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INTRODUCTION AND PURPOSE OF BXPERIMENT

Because of the important role played by pork im the
economic life of the people of the state of Iowa and the
relatively high dally consumption of pork by the farm
families of that state, the Nutrition Laboratory of the
Foods and Nutrition Department of Iowa State College has
been interested in investigating the dietary value of
pork.

At the initiation of this study & diet was formu-
lated, supposedly adequate in the then known dietary
essentials, and synthetic except for the protein which
wes supplied by autoclaved, dried pork muscle. The effect
of this dietary regime upon the well-being of the albino
rat has been studied in the Iowa State College lLaboratory
by several investigators over a period of about ten years.
Since an adequate diet must provide for successful repro-
dustion and lactation and support the life functions over
successive generations, as well as to promote maintenance
and growth, Interest soon centered on the effects of such
a diet upon the reproductive performance of the rat and the
continuance of the specles.

One of the first studlies reported was that of Dyar
(1935) who found thet not only was the growih rate of the



rats fed the pork dlet retarded, but that there were
definite abnormalities of the reproductive funotions.
Most striking, perhaps, was the fact that all of the rats
of the second generation receiving pork were sterile, as
were 70 per cent of the first gensration. Dyar also ob-
served a lack of success in parturition and lectation,
Further studies were made by King (1936), wilecox (1937},
Walliker (1938), Arustrong (1939), and Campbell (1940) in
attempts to discover the etlology of the defects observed
and to describe and study the metabolic derangements
caused by the pork diet.

Some of the abnormelities observed have been a
lengthening of the oestrous cycle, & prolongation of the
gestation period, partisl or complete gestational failure,
and an insbility on the part of the mother to suckle her
young. The most interesting effect otserved has been the
death of mothers at the time of parturition. During the
course of Dyar's investigation (1935), 33 per cent of the
pork-fed mothers dled. The symptoms exhibited by the
females preceding death are fairly uniform and closely
resemble those described as typical of the toxemias of
pregnaency in man, sheep, and rebbits. The rats appear
normal until the close of gestation when they become

limp, lethargic, and cold to the touch, with pale sars



and paws. Often the condition is preceded by the appear-
ance of bloody urine, which is not, however, an unfailing
sign of approaching illness.

During the acute phases of the disturbance the rats
show evidences of extreme discomfort, as exhibited by a
clenching of the teeth and failure to support the head,
which is often rested on the food cup or pressed into a
coruur. Veaglnal hemorrhage is & common occurrence and
death is often preceded by violent convulslions. At tiwmes
none of the earlier symptoms are observed and the rat
appears normal until the dramestic and sudden onset of a
couvulsion, culmlnating in death.

Upon autopsy certain pathological changes are
evident. The livers are yellow, swollen in appearance
and often extremely friable. The kidneys are enlarged
and gorged with blood. The fetl are usually found dead.
Sometines the feti appear macerated or even partially de-
composed. Hemolysis of fetal blood and thrombi in the
unbilical veins were noted by armstrong (1939). Since
the liver exhibited the most obvious gross abnormalities,
both histologlcal and chemical examinations of that organ
were made., Histological studies (Armstrong, 1939) have
shown fatty infiltration and fatty degeneration oi the

liver cells of pregnant pork-fed rats and chemicel



sénalyses have shown &« high liver fet content. The
averuge per cent of liver fat caiculuted on the dry basis
was upproximetely 31 per ceut for the anlials thaet died
and 38 per ceunt for the non-moribund pork-fed rats in
contrast with 22 per cent for normel, preguant coutrols.
48 early as 1902, Rcsenfeld discussed the "entugonism
of fat and glycogen in the liver®. He .. "'‘cuted that
fattening with carbohydrates brings about un abundeant
storage of glycogen in the liver and that the ilver cells
thus enriched muy refuse to tuke cn fat., Rosenfell made
ths interesting observation that sea animels, such as the
fish and the whale, thut consume wostly fat sndé protein
nutrients have enormously fat livers. The pork di.t fed
ln the present study is one that contains about 20 per
cent of fat and is apparently conducive to the production
of fatty llvers. Conversely to Rosenfeld's statement cone-
cerning the refusal of the glycogen-rich liver cells to
take on fat might not the opposite be true? Do liver
cells loeded with fat refuse to teake on glycogen? If
this does occur, are derungements in carboyhydrate meta-
bolism associated with the pregnancy disease? Armstrong
has suggested certain of these relationships in an
interesting diagrammatic representation of the theoretical

sequence of events resulting in the pregnancy disorder,



This diagram is reproduced as Figure 1 and indlcates thut
disturbances in carbohydrate metabolism may result from
the fatty degeneration and infilitration of hepatic cells,
Inedequate carbohydrate stores may lead to resorptlon and
starvation of fetl or to convulsions and other symptons
observed in the sick rats. Another theory might be that
a lack of circulating glucose may result in placental de-
rangements and the consequent production of toxic
substances.

