4 3 1l l 2
¢ 1 ? Mo data recorded; litter did not survive.
¢ 3 3 3 0 ¢ 1l
¢ 3 5 65 2 o 2
2 8 7 4 i (o} 2
e 5 29 0 0 0 0
e % 10 10 8 2 24
9 8 8 1 0 2
?11 6 6 2 e 3
915 1 1l (o} o 1l

ne surv v ng ra ed at weaning ago; 1ta

laat surviving litter mate dled at 17 dayse.

Cases in which neither the male or the e rat
passed: Vory fow of the normal control males in the exporiment
werc mated with the normal control femalos. Thorefore, reoords
of littera produoed by the stock rats from April till July 1933
wereo liept for purposes of comparison, Ior the same reaaon, the
number of young in ocuch litter surviving to e woaned was re-
corded. (No attempt was mande to identify the mothor of one

1littor as having relsed previous litters.)
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Table 7. History of litters borne by control and stock rats,

Yother : lLitter sise : umbor surviving

e2 8 o}
e 12 o
4 6 (4]
4 7 7
26 7 0
Stook ¢ 4% 4
6 6

10 10

13 12

2] 9

10 10

13 12

13 12

(:33 o

6% 3

9 8

14 13

10 10

9 0

6 6

9 9

6 6

14 13

10 0

Hotllity of Sperm

In no case investiganted were normally motilo spermatogoa
found in a drop of semen obtalned from the epididymis of a
gassed rat, Only once was even slight motl1lity observed, This
was in male 23 which had recently imprognated a femnle. This
rat was gassed twenty-three hours over a period of two and ons-
half months, evidently an insufficlent amount to render it im-
potent,

Exceodingly great motility was exhibited by the spermatogoa
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of the control rats in every individual examined.

Testis lieight

Tostis weight was markedly below normal in the gassed
nales. Uelow is tabulated a comparison between the tesatis
woizsht actually found, and that expected, for both experimental

and control animals:

Table 8. Teatls weight,

t0bserved ! rxpeoted
l.pxems 3 groams

Control
c 12 2.6 2.66
< 14 2.2 2.6
¢ 16 2.1 2.96
Experimontal
d 156 1.7 2.6
¢ 17 0.8 2.3
g 21 0.896 2.7
Q83 0,708 2.5

Determinations of the Oestrus Cycle

In the firat groups of rats in whom the reproductive cycles
was studled were alx alblno vhite rata, three gray rats, and
three pied rats (rats A to L inclusive). These rats were born
about October 18, 1932, and determinations of thelr oestrus
cycles wore made from January 21, 1933 t1ll April 3, The length
of tho cycle of all of the rats under the usual laboratory cone-
ditiona, was determlined from January 21 till February l4. One
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white rat, one gray rat, and one pied rat were sot aside to
serve as controls, and the other nine rats were gassed, be-
yvimning February 14. The length of the cycles of these ratsa
dﬁring the perlod of subjection to the air-illuminating gas
nixture from February 14 till April 3 was determlned,

Following the conclusion of the work on these rats, a
second group of rats (rnta.m to Z, inclusive) was chosen, and
a sinilar cexperiment besun. [Fourteen rats of the Ames-Vistar
strain were chosen for this, and their normal cycle lengths
determined. Unfortunately most of these rats were killed by
acoldent so early in the experimental period that but fow sube
sequent cycle lengths were dotermineod.

(It has boen obaerved throuzhout the course of all the ex-
periments conducted on the effecta of sublethal porcentares of
11luninating gas upon rats that during the hot months of the
swmer 1t 1s extremely difflcult not to kill the rats by
accident during the exporimontal procedure,)

One case of pscudopregnancy was accidentally induced (the
eleventh cycle in rat D). 'fhis cycle was omitted from tho cal-
culations. Oestrus cycles w''ch included tho day the gassing
period was initiated werc olassed with the coycles of the con-
trol perlod., The cycles are graphically represented in Fipures
24 to 26, inclusive.

