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Tle itravenous introduction of macromollar substancs of vary-
ing mlecular weights, sizes and shape (plasma, plasma albumin,
plasma globulin, hm , geatin, isingla, polyvinyl alcohol,
methyl ceose, gum arabc,pectin, vinyl p oidoii pol 1)
or of colloidal matial of different particle sizes (Evans blue, Congo
red, ulin, tai c ) a procedure used for therapeutic pur-
poses in shock, hemorrhage and septic infections as well as for diag-
nostic purposes in the d mnation of total plasma lume, amyloido-
sis and renal ftion. Disturbances of the macromolecular and col-
loidal sts of the p , polysccharides and lipids of the blood
are found immn reactios, myelomatosis, glycogetoraged ,

rosis, and diseases with LEm ractions.
Despite the obvious frequency of abnormalflu in the macro-

molecular, colloidal uilibum of the blood, no m investiga-
tios exist concerning the r6le which the size of the aggregtes
eLtiffng such reactions plays in the development and the type of the
phogial mnifestations produced in the blood and organs. The
present investigations were conducted in an attempt to fill this gap by
using a series of methyl whllulo6swich are identin cm
structure, but differ in the relative length of the dese in and
thus in mlecular sie

ExiPEimENALPROCEDURE

nmuch as detailed information on the properties
of l cellulose has been recorded in prvio p (Hue-
per,4 Hueper and Ichniowski, Hueper, Martin and Thmpson), it
may suffice here to point out that methyl celulose is the methyl ether
of ose. As a doil conoid, it forms a viscous soution, from
which it can be p tated by thea n of various which
forms a firm, white coagulum upon heating above 6S C.,ve
on coing. It is dised by pancrea at 40° C. with the development
of reducing suas.s When Itoduced into the blood, it forms an
msion h the blood plasma. Table I-presents the relafions which
exist as to grade of vis , m czlar weight and degree of polymeri-

* Red-d for pubicatiom, Aug 30, x943.
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zatiom berween the seven types of methrl-cellulose used this and

The data on the m lar weights, the degree of polymerization
and the grade of viscosity for the 2 per cent solution were supplied
by Dr. R. M. Upright, The Dow Chemical Company, from which the
varous methyl celluloses were obtained. The viscosity of the 0.25
per cent solution was detmi with the Hess' viscosimeter and
compared with water at I8.50 C.

lwe present studies were concerned mainly with six members of the
series of metyl liul, since methyl celulose of 400 cps. (centi-
poises) was employed in previ titi (injected as a 2 per
cent soluion in amouts of from 25 to 130 cc. into 7 dogs). The data

TAm I
Physkcemc Propertes of Medtyl Ceivoses

V'ncosity gmde Avage halecular Poerizatio
2% saL cp.* 025% saL HO wt deree

I5 I45 32,200 I69
25 I.55 36,400 191
50 I.8S 53400 281

I00 2.05 60,500 3I8
400 2.73 77,700 409
I500 3-95 118,200 622
4o0 6.oo 143,600 756

* Ceatiposs

obtained on those occasons, therefore, will be mentioned only briefly
for comparative purposes. Tle solutiois of the various methyl celu-
loses were prepared in I per cent sodium chloride solution and had a
viscosity of approximately i6 or 8 times that of normal plasma (methyl
cellulose, I5 CpS., 2.8 per Cent; M-C., 25 Cp., 24 per cent; m.c., 50 cps.,
2 per cent; mc., I00Cps., i.8 per cent; m.c., I500 cps., I per cent;
M-C., 4000 cps., 0.7 per cent). While methyl celluloses of I500 cpS.
and 4000 cps. gave a water-clear solution when dissolved at icebox
temperature, the solutions of the other methyl celuloses were more or
less turbid and had to be filtered through filter paper and Hyflo
Supercel* for the removal of coarser floccules. They rem d slighsty
turbid even after these proeures.

For the study of the more immediate hematic reactions, 40 cc. of
these solutions were injected intravenously into dogs. There were 2
or 3 dogs in each groUP. The observation time of these reactions was
24 hours. The prolonged t stared i ia y thereafter

* Hyflo Supercel is a Paation of pf omaceous earth, obtd from the
Dkalte Co, 120 Wall Stree, New York, N.Y.
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INTrRAVENOUS INJECTIONS OF -METHYL CEL.LULOSES

and consisted in the intravenous injection of methyl cellulose solution
5 days per week in rising amounts The daily dose was 40 cc. during
the first week, and was increased by IO cc. each week until 130 cc.
was reached for those dogs which survived logest. The average weight
of the i8 dogs used in these and previous experiments was 9.3 kg. and
the weight range was between 7 and 12 .kg. Tne obsevation
varied for the different dogs from i week to 6 months. Examitions
of the blood (hemoglobin, nu of erythrocytes and leukocytes,
coagulation tilme, sedimentaion rate, volume of packDedl spma
viscosity) were made at intervals of 2 weeks. Autopsies were per-
formed on all dogs.

A. HEMATIC REACTIONS AFTER THE INTRAVENOUS INJECTION OF A
SINGLE DOSE OF METHYL CELLULOSE SOLUTION

Examinations of the blood were made 5, 15, 30, 60, 120, 240 minUteS
and 24 hours after the injection, following the standard determinations.

a. Methyl Celulose, I5 cps. (Two Dogs)

Erythrocytes. During the first 120 miutes there occurred in both
dogs moderate to severe downward fluions of the number of
erythrocytes, amounting to from 1.5 to 3 millon cels. Thereafter the
number of erythrocytes beme statiary at a level slightl to mod-
erately below the original one.

Hemoglobin and Volume of Packed Cells. Variations in hemoglobin
and volume of pakedl cells ran parallel to those of the erytbrocytes.

Leukocytes. There was a moderate to severe leukopenia 5 to I5
minutes after the injection, followed by return to approximately the
original level within 2 hours.

Clotting Time. There were no significat deviations in clotting ti.
Sed~imentation Rate. There occurred a marked aceleration of the

eythrocytic sedimentation rate before 4 hours after the injection. This
was followed by a considerable decrease at the 24 hour test.
Pl Viscosity. The plasma viscosity was moderately increased

(o.s to O.I) beyond the normal range immediately after the injection,
and returned to normal at the 4 hour test.

b. Metkyl Celulose, 25 cps. (Two Dogs)
The hematic reactions followed dosely in pattern those seen in the

animals of the previous group, with the exception of the sedimentation
rate which was already markedly increased at the 5 minute test, and
remained high to the end of the observation period (24 hours).
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c. Metky Celulose, 50 cPs. (One Dog)

Erythrocytes. Follwing an icrease by 1.35 million at the 5 miute
level, the y t ained Laively td the

g vel du the 24 hour observation period.
Hemogobini and Packed Cell Volume. Ihe hemoglobin values, as

wel as the figMu obtain from hmatoit remained
beow the oigal level t e 24 hours, hiting ate
to drop p

Leukocytes. Transits lowest level at the
x5 minute test. The leuk icccrs ompetelyd d at
the 4 hour test.

lotting Time. No sificant hanges in dotting time were found.
Sedimentation Rate. S was dfiniely hastened at the

5 miute test, and was a ntua during the 24 hour

Plasma Viscosity. There was a marked icr in plasma viscosity
directly after injection (I.25). This reaction subsided somewhat dur-
ing the fi 4 hours, at the end of which the increase in viscosity had
dropped to 0.35; but thiwas followed by a renew1d increase after 24
hours by I.6 points (to 3.75) above the leVel (2.15).