Cori (1926) has devised a plan to study carbohydrate
metabolism by a balance technigue which involves analyses
pertaining to absorption, glycogen in liver and muscle,
glucose in blood and urine, and the respiratory quotient,
Since it was ilupossible to attack the present problem on
such & wide scale, it was felt that if a defect existed
it might be reflected first in the concentration of liver
glycogen. Therefore, the present study of the concentra-
tion of glycogen in the liver was undertsken to test the
hypothesis that consumption of the pork diet may lesad,
either directly or indirectly, to a derangement of carbo-

hydrate metebolism,



FIGURE 1. THEORETICAL REPRESENTATION OF SEQUEN oF
EVENTS RESULTING IN sCUTE PREGNANCY DISORDE

Feeding of Pork I diet
1

Y Y

Developuent of Acocunulation of
exgegsively large fat in the

feti and placentae liver

Unknown causes > Fatty degenerstlon

and infiltration
of hepatic cells

Disturbances in carbo- Lowered liver
hydrate metabolism function
Resorption plus Incomplete Aocumulation of
partial starvation detoxifioce~ normel metabolites
of fetl tion of in blood to high
products of levels
resorbing
Tetl

Kidney injury

Injury to Suppression of
live feti excretion

Y
Convulsions Hypertension Edema  Hemolysis Hemor-
of fetal rhage in
vlood kidney

1. Armstrong, W. E.

1939. 1Meat in nutrition. XAV. Certain characteris-
tics of gestetionel performance in albino rats
fed a diet containing dried autovlaved pork
muscle. Upnpublished Thesis, Ph.D., Library,
Iowa State College, Ames, Iowa.
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PLAN OF HXPERT.LNT

Whether the fatty livers consistently observed in
pregnant rats mainteined on a diet containing dried,
autoclaved pork muscle as the source of protein are
associated with any disturbsances in carbohydrate metabo-
lism has been studied in the present invesuigation. The
guantity of glycogen deposited in the liver under stand-
ardized conditions of feeding was chosen as an index of
the ebility of the rat to metabolize carbohydrate.

Five serie: of rats have been studied. In Series
I, the guantity of glycogen present in the liver of preg-
nant rats fed the pork-containing ration was compared
with that present in pregnant control rats malntained on
the standard diet of the stock colony and with that
present in virgin rats of the same age reared on the
experimental diet and on the diet contalning pork muscle.
The analyses of the livers of the pregnant rats were
made on the 21,5 day of the gestation period. 4after a
starvation period of 13 hours, each animal was offered
4 gm. of the ration upon which she had been reared. The
liver was removed for analysls after seven hours.

It seemed possible that the quality of the food

given after the starvation period might influence the



apount of liver glycogen dspcsited. Therefcre, another
group of starved pregnent females resred on the pork diet
wes Jed 4 ga. of the stock diet geven lLours before
rewoval of tissues. This group comprised Ceries Ii.
Findings were coupared with those of the presznant rats
fed nork in Series T.

It wes thought thet the swount of i cogen deposited
by the wmcther in the fetal livers might prove to be of
interest. Consequently, the livers of the feti from pert
of the rregnaut femeles 1ln Series I ard feries II were
reuoved and ensiyzed.

In order to rule out veristions in the guesntity end
guelity of food given sfter the stervetion reriod, a mcre
cexrefully controlled experiment was designed es Series
I7I. Imn this experiment, measured amounts c¢f & stsnderd
glucnse solution wers given by mezus of & stouech tube to
groups of estarved pregnent and virgin rate reared on the
experlnental &end control diets. Liver glycogen ci. the
reducing conterts of the gastrointestinul treet were
determined. Thus, inforastion vas obtsined on the
abscrption of gluccose from the intestinal tract, as well
as the deposition of liver glycogen. In this test it was
also necessary to determine the average amount of pre-
forned glycogen in the liver, snd the normsl reduction

values of the contents of the empty gestrointestinal
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tract. These analyses were made after a l3-hour fest on
groups of pregnant and virgin rats on both the experi-
mental and stock dists,

A8 Armstrong (1939) has indicated, only about 30 to
40 per cent of the pork-fed rsts develop the toxie
synptoms. We were interested in determining whether
there was any difference in glycogen metabolism in rats
that developed the pregnancy disease and those that did
not. Slnce the acute symptoms usually appesred very late
in the gestation period, it seemed possible that the
glycogen determinations in the preceding series were made
too long before parturition to catch a break-down of
glycogen, if that phenomenon did occur. Therefore, an
effort was made to unalyze the livers of sowe pork-fed
rats on the last day of parturition. In Series IV, a
group of fasted "pork rats" was fed a& measured amount of
a glucose solution by stomach tube on the twenty-second
day of gestation. If parturition occurred before the
'elapsé of the four hour digestion period, the rat was
discarded.