The control perlod of the first group studlied ghowod the
rats to have a mean cycle longth of 4,74 =» 0,144 days. During
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the experimental period, the cycle length inorcased to 5,56 *
0.2 days. The value of the mean difference, 0.82 » 0.24 days
indicatesa that the increase is signifiocant, but not highly so,
since the meoan difference 1s less than four times its probable
orror,

The control poriod of the rats of the second group studied
indicated that the average cycle of this group was of tho same
length as that of the first group: 4,78 » 0.1 days. During the
exporimental period the menn cycle length of these rats was
5.0 » 0.34 days. Tho mean diffeoronce in this case was 1,12 =»
0.34 ‘ays. 4Again, the results arc significant, dbut not highly
80,

Tho total duration of the experimental period to which
these rats were subjeoted was not long, and it 1s possiblc that
a more oxtensive experimental treatment would have incoreased
thoe signiflicance of the deoterminationa. 'The rats in tho first
group wore gassed for seven vieoks. Vith the exception of rat 1,
which was gassed for elght weeks, no rat in the socond group

was gassoed for more than four weeks,

Microscopic Study of the Ovary

Flve of the rats whose reproductive cycles had been deter-
mined were killed on the day of oestrus., Serinl sections were
made of the ovaries of each of these rats, and wero examined
in an attempt to determine 1f any appreciable anatomical change
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Figures 24, 25, 26.

Each point located indicatea tho length of one oestrus
cycle. All cycles found on and to the right of the broken line
woere cycles detormined after the initilation of the experimental
perlod.

The eleventh cycle in rat D was prolonged due to a cone
dition of pseudopregsnancy induced by the exporimental procedure.
Hone of the other prolonged cycles may be attributed to that

condition,.
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Figure 24,
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Figure 26,
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had talken place in the ovarles of the rats with the longer
eycles induced by the experimental procedure. Sorial sections
wore nadc of the ovarles of elght other experimontal and con-
trol rats, but as these rats woerec in varying perliods of the re-
productive cycle when killed, comparison of amount or nature
of the follecular tiassues present in these ovaries canno® be
nade.

All of the (roaflan follicles in the central six slides
of each of the five scries of ovary slides were measured, to
discovor if any difforence in sigze existed which might be
attributed to the effects of the experimental procedure. The
following data were obtalned:

Table 9+ Measuroments of Graafian folllcles containing ova
with nuclei found in central alx slides of tho rats
¥1lled in ocestrus.

413 5515412 15585418 2O5=304113 355=0600)

a ca.236 8 40 £0 15 6
)4 96 10 69 35 16 14
b3 00,236 12 62 7 4 6
c 08,236 10 46 20 8 6
o 37 15 9 g

ats 0 and T were not gassed,
The sections photomiorographed, Figure 27, show the ovaries
of the gassed rats to contain more blood than the ovaries of
the control rats. Thls seemed to be true throughout the series
of thirteen ovarlies examinod., A difference in tho size of the

ovary also may be noted.



Figure 27.

Sections through the center of ovarles of control rats
G and P and experimental rats E and H.

Magnificetion X25,.
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- ' DISCUSSION

Concern Dlood Deternination

.Tho Pyrotannic icid method of Oayers and Yant for deter-
mination of carbon monoxide in blood and ailr was used, By thila
method tho saturation of carbon monoxide in the blood of the
rats killed with 1lluminating gas was about 80 per cent in every
case, This indicates that death ocourred with a :reater degroce
of gaturation of the blood with carbon monoxide than lionderson
and laggard (1922) found in dogs killed by 1lluminating gas.
These authors base thoir conclusion that 1lluminating gas is
riore toxic than pure carbon monoxide on two facts: first, that
pure carbon monoxide in air caugsed death when the animal had a
porcentage saturation of carbon monoxide hemoglobin of 843 and
socond, that 1lluminating gus in air caused death when the per-
centage saturation of carbon monoxide in the blood was only 782.
Tho rosults obtained on the Amese~Vlastar rats indlicato that either
the 1lluminating gas used in the oxperimonts reported contalna
a lesaor percentage of toxlc constituents in proportion to the
oarbon monoxide content than did that used by Henderson and
Haggard, or that these other toxic conatituents are less toxic
for ruts than for dogs, The data does not indicate that the

tissues and organs of the rat can swrvive under a greater degree
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of anoxia than can the tissues of the dog, because of the re=-
sults obtalned by Honderson and Haggard using pure carbon nonw
oxide as the a&sphyxiating agent,