d. Methyl CclUutose, Ioo CA*s. (Tkree Dogs)
Erythrocytes. With the excption of I dog which showed an initial

rise in the number of the ryre at the S minute test, amouLting
to 1.15 million, the e cyt rained atively s y durng
the first 2 hus ind de m atey in 2 dogs from then onL
Hemoglobin and Volume of Packed Cels. Tere was a definite

tendency to r v for both hlobi and volume of packed
cels with the pro of the test

Clotting Time. No deviation from the n range of dotting
time re note

Iinetatio Rate S ta of ertrctswas dfiey
accelerated at the S miutetst, and was accetadduring the further
course of the t. The sedimentatio rate thus d per-
siste}y high during the 24 hour osid

Plasma Vscosity. The plasma viscosity was moderately insed
immediately after the injection (o.6S to I.0 point) and remaied
elevated during the entire peiod.

e. Methyl Celuose, 400 cOs. (Three Dogs)

Erythrocytes. There was a mild reduction in erythrocytes durg
the first 4 hours, followed by a return to the original level at the 24
hour test
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INTRAVENOUS INJECTIONS OF METHYL CIULOSES 7

Hemoglobin and Volume of Packed Cells. The hemoglobin values
dropped from the 5 minute test on, and remained reduced during the
entire 24 hour period. Hematocrit values followed a smilar end.

Leukocytes. Transitory leukopenia lasted from 2 to 4 hours, and
was followed by leukocytosis at the 24 hour test

Clotting Time. There was a lengthening of the dotting time appear-
ing i5 minutes to 2 hours after the injection and persisting in 2 dogs
at the 24 hour test

Sedimentation Rate. Acceleration of erythrocytic sdimentation was
marked at the 5 minute test and persisted for more than 24 hours.

Plasma Viscosity. Plasma viscosity was markedly increased im-
mediately after injection and then showed a moderate drop, but re-
mained considerably above the original level duing the entire 24 hours.

f. Methyl CeUulose, i5oo cps. (Three Dogs)
Erythrocytes. Tere was no consistent or appreciable variation in

the number of red cels during the first I5 minutes. All dogs showed
during some time thereafter a moderate reduction in erythrocytes.
Hemoglobin and Volume of Packed Cells. Flucuations in hemo-

globin and volume of packed cells paralleled in general those in the
number of red cells.

Leukocytes. Transitory leukopenia lasted for 4 hours or more.
Clotting Time. There was a minor to moderate imcrease in the

clotting time during the first hour with a return to normal values
thereafter.

SdAimentation Rate. The hasteing of the erythrocytic sedimenta-
tion was pronounced at the 5 miute test and remaied high or even
increased during the remaider of the observation period.
Pl Viscosi. Increase in the plasmaic viscosity was mild and

did not persist for longer than 30 miutes.

g. Methyl CelUsdose, 4000 cps. (Three Dogs)

Eyhrocyte. Following a moderate brief reduction in erythrocytes
some tme during the first 45 miutes, the :number of red cells re-
tumed to approximately the orginal level for the remainder of the
24 hour period.
Hemoglobin and Volume of Packed Cells. The hemoglobin was

comparatively decreased, particularly during the latter part of the
experimental period. The hemaocrit values showed a similar move-
ment.

Leukocytes. Transitory leukopenia extended beyond the 4 hour test.
A moderate to marked leukocytosis was found in 2 dogs at the 24 hour
examination.
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clotting Time. No siint deviations in dotting time were ob-
served.
Sedim nt Rate. lbe crease in ery ocytic sedimentation was

moderate during the first 45 miutes and bme considerable and
E=SiSUt thereafter.

Plasma VLscosity. Tihe was a mild in the plasmatic vis-
cosity not surpassing the normal range, which persisted througbot the
experimn tal period.

The hem reactions observed in dogs following the intravenous
introduction of 40 cc. of solutions of the seven types of methyl celulose
pr d i normal saline solution and having the same viscos (8
times that of plasma) revealed the following pattem and discrepancies.
lbe number of erythrocytes in a a tendency to-
ward a mild to moderate decrease, paradarly ard the latter part
of the observation period. This movemenlt was displayed more con-
sisey d considerably by the amount of hmoobi and the volume
of paced clls, with the methyl ceuloses of higher molec-
ular w A leu i ctio was noted with all types of methyl
cellulose, but the leu i criss was least persistent with the methyl
celluloses of low emoleular t, whie lasig for more 4 hours
with those of highr molecuar weights, i cnnection with which the

was not ifrequently followed by a leukocytosis at the 24
hour tesL

Abnormalities in lotting time were found only with methyl celuloses
of 400 and o500 cps. ad with the former. The seimenta-
tion rate was sed with methyl celuloses of all types. However,
this a atin showed a delayed with the two low molec-
ular methyl lulo ared with the imeiat hastening foumd
with the oter types. It was noted, morever, that this response was
of lesser duatio with the l molular products, whereas it was of
hi r severity and g er duration with the moleclar sub-
stances. The plasma visci wasi in all instanes immedi-
ately after the injecti Tis increase was of relatively short duration
and low itensity with thet low molecular metlcel oses. It was
of higer itenity and long duration with the meium molecular sub-
stances and of low iteity and long duration with those of high
molecular weights, while no patholl incre resulted from the
injection of the methyl cellulose of highest moleclar weight.

B. HzATnc REACTIONS AFTEI TH INTRAvENOUS INJECTON oF
RzPEATED DOSES OF METHYL CELLULOSE SOLuTON

Blood tests were made at itervals of 2 weeks, unless severe changes
necesitated a me frequent control of the status of the blood.

742 ituipL



NrtAVENOUrS INJECTIONS OF THYL CELLULOSES

a. Methyl CellUdose, 15 cps. (Two Dogs)
One dog received within 2 weeks a total of 570 cc. of methyl cellu-

lose solution, while the second dog was injected within I8 days with
670 oc. Both dogs died.

Erythrocytes. T'here was a moderate decrease in the number of red
ces, ranging from i.I to I.8 milli below the original value.

Hemoglobin and Volume of Padced Cells. The decrease in hemogo-
bin and in volme of paced cels atively s that of the
erythrocyte to a minor degree.

Leukocytes. There were no pathologial flatins te number
of leukocyte. I

Clotting Time. No abnormal deviations in cldotting were noted.
Sedimentation Rate. There was a marked crease in the simenta-

tion rate.
Plasma Viscosity. Toward the end of the expermtal period the

plasma v was elevated by 50 to Ioo per cent above its normal
leve-

b. Methyl Cdllose, 25 C.S. (Two Dogs)
One dog received a total ofi8o cc. of methyl llulose slution with-

in 52 days, eas the sed dog was mjected with 130 cc. within Ii
days. Both dogs died.

Erythrocytes. lwne red cell dr by more than 66 per cent in the
dog survivig for 52 days (from 6 mion to I.65 millio).

in and Volume of Packed Cells. The reduction in the
amount of hemoglobi wasately equal to of the erythro-
cytes, while the decrease in the volume of the ed lls even sur-
passed the drop of the eryt e

Leukocytes. There was a t m ate ekoyOS followed
durig the latter part of the by a return to mal valu

Clotting Time. Noab in dotting i were noted.
Sedimentation Rate. i sne d te of the ehsy was

highly andiny aceleratede
Plasma Viscosity. The pasmav rose to a peak of 49, 4

weeks after the start and then gradually dropped b to 3.25, risig
again toward the end to 4.5.

c. Methyl Celulose, 5o cps. (Fow Dogs)
One dog was injected with 290 cC. of methyl cellulose solutio within

Io days, a second with 370 cc. within 12 days, a third with 1320 CC.
wihin 32 days, and a fourth with 2010 CC. withi 75 daYs. All dogs
died.