The original plan of the study excluded the obser-~
vation of toxic symptoms since, &s explained previously,
these symptoms usually occur on the twenty-second or
twenty-third day of gestation. It seemed important,

however, to learn something regerding glycogen deposition



in & rat, definitely ill, Therefore, a small group of
rats that exhibited toxic symptoms, such as bloody
urlne, pale ears and paws, and drop in body temperature,
wag studled in Series V. Obviously, in this serles, pre-
experimental conditions could not be controlled,
Steenbock V is the neaue of the diet used for the
maintenance of the stock colony and also of all positive
control groups. The experlmental zroups received a diet
called Pork I which was synthetic except for the protein
furnished in the form of dried,eutoclaved pork muscle.
The main plan of the experiment Iincluding Series I
through Series IV snd the distribution of animels in the

various experimental groups are summarized in Table 1,



TABLE 1,

SUMMARY OF EXPERIMENTsL PLAN

Series| Name Repro- Post-starvation Analyses performed No.
of ductive treatment of
diet status |[Food given | Length rats
fed and of
quantity period
Pregnant|4 gnm. 7 hrs. | Maternal liver glycogen 23
Steen- Steenbosk V Fetal liver glycogen 10
bock ¥
Virgin |4 gm. 7 hrs, | Liver glycogen 8
I Steenbock V
Pregnant|4 gm. 7 hrs, | Maternal liver glycogen 26
Pork I Fetal liver glyocogen 2
Pork I
Virgin |4 gn. 7 hra. | Liver glycogen 8
Pork I
I Pork I|Pregnaunt|4 gnm. 7 hrs. | iaternal liver glycogen 10
Steenbock V Fetal liver glycogen 10
Pregnaut _—— —— Liver glycogen, and reducing substancesy 5
present 1ln gastrointestinal traot
Pork I
Virgin - —— Liver glycogen, and reducing substances| 5
III present in gastrointestinsl tract
Pregnant o ——- Liver glycogen, and reducing substances| 5
Steen- present in gastrointestinal traoct
bock V
Virgin - —— Liver glyocogen, and reducing substances| 5

present in gastrointestinal tract




TABLE l. (cont'd.). SUMWARY OF EXPERIMENTAL PLaN
Serlies| Name | Repro~ Post-gtarvation Analyses performed No.
of |ductive treatment of
diet |status |Food given| Length rats
fed and ot
quantity period ]
Pregnant (23 co. 504 | 4 hrs.| Liver glycogen, and reducing substances| 8
glucose present 1n gastrolntestinal tract
Fork 1 ,
Virgin |24 co. 50%| 4 hrs.| Liver glycogen, and rsducing substances| 8
gluoose present Iln gastrointestinal tracti
III
cont'd Pregnant (25 co. 50%| 4 hrs.| Liver glycogen, and reducing substances| 8
Steen- glucose present in gastrointestinal tract
boek V
Virgin |2} cc. 50%| 4 hrs.| Liver glycogen, and reducing substances| 8
glucose present in gastrointestinal tract
Iv Pork I|Pregnant¥2i oc. 50%| 4 hrs.| Liver glycogen, and rsiucing substences| 5

glucose

present in gaestrointestinal tract

*Killed on the twenty-second day

of gestation.



EAPLRIMENTAL PROCEDURE

ANIMALS USED
General

The animals used in the study herein described were
albino rats (iius norvegicus albinus) of wistar stock,
strain i, belonging to the stock colony of the Foods and
Nutrition Department at the Iowa State College. These
rats were of known genetic history snd for about sighty
generations hed been inbred by brother and sister
matings. The animals composing the experimental groups
in this study were taken from the stock colony over a
period of four years and represent the nineteenth to the
thirty~-first generations bred in the Iowa State College
laboratory.