The rate of dissociation of the carbon monoxide hemoglobin
following a gassing period may be seen from the graph (Figure 23)
to be vory rapid during the first ten minutes, and quite slow
after el hty minutes, 7The curve obtained from the determinations
on rats is not as straight as that glven by Stadle and Martin
(1925), based on data obtained from dogs allowed to recover in
air from a severe degree of cardon monoxide poisoning. In the
rats reported the reocovery period is more raepid than that of
the dogs. This i3 to be expeoctod,because of the differences in
tho affinity of tho hemoglobing of the two animals for carbon
monoxide, MNicloux (1920) atates that the ratio between the
affinlty of the hemoglobin of dog blood for cardbon monoxide and
for oxygen 1s 320 to onc. Anson et £1.(1924) find that the
hemoglobin of the rat has an affinity for carbon monoxide only
280 times its affinity for oxygen, at 150C. This affinity
18 leas at body temperature. In man, the rate of dlssociation
of carbon nmonoxide hemoglobin 1s found to be slower than that
of the rats hore roported., lHNemnlerson and Haggard (1022a) find
a flve to fifteen per cont reoduction of the carbon monoxide
hemoglobin percentage saturation in one hour, The affinity of
human hemoglobin for carbon monoxide is considered to be about

300 to one,.
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The oxperimental animals showed an inoreased hemoglobin.
This was accampanied dy an increased numbor of red blood cells,
as the inoreased cell volumo indicates. MNolXillin (1032), worle
ing in this laboratory, and with rats under the same conditions,
made total red blood cocll counts, and found that the gassed rats
had a greater number of red blood cells than did the control
animals, This increase in hemoglobin and in numbers of oryth-
rocytos undoubtedly is a response to the anoxic condition re-
peatedly induced by the experimental procedure, and is analogous
to that following reduced oxygen preossure., If the experimental
period is terminated, the rats lose the componsatory extra number
of red blood cells, together with the hemoglobin they contain,

a response which occurs vory shortly following the last gassing
procedure. Iqually fast 1a the rise in hemoglobin following an
incroase in tho length of the dally gassaing perlods.

Color volumo index may bo calculated from the data given
in Table 3. The data are divided into three groups: tho control
rats, and the gassod rats with homoglobin values below normal,
and the gossed rats with homoglobin values above normale Color
volumo index in man has a value of from 0,9 to 1.0, under nore
mal conditions (Lamb, 1930), 7The color volume index of the ten
control rats upon which therc are data is 0,776 =» 0,0287., That
of tho gassed rats with homogloblns below normal 1s 0,72 » 0,01563,.
That of the gassed rats with hemoglobins above normal 1s 0,88 =
0.0512.‘ in Increased color volume ratlo would indicate a larger
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amount of hemoglobin in each individual cell., Error in the
determination of the cell-plasma ratlio such that too large a
ratio of red cells waa obtained would lower the value of the
index, and the opposite error, which might occur with slight
loss of cells in the hematocrit tubes, would ralse the index
value, Either of these errors may be present, as the method
used for determining coell=-plasma volume is not absolutely re-
liable. The results obtalned with these groups of rats indi-
cate, in so far as the method can be relied upon, that there
is no sipgnificant difforence in the color volume indeces among
the groupsa, and that those rats posasessing the highor henoe
globins have no more hemoglobin per unit volume of erythroocytes
than do the oontrol and gnssed rata with lower homoglobinas,

Boodiker (1932) reported a slipht ;goreaao in fragility
of the erythrocytes of dogs which he suﬁjeotod to repeated doses
of pure carbon monoxide in air, Landsorp (1928) found that in
her oxperiments f3ive out of 8ix rats showed a definite increaso
in cell fragility. Moliillin (1932) observed no change. The
rats hero reported in which inoreased fragllity of the red cells
was found were animals which were subjected for an extromely
lonz interval to the gaasing procedure--from Septomber 1933 till
July 1934. Thelr controls were litter mates, so age is not a
factor. Tgkenouchi (1919) roports that age incroases rod cell
fraglility.