Erythrotes. In all dogs there was a progressve, andltimately
consderable, decrease in the number ofey . In the dog siur-
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viving 75 days the drop was from 6.21 million to 142 milion, following
a temporary partial recovery during a period in which the injections
were discontinued.

Hemoglobin and Volume of Packed Cells. The reduction in hemo-
globin was considerable and progressive and reached in the aforemen-
tioned dog a level of less thn5 gm per Ioo cc. of blood. The decrease
in the volume of packed cells was relatively more pronounced than the
decrease of red cells in those animals having a moderate anemia, while
it was compratively less definite in the dog with the severe anemia
after having passed previously through the first mentioned relation.

LeIkocytes. There was a moderate leukocytosis present during the
latter part of the exeimental period.

Clotting Time. There were no abnormalities in dotting time.
Sedimentation Rate. There was a very marked acceleration of the

simentation rate (75 to 79 mm., Wintrobe tube).
Plasma Viscosity. The plasm viscosity was considerably elevated,

varying in 3 dogs between 4.9 and 6.o, after having undergone during
the early part of the experiment a considerable increase followed during
the middle part by a decrease to slightly elevated levels when the in-
jections were discontinued and subsequently again by a marked eleva-
tion following the resumption of the treatment.

d. Methyl Celulose, ioo cps. (Three Dogs)
One dog received go cc. within 7 days, a second dog was injected

with 4645 cc. within go days, and a third dog with 5I90 cc. within 97
days. All died.

Erythrocytes. After 2 weeks of treatment there developed a rapidly
progressive and severe reduction in the number of red cells, causing
after 2 months a drop to one-third and one-fourth, in the respective sur-
viving animals, of the original number. When the treatment was then
discontinued, there followed a rapid rise in the number of erythrocytes,
which amounted to from 2 to 2.5 milion within 2 to 3 weeks. There
was, however, a very rapid drop in erythrocytes when the injections
were again given, reaching values of 24 and 1.35 milion, respectively,
before death.

Hemoglobin and Volume of Packed Cells. The hemoglobin followed
in general the fluctuations of the erythrocytes and sank ultimately be-
low 5 gmi per IOo cc. of blood. The volume of packed cells dropped
during the first half of the erythrocytic decrease, comparatively very
sharply surpassing the reduction of the red cells, while during the
latter part of the experiment the decrease in the volume of packed cells
was relatively smaller than that of the erythrocytes.
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INTRAVENOUS INJECTIONS OF METHYL CELLULOSES

Leukocytes. There were no significant deviations in the number of
leukocyte from the rmal range, except during the final days, when
a moderate leukocytosis existed.

Clotting Time. No abnormalities in dotting time were noted.
Sedimentation Rate. An early and marked acceleration of erythro-

cytic simentn persisted through the ttment-free period to the
end.

Plasma Visosity. The plasmatic viscosity was increased to slightly
above 6 during the major part of the experiment, except during the
treatment-free period, when the viscosity dropped to values between
2.5 and 3.5.

e. Methyl Celludose, 400 cps. (Seven Dogs)
One dog received 260 CC. of methyl cellulose solution within 6 days,

a second and a third animal were injected with Iio4o cc. within 12 and
13 days respectively, a fourth dog was injected with 2112 cc. withi 57
days, a fifth received 2930 cc. within 66 days, a slxth.3375 cc. within
83 days, and a seventh 5720 cc. within 6 months. The first 3 dogs died,
while the other 4 were killed. The seventh animal was sacrificed 2
months after the last injection, while the others were sacificed not later
than a few days after the last temt.

Erythrocytes. There occurred a gradual decrease in the number of
erythrocytes, which reached, however, severe degrees only in those ani-
mals which died, remaining within a moderate range in those which
survived the prolonged treatment for many weeks and were finally
sacrificed. It was noted, moreover, that during a temporary discon-
tinuation of the treatment a relatively rapid increase in the number of
red cells developed. This was espeday string in the dog which was
killed 2 months after the last injection and which showed a recovery to
the original erythrocytic level I week after cea of treatment.

Hemoglobin and Volume of Packed Cells. The hmoglobin decreased
during the early part somewhat more rapidly than the erythrocytes, but
exhibited a normal relation to the ellular elements in the latter part
of the experiments. The volume of packed cells underwent a similar
movement.

Ieukocytes. The number of white cells fluctuated within the normal
range, sometimes reaching relatively low figures.

Clotting Time. The dotting time was rather consistently and consid-
erably inmcreased, and decreased slowly after cessation of treatment.

Sedimentation Rate. Erythrocytic sedimentation was considerably
hastened during the entire time of treatment and showed a gradual
return toward normal values after ion of injections.
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Plasma Viscosity. The plasma visity was edly
during the cose of treatment and particularly so during the last days
of tiose dogs which died spontaneously. In those animalsi reahd
values up to 7.88 after rlativelY few ijections. In dogs wth more
plonged and severe treatment thi value was often surpassed during
the more advaned stages, reachg 9.68. The viscosity r d at a
high level for weeks after the tion of imjections, showing a slow

. Metyl Celsuose, i500 cps. (Three Dogs)
One dog received a total of 9?o cc. of methyl cellulose solution within

4 weeks. A second dog was injected with 2330 cc. within 7 weeks and a
third with 4S90 cc within xi weeks. All died.

Erythrocytes. Then of ye decreased after prolonged
tretment to less than one-third of the original value.
Hemoglobin and Volume of Packed Cells. The h obi was con-

siderably reduced and ed in 2 dogs vahles below S gn, per xOo cc.
of blood. Tne decrease of hoglobin thus surpassed that of the
erythroctes. T"ne reduction in the vohlme of pace ll, on the other
hand,was so hat less in degree than that of the erythrocytes.

eUkocytes- The l cytes were always either at a high normal
level or slightly above that rapge.
Clotng Time. Noa m m Coting time were found.
Sedimentation Rate. There was a marked hastening of the erYthrO-

cytic sedi
Plasma Viscosity. The plasma viscosity was only moderately in-

creased, r ing as peak value alviscosity of 4.

g. Methyl Celluose, 4ooo cps. (Three Dogs)
One dog received 2290 cc. of methyl cellulose within 6 weeks, a sec-

ond was injected with a total of 344o cc. within 8 weeks, and a third
dog with 4930 cc. within 12 weeks. All died.
The emat dange were similar to those seen in the series injected

with methyl Ie, I5oo cps. This was particulay so in regard to
the crease in plasma viscosity, which rained below 3.5. It is re-
markable that the dog whch received 2290 cC. of methyl celulose de-
veloped an of 85o,ooo erythrocyte and a leukocytosis of
IOO,OOO cels 3 days before death. In the dog which was mjected with
4930 cc. the fial erythrocytic number was I45 miion (oraly 8
millions) and the final leukocYtic number, 42,600 cells.

ITe h tic noted after repeated intravenous ijections of
the seven types of metlcllulose exhibited a uniform pattern in many
pects, but certain important deviations in others. There was in all
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INTMAVENOUS INJECTIONS OF METHYL CElLULOSES

instances a conderable decease in the numbe of the circulating
erythrocytes, in the amount of hemoglobin and in the volume of packed
cells, which wasese pronunced with the highr moleclar tpes.
The reductio of the last two items usally surpaed in degree that of
the erythrocytes. It was evident, moreover, from the t in which
the treatment was iterrupted for some time, that this ia-produc-
ing effect was relatively readily reverie if the further introductio
of the csative agent was stopped. As a rule, the leukocytes stayed
withIm the normal nge, but tis were slightly to m y
increased during the final stage. Tlis reaction was especi pro-
nounced in the dogs injected with mc., 4000 cps., one of which ex-
hibited a marked hyperleukoytosis of leukemoid type. lbe clotting
time underwent abnormal changes only i animals injected with m.c,
400 cps., in which it was considerably The sedimentation
rate was definly a ltd in alli and rained so for
some time after discotiua of treatment. The plasma viscosity
was always incr However, this incrase was c ay s
with the metiyl ciluloses of the low and the high moleular weights
(m.c., I5 Cp&s, 25 Cps., 1500 cp5-, 4000 cps.), while it was highest with
methyl cellulose of 400 cps. having a moleular weig
that of serum albmin. It was noted, moreover, that the elevated vis-
cosity drope rathe rapidly to sli ieased values after discon-
tinuation of treatmentim dogs injected with methyl cel of 50 cps.
and IOO cpS., whereas it stayed ierably elevated for periods of
many weeks after c of injections in dogs treated with methyl
ellulose of 400 cps.

C. ANATOmCAL REACTONS IN THE INTERAL ORGANS FOLLOwNG
REPEATED INJCTIONS oF METHYL CELLULOSE

a. Methyl CeUlluose, I5 cps. (Two Dogs)
The 2 dogs of this series receved 570 and 670 cc. of metyl clulose

solution respectively, and showed at autopsy practically mal organs
with the excption of a large pn c in in the left upper
lobe of I dog. The splens re of normal size, of firm consistency and
grayish pink.

Thne histological study of the various organs showed the following
findings:

Thyroid; Aorta; Pulmnary Artery; Large Elastic Arteries; Muscu-
lar Arteries of Thyroid, Kidney and Adrenal; Panreas; Stomach and

tstine; Bladder. NormaL
Lung. Purulent bronchitis and large bropneu ic foci were

preset in the lungs of both dogs. There were deposits of a homogene-
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ous, v light-blue-stained matter in the peribronchil tissue
spaces of I dog.

Heart. Small bluish-colored homogeneous deposits were found in the
myocardial in t.

Liver. Pericentral fatty degeneration or necrosis of liver cells.
Adrenals. Small bluish deposits were present in the sinusoids of the

adrenals of I dog.
Spleen. The pulp Consistd of accuimuations of small foam cells,

many of them in a stage of disintation. Follicles were atrophic.
Kidney. The cortical tubules were distended, cystic, and lined by

flattened epithelim. Some of the glomeruli showed grape-like, dis-
ted, ystic, capillary loops conltamng foam cells, or, occasionally
were lined by a multinudeated synUM, which was found also in the
lining of some tubules. The interstitial tissue of I dog cotained bluish
homogenous deposits in the iterstic. Renal vessels were normal.

Testes. Arrest of sperMatoenesis was present in both dogs. This
was aiate i I dog with the presence of some spermatid giant cels
d iterstitial edema and was accompanied in the second dog by a
severe atrophy of the spermatogenic epithelium, leaving only the
se oa and the Sertoli's cells preserved. Some of the tubules
were collaped.
Bone Marrow. There was in the sternum a loose, hyperemic, imma-

ture myeloid tissue.

b. Methyl CeUulose, 25 cps. (Two Dogs)
The two dogs of this series received a total of 350 and I580 cc. of

methyl cellulose solution respectively, and showed at autopsy, apart
from emaion, normal iternal organs.
The histological min of the organs revealed the following

Brain; Hypophysis; Parathyroid. Normal.
Thyroid. The follicles contained a thin colloid or were empty. In I

dog the epithelial lining was desquamated in some follicles. The thyroid
of the second dog which received the larger dose of methyl ceulose
was normal.

Lung. The lungs were highly edematous, congested and hemorrhagic
in the first dog and normal in the second dog.

Heart. The heart was normal in the first dog. The walls of the sub-
epicardial coronary arteries in the heart of the second dog were trans-
formed, particularly in their intimal portion, into a thick foam-cellular
tissue considerably nawig the lmnina. Similar lesions were found
in the myordial arteries and arterioles. The subendocardial myo-
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INTlRAVENOUS INJECTIONS OF YL CELLULOSES

cardium of theJeft ventricle, espciay of the papilary muscles, con-
tained large and numerous calcium icrustations of neoc muscle
cells in addion to foci of loose fibrous tissue replaing muscle tissue
(Fig. i).

Aorta. The ascending aorta of the first dog showed a granular necro-
sis in the thickened intima and adjacent media. In a nearby segment
the outer and middle media contained large hyaline areas with an ex-
tensive nodular calcification causig a bulgig of the vessel wall into
the lumen. The subintimal media was edtous. In the thoracic aorta
there was perivascular hyalinization around vasa vasorum in the middle
ia. The aorta of the second dog ehibited similar and extensive

medial hyalinization and calcification in the media of the aortic bulb,
which ihowed, moreover, a thin foam-cellular coating and small foam-
cellular cushions of the intima. In the thoracic part of the aorta exten-
sive lesions of these types were present. The vasa vasorum of the ad-
ventitia were partly obliterated by foam-celular intimal proliferations,
while larg portions of the media were hyalinized.

Pulmonary Artery. There were areas of medial calcification above
the valves together with some foam-cellular intimal cushions in the
second dog.

Large Elastic Arteries. Some large elastic arteries of the second dog
showed extensive calcification of the media in some areas and in other
parts incrustation of the elastic fibrils together with cyst formation. In
several segments these lesions were assocated with foam-cellular pro-
liferation of the intima (Fig. 2).

Stomach. There was a diffuse fine granular calcificaton in the in-
terstitial tissue of the mucosa in the second dog.

Liver. Extreme congestion and extensive fresh coagulation necrosis
of the liver cells characterized the lesions of the first dog. The Kupifer
cells of the second dog were markedly increased in number and had
foamy cytoplasm. The cell cords were pushed apart thereby and the
hepatic cells were moderately atrophic.

Pancreas. A medium-sized artery in the normal pancreatic paren-
chyma of the second dog showed intimal foam-cellular cushions and
medial subendothelial calcium deposits.

Spleen. The organ was normal in the first dog and showed a pulp
composed of foam cells in the second dog.

Adrenals. These organs were normal in the first dog and contained
foam-cellular reticulo-endothelial cells of the medufla in the second dog.

Kidney. The tubules of the cortex were distended, cystic, and lined
with flattened cells in both dogs. The glomeruli were hypertrophic and
showed extensive hyalinization in the first dog. In the second dog many
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consisted of a few cystic st ures lined by foam cells or by a multinu-
deated syncytium ThIe arteriole in the kidney of the first dog had a
distinct, thick, red-stained subinutil hyer, while the arteries of the
second dog showed a foam-celarus of the intima under-
gdgee

Testes. The s ethelium of the tubules was reduced in
the s dog to the Serli's cl with a few large
giant cells. The arterioles revealed a hyaline ia thick g.