There 19 anple support for the bellef that the dnily sude
Joction to gublethsl cloges of 1lluminating as is nore sertious
for tho mnle rats than for the fenwlegs lerdits (1017) had
gtatisticnl cvidenco thotthilo was true for lumen belnss, and
webator (1030) reports that in law the femnle is fwljed ta have
survivod lonier than the nale, othor conxlitlons boin: egual,
whon both hnve heen 211lod Ly carbsn nonoxidoe Mmon: the reato,
in 211 the exporinoants thel have been performwd in thls leboroe
tory, 1t has always deen found Lo bo very Aifficult to loep
fron 2111lins the maele rats durin, the o-peorilmentul procodiurc,
Forirlos kept in the animnl chamber for threo hours have survived.
dalen faosol nso stronuously would bo found deed in tholr cages
lotor Sho pome day, 1f they survived the gassing porlod,

Ao wan showm, tho welshis of tho mnle anlnnls wero nore
nerledly deoreased than thogse of Lhe forinlos,e

Mo hirheat hemogslobin over reeorded in this lsbaratory
(85425 rana) mas found in a fornle rats he hilrhoot valuo re-
corded for a malo %o 21 pgramme This dlfferenco, »f couras, ray
Le correlated with the fact that tﬂyw fernlo rots ocan survivo,
arxl oongequontly are surjocted to, moroe prolonzed nssing periods,

o offect on the reproductive organas 1s ovidently nore
serious in the male than In the female, .ho fermlo rets nolne

taln o reproduetive oyele. L0y Lomr youn:, 2o long as four
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months after the inception of gassing, though not as readily as
the normal aniral. 'ith greater duration of the experimental
period, the females no longer cenbe impregnated. They lose
their young (one exception) within a few days after birth, But
the manles which have been subjected to the ailr-illuminating gas
mixture for a much shorter length of time than four nionths lose
their abllity to prooreate. One male impregnated a fenanle after
8ix weeks of being gassed dally. Every other male was affected
g0 severely that after a few hours (more than three) total gaasing
time, no male successfully impregnated a female,

L study of the weight charts of the normnl femalos kept
with gassed male rats doces not indicate that impregnation, ime
plantation, development of foeti, and subsequent resorption
todcplace. The fomales gained weight while with the males, but
with the oxcoptlion of one of the females with male rat 1ll, did
not gain welght steadlly for about fifteen days, and then lose
i1t, the weolight subsequontly romaining at the lower lovel. The
fact that the females were kopt constantly with tho meles pere
haps makos the evaluation of their welght changes less cortaln,

Concerning Testis Welpht

Mason (1926) studled testicular degeneration in albino rats
induced by inadequate dlets, Ho made a hilstological study of
the degenerating testes of his experimental rats, and found that

degoneratlion of cells occurred in reverse order to that of genesis.
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fie found the spermntomoa to disappear first, next the spermatids,
and later the spermatocytes and spermatogonia., HHe states that
thls progression of degenecratlon is that desoribed by all the
wworkers in this fleld, except those who have caused testicular
degeneration by means of x-raya.

Testis weicht is appreciably below normal (about 80 per
cent of normal) at the time when the spermatids are dogonerating,
and according to lason, at this time the testis foels "soft".
Hason found the testis in the flnal stage of degeneration to be
ecssentinlly the same as the oryptorchid testias: "All the germ
cells of the germinal epithelium of the tubules have dlsappeared,
snd all that remains is a syncytium of Sertoli-cell nuclol in a

groatly reduced layer of fibrous cytoplasm.™ Ile says further
that tho interstitial tissue 1s more prominont in this stege, btut
that this 1ls due to the groat deorease in slze of the tubules,
rather than to any hyportrophy of the tissuo itself, or any
hyperplasian of tho Interstitial cells. In the final stage of
dogonoration iason found the teustis to weiph from 43 to 58

per cent of the normale Three of tho testlis weights roported

in this study showed even greuster atrophy: weizhing only 28,

33, and 35 per cent of the normal, respootively. An extreme
degree of degoneratlion would appear to be indlcated,