Epididymis. The ducts were empty.
Bone Marrow. The sum tained a dense, immature myeloid

c. Methyl Celulose, 50 cps. (Tfree Dogs)
One dog was injected with 370 cc. of the methyl cellulose solution, a

second with 1120 CC. and a third with 2010 cc. The hlug were
tos, hyperemic and s with dark red, hemorrhagic fod. The
spleens of the second and third dogs were enlarged, soft and grayish
pink. The livers ofte animls were lare, and brown with a grayish
tint All other organs were grosly nrmal
Thehl of the organs gave the following

fidings:
Vena Cava; St and Intestie; Pancreas; Mesenteric Lymph

Nodes. Normal.
Braim. The choroid plexus of the third dog, which received the high-

est amount of methyl celulose, consisted of a dense and bulky accumu
ation of foam s lined by an intact epeadyma. The brains of the
other dogs were maL
Lung The blood vessels in the interalveolar septa and in the peni-

bronchial tissue were frequently transford in all 3 dogs into s
mutc st res lined by a , filed with a colorless,
slightly refractive s nceand surrounded by g inuation tissue
containing Vrge roudl

Heart. The coronary arterie of the third dog had a thick, foam-
clular ntimn a infiltrating into the media.

Aorta. There was only a minor foam-ce r tim prolifaation
inolving endothelium and d heial tissue in the bulb of the first
dog, which showed in a thoracic segment an extensive hyaline and col-
lagenous transformation of the media with marked ri
(Fig. 3). The intimal foam-cellular c in the aortic bulb were
more highly deloped in the second and third dog, and contained i
the second dog a few e (Fig. 4), while tbe underlying media
showed scattered calcium grnules. The thorac and abdomiinl seg-

RIKP750



INT AVENOUS INJ1IONS OF METHYL CELLULOSES

ments of the aortas of these 2 dogs ehited frequent and markedinti
l foa-cellular proliferation whic s invaded the intima

and also involved the vasa vasorum. The media was often highly edem-
atous or mud. A mucoid, small-vesicular zone tended between
inma and media. Intima hyainization was found ioally,
whereas the media contained larr areas of calcfiction in both the
inner and the hyalinized outer meial zone.
Puhnonary Artery. There was a moderate foam-cellular e

of the intima of the p ry artery near the ihim n the second dog.
Large Elastic Arteries. The large da arteries were malmin the

first dog, but contaid foam-cellular timal thicenings nm the other 2
dogs. The nucei of these foam cells ads grtesque spider-
like rain.

Liver. Percentral cngstion and necrosis of liver cells were present
in the first dog, whie there was ncease m size and a foam-cellular
transfomatio of the Kupife cs and of the itestitial tissue histio-
cytes in the other 2 dogs. The liver cls were moderatelya ic

Adrenals. Foam-Cellular eticulum cells were found in the medulla
of the a of the third dog.

Spleen. The spe pulp in all 3 animals of large masses
of foam cells, none of them invading the lumina of the larger vessels.

Kideyy. Te crtical tbules were di d and lined by fl
cels The goruli of the second and third dogs showed grape-like
cysts. Am xa artery contained a mushrlike,
hyaline, itimal thicking with underlying thicened but f ted
internal elastic membrane.

Uterus. Tne uterine arteries of the third dog hibited a marked
foam-celluar proliferation of the itima, often o the lumina
(Fig. 5)
Bone Marrow. The sternum ctained a , immature

myeloid tissue.

d. MectI9 Cllulose, Ioo cps. (Three Dogs)
One dog was injected with 280 cC. of m clulose soluton, a

second dog received 4645 cc., and a third, Sigo cc. The autopy
showed the lungs to be congested and m ctaining scat-
tered dark red hemorrhagic areas. The livers in the second and third
dogs were enlarged. The spleens of these two animals were about two
or three times normal size and each weighed 120 gi. They were gray-
ish red and soft The renal cortices of these 2 dogs contad numeros
wedge-aped white areas. All other organs wer grossly normal.
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The histological in n of the organs gave the following
findi:

Brain; Thyroid; Large Elastic Arteries; Stomach and Intestine;
Pancreas; Lymph Nodes; Bladder. Normal.

Hypophysis. The loose and increased stroma of the predominantly
eosmophilic parenchyma ontained foam cels in the second and third
dogs (Fig. 6).

Parathyroid. Interstitial tissue of the parathyroid glands was in-
creased and contained some foam clls in the third dog.

Lungs. The lungs of the first dog were congeted and edematous and
showed scattered hemrrhagic areas. The lungs of the second and third
dogs contained distended cystic vasular lujmina in the peribronchial
and interstital septa, surrounded by multinudeated syncytia and large
round cels, fibroblasts and foam cells.
HearL With the excption of some round cel infiltrations in the

myocardium of the second dog, the-hearts were normaL
Aorta. The intima of the asc ng aorta of the first dog was intact,

while the media showed a considerable mucoid imbibition c g the
production of small cavities filled with mucoid matter, and a wide
separation of the muscle bundles. The media of the thoracic part con-
tained several large hyaline areas. The intima of the aortas of the sec-
ond and third dogs was transformed into a multilayered foam-cellular
coat in which cushion-like foam.-cellular thickenings were embedded,
which in places extended into the media. These anges were most
marked in the bulb. There was an extensive subendothelial calcification
in some areas.
Pulmonary Artery. Similar, but not as extensive, intiinl and medial

lesions, especially also musular calcifications, were present in the post-
valvular portion of the second and third dogs, while the media of the
first dog revealed increase of the mucoid content (Fig. 7).
Abdominal Muscular Artery. There was a large area of medial ne-

crosis present, assoiated with calcification of the elastic fibrils (Fig. 8).
Liver. The liver cells of the first dog were atrophic and the organ

was congested. In the second and third dog there was also an atrophy
of the liver cells. The cords were pushed far apart by proliferated,
foam-cellular Kupifer cells.

Spleen. The splenic pulp of the first dog was hyperemic and cellul,
whereas those of the second and third dogs were filled with foam cells
which were disintegrating in places.

Adrenals. The adrenals were normal in the first and second dog,
but showed foam-cellular reticulo-endothelial cells in the medulla of
the third dog.
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KQidney. The cortical tubuls were disde in all 3 dogs. The
glomeruli of the first dog were swollen and rich in nudei, while the
arterioles showed focal hyaiization of the media. The cortices of the
second and third contaid foci of large mononuclear ces intermingled
with a foam-cllular ma The glomeruli were transformed into
grape-like, cystic formations lined with foam cells -or multinuclated

Testes. In the second and third dogs there were a few spermatid
giant cels in the testicular tubular lumna, which were lined by a gen-
erally normal epium
Bone Marrow. The sternum contained a loose myeloid tissue.

e. Methyl CeUulose, 400 cps. (Seven Dogs)
One dog was injected with 260 cc. of methyl cellulose solution, a

second and third with IO40 cc., a fourth with 2112 CC., a fifth with
2930 cc., a sixth 3375 cc., and a seventh with 5720 cC.
The spleens were considerably enlarged in all dogs, induding the first

one. The organ was grayish pin, soft, and had in some instances an
almost liquid, dirty yellow pulp. Tle weights varied from 230 to 400
gm. The livers were also enlarged, brown-red to brown-gray and dis-
played a yellowish white network. One liver weighed IOI5 gi., while
the others were around 500 to 700 gmn The kidneys were large with
some retractions in a sometimes gelatinous cortex. The lungs were
ned.
Histological examination gave the following findings:
Thyroid and Parathyroid; Stomach; Pancreas; Bladder. Normal.
Brain. The choroid plexuses of dogs 5 and 7 consisted of accumula-

tions of foam cells. Numerous small perivascular glial foci were present
in the brain of dog 3, while numerous hemorrhages were found in dog i.

Hypophysis. Large mae of foam cells separated strands of addo-
philic cll min the anterior lobe in dog 7.-

Lung. Apart from congestion and the presence of numerous, moder-
ately lare round cells with an empty cytoplasm in the interalveolar
septa, no pathological lesions were seen in the lungs of dogs I to 6.
Foam-cellular masses filled the capillaries of dog 7 and formed nodules
in the iterstitial tissue.

Heart. The myocardium was normal in dogs I to 6. There were
perivascular foam-cellular foci around the myocardial arteries and
arterioles in dog 7. Hyaline thickenings of the media of the myocardial
arterioles were present in dogs 3, 6 and 7, assocated with foam-cellular
intimal proliferations in dogs 6 and 7. Foam cells lined the surface of
the aortic valves and the endocardium of the left ventricle in dog 7.
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Aorta. The aorta was normal in dogs i and 2. Tbe intima of the
aortas of the other 5 dogs sed an often multilayered foam-cellular
coating and cushion-like thicenings whih were most strikingly devel-
oped in the aortic bulb and decreased tward the abdominal portion.
TEhe media underneath these lesions showed hyaline degeneration some-
times associated with scatered sa or large ndules of calcificon.
Other portions exhibited an increase of the itercellular mucoid matter,
which occasionlly otaied some foam cells.

Pulmonary Artery. T-ne intima conisted of 2 or 3 layers of foam
cls covering and invading a hyalinized media, in dogs 4 and S.
Iarge Etic Arteries. Intima showed a foam-cellular coating and

small cushions in dogs 4, S, 6 and 7, while a thickened hyaln intimal
in was noted in one artery of dog 3.

Muscular Arteries. Tne intima hibited occasionally sml foam-
cellular groups in dog S.
Vena Cava. The intima consist of foam cells in dog 6.
Intestine. The mucosa tained foam cells i the itestitial tissue

in dogs 6 and 7.
Liver. While the liver of dog I showed only scattered foam-cellular

granulomatous formatins and those of dogs 2 and 3 were merely con-
gested, the livers of dogs 4, 5, 6 and 7 revealed an extensive prolifera-
tion of Kuper ls th transfor om into foam cells. Ihe liver

temselv had n part a vacuolated or foam-cellular a n
In dog 7 the perip connective tissue prticipated in the foam-celu-
lar transformation, whih affected al, in part, the endothelium of
the tic veins.
Spl. The spic pulps were always fam-cellular and contained

dusters of large multin atd giant ces arranged in circles. There
were large areas of necrosis prest The follie were atrophic.
Lymph Node. Foam-celular retculum cells were found-only in dog

7.
AAd a Fla ot e ial ilcn the medulla and

glomuloa of the adL were found in dogs 6 and 7. The adaLs
were nomal in the other dogs.

Kidney. There we a few giant-lular and foam-celular granu-
lomas in the interstitial, ri ular tissue of the cortex in dogs I, 2
and 3. A few gomruli contained cystic formations with foam
cells. The l s were much more widspread and severe in dogs 4 to
7, where the glomeruli had a multiystic appearance with endothelial
foam lls. IThe tubules were dltended and lined either by flattened
cells or by foam cells. Foam-cellular acumulations were seen also in
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the nterstitial tissue. Foam-cellular proliferations of the intima of
intrarenal arteres werepent in dog 5 together with mial hyaliniza-
dons in the mai renal artery.

Testes. Arrest of speatogen existed in dog 2; marked degenr-
ation of thes a pieli with theapean of numerous
multnuleated giant cells occurred in dogs 3 and 4.

Uterus and Ovary: Normal in dog 6.
Bone Marrow. The sternum contained ani myeloid tissue

in dogs i to 6, while a few foam-cellular reticulum cells were present in
an immatre myekoid and fatty marrow in dog 7.

f. Methy Ce.lUlose, 1500 cps. (Three Dogs)
One dog was injected with ggo cc. of methyl cellulose solution, a sec-

ond with 2330 cc., and a third with 4590 cc. At au the lungs were
found to be congested and e with hemorrhagic spots; the
spleens were enlard, weighing between 174 and 264 gin; the livers
were brow and ete to markedy enlarged (59o to 920 gn.).
Hiolo lexamination showed the fbllowing findings:
Brain; Hypophysis; Thyroid and Prthyroi; Large Elastic Ar-

teries; Stch and Inttine; Pancreas; Lymph Node; Adrenals;
Bladder. NormaL

Lung. Numros disended and multicystic cplaiswere found
in the itersttial tissue of the hmgs. The cysts were lined by a multi-
nucleated syncytium and surnlroud by foam cells and large mono-
nucear cel.
H .The myocardium was nmal. There were marked foam-

cellular proliferatios in the intim of the epicardial and myoardial
coronary brhes in dog I.

Aorta. The a ng aorta ed a foam-cer lining of mod-
erate extent and thickness m all 3 dogs. The underlying media was
thickened by mbibition of mucoid material. I oter parts of the aorta
there were some ushion-like foam-c la intim dogs
I and 3. Tne deeper parts of the raflhr thk n in dog 3 re
composed of spindl d fibroblasts in radiatig arrangement and
of hyali containin sattered foam lls (Fig. 9).

Liver. T'ne liver cells were atrophic. The cords were widely sepa-
rated by distended susoids ctainimg dequamated, swollen, spherical
Kupffer cells with foam strucurle.

Spleen. The pulp of the spleen show extensive foam-celular trans-
formation.

KRidney. In th cortex of the kidney the tubules wre distended. The
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glomeruli were swollen and showed cells with a loose, vacuolar cyto-
plasm. The edematous interstitial connective tissue contained round
cells and multinudeated giant cels.

Testes. The testes were normal in dog 2. The spermatogenic epithe-
lium of the other 2 dogs was markedly degenerated and consisted, in
some tubules, of hypertrophic Sertoli's cels only, while in others no
epithelial lining was present, but a thickened hyaline capsule sur-
rounded an empty lumen. Some tubules contained deep brown pig-
mented cells.

Epididymis. The empty ducts of the epididymis were lined by hyper-
plastic epithelium.

Bone Marrow. The sternum contained fatty myeloid tissue.

g. Methyl Celluldose, 4000 cps. (Three Dogs)
One dog was injected with 2290 CC. of methyl cellulose solution, a

second with 3440 cc., and a third with 4930 cc. Autopsies showed that
the lungs were edematous and contained some hemorrhagic spots. The
livers weighed between 5oo and 6oo g., the spleens between i9o and
504 gm. The kidneys were swollen, pale light brown.

Histological einaion of the organs gave the following findings:
Brain; Hypophysis; Thyroid and Parathyroid; Pulmonary Artery;

Vena Cava; Stomach; Intestine; Pancreas; Bladder. Normal.
Lung. The interalveolar septa were cellular.
Heart. Myocardium and coronary arteries were normal.
Aorta. The aortic intima showed in dogs I and 3 a thin foam-cellu-

lar proliferation beneath the endothelium. The musde cells of the
media in dog i contained fine blue granules or were diffusely incrusted
with caldum salts, particularly beneath the intima. There was a more
massive foam-cellular intimal proliferation in the ascending aorta of
dog 2, assocated with imbibition of mucoid material in the media. The
other aortic segments were normal.