In llason's animalo, the process of degenoration, once
inltliated, progroessed to the final stage in from thirty-five to
fifty days. IHistologleal study of testes twenty-five to seventy-
fivo days after return to a normal diet showed the second testils
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to be more degenerate than the first (which had been removed for
study bofore placing the animnls on the adequate diet). Lettuce
ndded to the dlet had no effect, if degoneration hed begun. How=
ever it was found that lottuce added to the deficiency diet used
by lMason was effective in preserving a normal condition of the
tubules,

Alocholization over long periods. produces testicular dew-
goneration in the rat (Bowin and Garnier, 19003 Allen, 1919),
This degeneration is considered tob e more probably the indirect
rosult of lowered vitality and other dbody dilsturbances, than the
result of a specliflic action of tho alcohol on tho germinal eple
thelium, It seems reasonable tobeclleve that in the rats sub-
Jected to 1lluminating gas, it ia the lowered vitality attendant
on the experimental tregtment which dbrings about the loas of
abllity to reproduce,

It 18 intereating to note that temporary loss of sexual
power in men poisoned by 1lluminating pas 1s reported by llcCombs
(1918), and that loas of 1libido in individual sufforing from
chronic carbon monoxide poiooning 1s reported by ltossiter (1928).

Concerning the Effect on the Oesatrus gxo;e
and on Ovarian Tisaue

‘The dally subjection to the alr-illuminating gas mixture
upset the normal body metabolism of the female rats tosuch an

extent that body welghts were below normal, after a certaln
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length of experimental interval had elapsed, and the animals
folt soft when picked up, indicating loss of muscle tone., The
hair of the experimental rats beoceme rouch and lacking in luster,
and the animals inoreasingly unkept, as the experiment proceded.

A further indicatlon of lack of well-being on the part of
the female rats was the signiflcant increase in the longth of
the oestrus cycles, Under optimm conditions the eycle length
may be as short as four days, and Long and Evans (1922) suggest
that possibly this ia the true normal length. Longer cycles in
the control rats may be caused by individual varlatlions among the
rats, and by the impossillity of maintaining the rats under
optimum conditions, Dut the significant increase in cycle
longth df the oxperimental animals over thelr own oycle lengths
during thoe control poriods, and over the cycle length of the
control animals ruat bo attributed to the gassing procedure,
There 18 no reason to believe that the effect 1s caused by any
speciflc toxlic action of carbon monoxide poisoning on tho re-
productive organs, but that it 1s rathor a response to the ime
paired vitality induced by tho exporimontal procedure.

Pseudopregnancy 1s a complicating factor when an attempt
is made to establish the mean of the cycles of a rat over a
period of time, The condition can be accldentdlyinduced by
the investigator while obtalning a amear from the vasina, If
the condlition 1is induced, and not recognized, it will alter
the findings epprecimbly. Slonaker (1929) found in the rats
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he studied the average length of pseudopregnancy to te 14.58
days, and the range to be from seven to nineteen days.

The fact that a cycle 1is long is no proof that the cause of
this increased lenjsth 1s due to the presence of the condition of
psoudopregnancy. Long cycles in which the interval betweon suc-
ceedln;; ocatrua perlods shows smears containing leucocytes and
epithellal cells only were considered to be conditlons of pseudo=-
pregnancye. vhen all parts of the cycle~-~the cornificd cell stage,
the cpitholial cell atage, the dloestrus interval--woro noro
prolongod than normuelly, but followed in the usual sequeonce, the
cycle was congldored to bo a prolonged cycle, and the cause was
not conaldered to be pseudoprognancy. FEdgar Allen (1923) re-
ported that mlce with a prolonged cycle containing a longor than
normal perlod of oestrus were more prolific than nlce with shorter
cycles. ‘thon a fow cornified cells were found in theo middle of
a long cyocle, theaso were conaldered to inilicate an abortive
attempt at oestrus. Such long cycles are not consldored to be
causod by psoundopreognancy. Ldgar Allen found both of these
types of cycles in his mlce. Anothor variation which may be found
1s a very prolonged perlod of constant oestrus,