Large Elstic Arteries. Some scattered small, foam-cellular, intimal
proliferations were found, but the majority of the large arteries were
normal.

Liver. In the 3 dogs there was an extensive destruction of the liver
parenchyma leaving often only a reticular framework and proliferated
foam-cellular Kupffer cells.

Spleen. There was extensive necrosis in a foam-cellular pulp in the
spleens of dogs i and 2, while numerous multinucleated giant cells, ar-
ranged in clusters, and massive accumulations of foam cells were pres-
ent in dog 3.

Adrenals. Some foam-cellular reticulum cells were present in the
medulla of the adrenals in dog 2.
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Lymph Nodes. The mesenteric nodes of dog 2 showed numerous
multinudeated giant cells, mainly in the peripheral uses.

Kidney. The renal cortical tubules were distended and lined by a
flattened epithelium. The glomeruli were converted into multicystic
grape-like formations with foam-cellular endothelium. here were
localized round cell infiltrations in the interstitial tissue, associated with
foam cells in dog 3.

Uterus. Normal in dog 3.
Testes. The spermatogenic epithelium was highly atrophic and the

Sertoli's cells were hypertrophic in dog 2.
Bone Marrow. The sternum contained a dense mature myeloid

tissue.

Foam-cellular transformation of the supporting tissue of the choroid
plexus of the brain was found only in dogs injected with large amounts
of methyl celluloses of 5o and 400 cps., while similar change in the
anterior lobe of the hypophysis were seen in animals treated with large
doses of methyl celluloses of ioo and 400 cps. The presence of multi-
cystic, distended pulmonary capilaries and precapillary vessels, lined
with multinudear syncytia and surrounded by large mononuclear cells
and foam cells, was noted only in dogs into which methyl celluloses of
50, 100, 400 and I500 cps. had been introduced. Dogs receiving the
two methyl celluloses with lower viscosities and the one with a higher
viscosity were free from such lesions. The dogs injected with methyl
cellulose of I5 cps. did not exhibit degenerative and foam-cellular vas-
cular reactions, such as were seen in animals treated with methyl cellu-
lose of the other types. Although their occurrence and extent showed
a dependence upon the amount of methyl cellulose solution introduced,
the foam-celular intimal response as well as the hyaline and calcfying
medial changes were comparatively mild in the dogs which received
methyl cellulose of 4000 cps. The livers of dogs treated with methyl
celluloses of 15, 25 and 50 cps. showed evidence of direct liver necrosis
in the absence of extensive storage of methyl cellulose in swollen, pro-
liferated, foam-cellular Kupffer cells. In dogs injected with the higher
molecular methyl celluloses such degenerative hepatic lesions were
usually secondary to extensive proliferative reactions in the Kupffer
cells, assoaated with the storage of methyl cellulose in these elements.
This type of hepatic parenchymatous destruction was marked in the
dogs which received methyl cellulose of 4000 cps. The presence of
methyl cellulose within liver cells was noted only in dogs injected with
methyl cellulose of 400 cps. In alI other dogs the liver parenchyma ap-
peared to be free from methyl celulose, but sometimes contained fat.
The retention of methyl cellulose in the reticulum and reticulo-endo-
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thelial cell of the sple and the transformation of these cells into foam
cels and mtinucleated giant ll was found in dogs of all series. A
im uniformit was noted in the retention and deposition of methf l

celluloe in the glomeruli of the kidneys, in the degenerative changes m
the epithelium of the tetes, and in espect to the ab-
sence of foam ell in the bone marrow.

COMMENT

From the data recorded it becomes evident th e various itra-
venously injected methyl cll elicit, rardless of their molecular
weights, changes in the blood cadraeic of the logi macro-
molecular syndrome (primary leukoia, secondary leuk t,
anemia, increased sedimentation), as wel as organic lon (foam-
cehlular masss min liver, spen, adrenal, kidney), typical of the storage
of colloidal matter, such as glycogn, lipoids, polyvinyl
alcohol, siLica, pectin, gum arabcf, c., i.e., sutanc wich form
emulsios with m alk and cyto mmatic protem solutions.
However, thiscve rn was not uniformly developed with all
methl celuos. If coni is taen of thoe deviations whch are
attributable to the differenes i the amount of material njected, such
as the appaance of foam clin the chooid plexus, in the anterior
lobe of the hypophysis, and in the naLs, e rema di
whic sm to be causally reated to differencs thep i al
ptrpetie of the jecd an

Tbel shoter duration of the leukopenia after a sinle injection of
methyl celluoses of I5 and 25 CPS., the milder decease i the numb
of ehroctes and in hemoglobin and vilume of ed blood cels,
the delayed rance and shorter duration of the acceleration in
elrythoytic sedimetin, and the more rapid ta y elevati of
the plasma vicosity, as c ed to the findings after the mtrouction
of methyl celluos of higher mo lar weights, oiously reflect the
infIn of the rlativem ar size upon the itsity and duratio
of such acute cdal c ns.Ti is a y true, simce a com-
parativey larg amount of the low molecular methyl celuoewas
contained nm the injected dose of 40oc than was present i soutions of
methyl celluloses of higher m lr condusion is sup-
ported by obrations made by Bucher 13in connection with the intra-
venous injection of la solutions of glycogen into rabbits. Tnis
investigator fod that the severity and duration of the leuk re-
action was de d upon the quaty as wel as upon the mecuar
size of the glycenij

However, this relationship concerning the influence of the molecular
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size upon the severity and type of reaction was not con t in rpect
to the plasmai visosity teactions elcited by tl iuloes of
higer mlecular wht, as this response was very mil awl of very
short duation for treatt with both single and repeated des. Ile
relatively very sa abslut amoumts used of m of
I500 and 4000 cps. may have militated a t any marked and pro-
longed eevation of the Wasma viscity. On the other hand, it may be
possible that the very long-hained molecules of methyl culo of
1500 and 4000 cps., when uced into the blood, do not preserve
their rod-shaped form and eir dected arrangement responsile for
the high viscoty of their aqueous solution, but follow the e pe of
the protein mole s and curl up into globules, thereby cs a
marked diminuion of the viscous prties. This s on is based
on a im of I shki14 WhoiLpo the ocrence of
such anges for the filamentary gelatin molecs when a gatin
solution is heated from just above the jeying point to highr tempera-
tures at which the gelatin is perfectly liquid and much less vscou. An
additional causal relation between molecular s and plasmatic vis-
csLtyaes to be reflected in the rapid decrase of plasma viscosity
after tion of treatment in animals injected with metyl celuloses
of 50 and zOO cps., in ontrast to the long-oontinued elevation of this
factor in dogs reivig methyl lle of 400 cps.
A similar lelmbet the action of the two low Plclar

methyl c ses and the very hih molecular cellulose exists mi regard
to thea of int ly retetion cysts of the hmgs after thei
inj Such ions were ularly foud with the,other types.
Primary or s a diffe ns molecular size and cofiguration
among the vari methyl celluloses seem to offer the most plaible
explanation for thed i between these anatomical ions,
the development of which d ds to a definite degree upon the width
of the lmnry capllaries.

it is noteworthy i this cnnectin that retention of methyl celulose
withi the glomeilar filter, a with foam-cellular and prolifera-
tive reactions of the eim , was found with methyl lluloes of
all types rgardless of their mo weights. lThis is remarkable
since three of these sutance have a molecular weight below 65,ooo,
whch is suposd to represent the critical level for glomerular filtra-
tion of macromolecular su . The observation shows that molec-
ular size determined for the dry material is evidently not the only
factor in derming filtrability, but that the degree of m ular
hyation plays an important r6le this respec Similar results were
obtained by Bott and Riards15 in tests of the permeability of the
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glomerular membrane of the amphibian kidney for serum albumin of
duk's and hen's eggs, lactoglobulin, zinc insuiin, horse serum albumin
tuberculin protein, salmine, and inulin, as only mulin, with a molecular
weight of about 6ooo, filtered through completely. All other agents
studied were retained to some degree.

It must remn unertain wlther the molecular weight and perhaps
also the molecular configuration of methyl cellulose of 4000 cps. may
be resosible for the unu lly severe a and the extraordiary
hyperleu,kocytosis observed in two of the three injected dogs. Also
remarkable is the relatively slight severity and extent of the foam-
clllar intimal, and hyalinizing and calcifying medial, lesions of the
aorta and lare elastic arteries in dogs treated itensely with methyl
cellulose of 4000 cps., as compared to the vascular hanges in animals
treated with methyl cellulos of lower molecular size.

Other striking relations between molecular size of methyl cellulose
and biological effect were foumd in its storage in the liver and in the
coagulation time of the blood. Whereas the Kupffer cells and also, after
ntensive treatment, the histiocytes of the periportal connective tissue
of dogs injected with any of the methyl cellulose exhibited a marked
foam-ellular transformation and proliferation aiated with atrophy
of the liver cels and, with the high molecular methyl celulose, exten-
sive destruction of liver cells, it was only in dogs receiving methyl
cellulose of 400 cps. that the liver cells also retained methyl cellulose.
it is significant that dogs of this series only displayed a considerable
lengthening of the dotting time, while the dogs of all other series
showed no abnormal fluctuations of this factor. The presence of hepatic
necrosis did not seem to influence the dotting time.

It may be added that the repeated intravenous introduction of methyl
cellulose solutions of the different types resulted in the production of
vascular lesions characterizd by foam-cellular proliferations of the
endothelial and intimal cells, sometimes associated with fibroblastic and
hyaline intimal thickenings, increased mucoid imbibition of the media
which sometimes resulted in the formation of small, irregular, subintimal
cavities filled with mucoid material, and with hyalnization and cald-
fication of the media. These various reactions, which increased in
extent and degree with the intensity of the treatment, were found in
both elastic and muscular arteries but were more rked and more
frequent in the former. Although they frequently occurred together, it
was not unusual for intimal or medial changes to be seen alone. The
vasa vasorum of the aorta sometimes participated in the foam-ceUllular
reactions. It is noteworthy that occasionally extensive areas of medial
calcfication without intimal lesions or with foam-cellular intimal pro-
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liferation were encoumtered in medium-sized abdominal branches of
the arta. These observations strongly suggest that also in the develop-
ment of the degenerative intimal and medial lesions in man, particularly
tkose of the Monckeberg type, common ausal factors are active, and
that medial calcnosis of the peripheral arteries does not represent a
special type of vascular disease which must be dstinguished etiologic-
ally from ordnary atherosclerosis.1-19
The high frequency of severe testicular atrophy in the dogs of this

experiment supports the conception advanced in previous publications
that anoxemia is the fundamental commonc factor in the produc-
tion of d rative vascular disease, as testicular degenerations are a
phenomenon frequently met with in anoxemic states (chronic moun-
tain sicness, lead poiso , nitrate poisoning, nicotine poisoning, car-
bon disulfide poisoning, carbon monoxide poisoning, etc.) 17, 20

CoNcLusIoNs
i. The intravenous injection of single and repeated doses of seven

tpes of methyl cellulose in molecular weight from 32,200 to
143,000 results in hematic and organic reactions which differ among
themselves in some respects, dedig upon the molecular weights.

2. Methyl celluloses of low molecular weight cause a shorter dura-
tion of a transitory leukopenia, a milder decrease in the number of
erythrocytes, a shorter acceleration of erythrocytic sedimentaion and
a shorter elevation of the pltic viscosity than those elicited by
methyl celluloses of higher molecular weights.

3. Methyl celluloses of high molecular weight form an exception to
the rule in regard to the incrase in plasmatic viscosity, as they do not
elicit an appreciable elevation of this factor even after the introduction
of large amounts.

4. A similar palleli between molecular weight and anatomical
lesins is represented by the fact that the two methyl celluloses of
lower molecular weight do not produce intracapillary pulmonary re-
tention cysts, as do all other methyl celluloses with the exception of
the methyl cellulose of highest molecular weight.

5. An methyl ceuloses were retained at least in part by the glomeru-
lar filtration membrane, idicating that here the degree of hydration
plays an important r6le by influng molecular size.

6. Lengthenmg of the dotting time was found only with methyl
cellulose of 400 cps., which has about the same molecular weight as
seru albumin and enters the liver cells, which do not store the other
methyl celhlloses.

7. The degree and distnrbution of atheromatous intimal, and hyalin-
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fring and calcifying medial, lesions in the and muscular arteries
ireased rwith the itsi and dration of trtment, but varied some-
what with the type of metyl clulose j , bing least developed
wit the vety highm ype.

8. lihe frmequent in ar of medial cifica-
tinuneated to c es inicadt at the sae cann-
ve n nim acIve in the produ Of both m atheromato-
s ada edi.
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DESCRIPTION OF PLATES

PLAE 141

FMr. x. -Mlycaudial nerssanl caldicai with prolfration of fibroblasts, awl
with ltat of ~cytes awlmonocearad_ bds An artery shows -
able polifertio of intinI fam cells aw eosin stain X 360.

F*. 2. I eesic ay mild fom-chr prliferati of the intima and
a lage focus of e and iaciinm the midle media. Hemato
awd edn stain X 360.
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PLATE 142

Fic. 3. Extensive area of fibrosis and hyalinization in the outer half of the aortic
media (lower part of figure) with markd cllary priferation and mild in-

filtrawith ly otes. and eosin stain. X 310.

Fi CUshion-ike, elluar intimal thickening of the aorta with invasion of scat-
tered leukocytes into a highly mucoid media. Hematoxylin and eosin stain.
X 310.

FIG. 5. Uterine arteries with extensive foam-celular intimal proliferation almost
occuding the lumina. Hematoxylin and eosin stain. X 360.
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PLATE 143

FIG. 6. Anterior lobe of the hypophysis with foam-cellar interstitial tissue. Hema-
toxylin and eosin stain X 66o.

FIc. 7. Pulmonary artery with foam-celular thickening of the intima and with
hyaliization and calcification of the media. Hematoxylin and eosin stain.
X 360.
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PLATE 144

FIG. 8. Large muscular artery with extensive medial necrosis, and calcification of
the necrotic matter and of the elastic fibrils. Hematoxylin and eosin stain.
X 360.

FIG. 9. Intimal thickening of the aorta cnsistg of a foam-cellular inner layer and
a deeper, partly hyaline, partly fibroblastic layer covering a highly mucoid
media. Hematoylin and eosin stain. X 360.
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