The hiatological study of the ovarles of the experimental
and gassod rats ghowed no change that could be aseribed %o a
greateor cycle longth, <The number of Graafian follicles con-
talining ova cannot be used as an indication of the condition of

the rat, since tho number of ova found in an ovary at any glven
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time depends upon age (Arai, 1920). The rats studied were of
two aze pgroupse The Oraafian follicles in camparable varts of
the ovary were measured, but no difference in the proportion
of follicles falling in each sizo group was apparont.

If in each case the size of the ovurt be talten to be slightly
smallor than the size of the Graamfian follicle measured, a com=
parigon nay be nade between the data colloccted on the control
and experimental animals, with that repnorted by Aral (1920).

If this 1s done a considerable dlscrepancy will be found. Aral
found by far the largest number of ova to fall in hils smallest
slze group, and he found very few ova as large aa moost of the
ova in the Greaflan follicles which were measured. The ovaries
studled, and reported in this investipation wore from rats
ki1lled in oestrus, and consequently Lhe ovary tissuc was fixed
while in the atuge Just procedlin;;s ovulatlion, a time when it
would contain very large follicles. Aral doos not strate in what
condition of tho reproductive cycle the rats whoso ovariles he
examinecd wvere. In making a complete count of the ova found in
an ovary, Aral examlned a very large emount of periphorol tissue
in which the vory smallest ova are found. An examination of the
8ix central slldes of a sories of ovarian tissues would rosult
in & vory smull proportion of the tissue examined being peripheral.

As no obvious significant chango could be detected in the
ovarlos cxanined, no further investigution into this problem

was nade.



SUMMARY

1, Rats killed by 1lluminating gas were found to have 80
por cent oarbon monoxide hemoglobin,

2. Rats allowed to revcover in air after breathing for one
hour a l.43 per cent 1lluminating pgas-air mixturc lost 30 per
cent of the carbon monoxide hemoglobin in the first half hour,
10 por cent more carbon monoxide hemoglobin in the second half
hour, and five por cent more in the third half hour,

3« The hemoglobin and the red cell volume rose in response
to the dally breathing of 1.43 per cent illuminating gas.

4. Hats subjected to a long duration of dally periods of
broathing 1lluminating gas showed a slichtly increased fragility
of tho erythrocytes,

S. The gassed malo rats at 60, 100, end 150 days welgched
significantly less than the control rats. 'The fomales weiphed
significantly leas at 150 days.

6. Ime litter was born, of which both the parents had been
gasged for a vory short time, It did not survive,

7. Two litters were born, of which the manle varent was
gassed for a short time, llelther survived,

8. ''welve litters were born, of which tho female porent
only was gaased, for varying periods, up to four months, Vith
the oxception of one offspring, no young survived.
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9. Fenanle rats gnssed nine months did not bear younge.

10. Inabllity to prooreate in the male correlated with lack
of motllity of the spermatogoa and narked decreasse from the
normal in testis welight.

11. The length of the oestrus coycle in the garassed female
rats was increased, but the oycle was maintained throughout
the experimental perlod.

12, iiorogoopic examination of serlal sections of the ovary
tiasue revealed inoreased tlood supply. No interpretation of
the histology of tho ovary 1s made,
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COUCLUSIOUS

Subjoction of rats to dally period of sublethal percentapes
of 1lluninating gas iopairs roproductive ability.

This effect is nore marked in male rats, which, after a
cortain oxperimsntal perilod, are wable to procreate. it the
same time male rats exhiblt evidences of degoneration of germe
inal tissueo.

To induce serious effects in fomale rats a moro prolonged
oxporimental period 1s necessery. Farly in the experimental
poriod, the females beer young, but these do not survive, Feo=
malos gassed over a longer poriod do not bear young. The

ocatrua cycle is maintailned,
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