The composition of the stock diet was permanently
established in 1932, It represented a modification of a
whole grain diet originally described by Steenbock in
1923 and was designated as Steenbock V. The quallty of
the lngredients used in the ration was kept as uniform as
poasible throughout the years.

Young female rats were taken at the time of weaning



)8

from the second or third litters of the breeding stock.
Uniform znimals ag judged from the welghts at birth and
at weaning were chosen. Until the time of sexual maturity,
determined by the date of the opening of the vagiaal
orifice, all experimental animals received the stock
colony ration, Steenbock V. 4t the onset of sexual
maturity, the diet of the rats placed in the experimentul
groups was changed to Pork I wihile the coutrol groups
continued to receive Steenbock V., all animals were
transferred to individual cages on tae duy of the opening
of the vagina.

In Series III, in so far as possible, the raspre-
sentatives of a litter were distributed evenly among the
groupg. The virgin coatrols for Series I were in litter-
mate pairs with each other but not with the pregnant
enimais, since the studies were uaede in successive years.
The distribution of animals and the nuuwber of each rat
appear 1n Table VI and Table VII (ippendix).

The system of brotiner and sister matings ewmployed in
the stock colony was followed in breeding all experi-
mental animals. All meles were wmaintained on the stock

colony ration.
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Uniformity of Animals Used

The uniformity of the animals used in the experiment
may be judged by using as Indices: body welght at time of
weaning, age at sexual maturity, body welght at sexual
maturity, age at initliation of first pregnancy, and body
weight at initiation of the first pregnancy. The average
values for each of the experimental groups are given in
Table 2. The variation is no greater than that which has
been demonstrated as characteristic of the stock colony

{Greenwood, 1840).



TABLE 2. UNIFORMITY OF ANILWMALS USED IN THE EXe:RIMENTL
Serles| Experimental | Number |Body wt. Age at | Body wt. |age at Body wt. at
group of |at time sexual at sexuall|initistion|initiation
animals|of weaning|maturity| maturity2lof first |of first
pregrancy | pregnancy
2. days . days £.
Steenbock V
Pregnant 23 52.00 45,13 92,86 68,91 136.95
Virgin 8 53.75 40,60 90.33 —-—— ———
I Pork I
Pregnant 26 51.27 44.21 91.33 71.87 143.25
II Pork I
| Pregnant 10 50.50 44,50 91,60 63,00 128.40
Pork 1
Pregnant +] 50.40 42 .40 88.00 74.80 149.00
71rgm 5 510 00 43040 95 040 bt - o
Steenbock V
Pregnant 5 51.00 47.40 92.20 73.20 137.00
III Virgin 5 49.00 46,75 89.66 — - -
Pork I
Pregnant 8 46,37 43.75 82.00 69.62 129.12
Virgin 8 49.12 44.50 86. 50 - e
Steenboock V ’
Pregnant 8 52.50 42.75 85.60 68.75 130.00
Virgin 8 50.87 41,12 83,12 —— —
Iv Pork I
Pregnant 5 48.20 40.80 82.80 72.60 148.20

lThese data include enimels studied over a period of four years.

20pening of vaginel orifice.
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COMPOSITION AND PREPZHATION OF DIEIS
Steenbock ¥

Steentock V¥V, the ration fed the control group, con-

sisted of a baesel end supplewentery portion. The formula

of tke basal portion was as follows:

Yellow cornmgall ceessasccasesesbd,0 gm,
Crude casein seeseccssscossstece 500
Linseed me&15 4'...............16.0
Ground 8lfalfa™ .iecicecsscessss 2.0
Sodium chlorided ,eeeeceeceeees 0.5
Calci carbonate® .ececececsee 0.9
Yeast O....C.OOB.............. 105
Irradiated yeast®® .ccccecescsse 0.9
Whegat germ ...................10.0

150.0

33 2

2 333

3

1.
2,

3.
4.
S.
6.
7.

8.

8.

Purchased from Grain Storage, Iowa State Collegs.

Finely ground, purchased from the Wilkens-Anderson
Co., Chicago, Illinois.

Purchased from imes Grailn and Cosl Co.

Purchased from Ames Grain esnd Coal Co.

Purchased in local market.

Purchssed from Chemistry Stores, Iowa State College.

Yeast foam tablet powder purchused from Northwestern
Yeast Co., Chicago, Illinois.

Irradiated in 200 gm. lots for 20 min. at a distance
of 15 in. with & gquartz merocury lamp.

Pure, purchesed from Washburn Crosby Co., Minneapolis,
Minnesota,



The supplementary portion of the diet consisted of
milk, meat, and lettuce prepared and fed as follows: Dried
whole milkl was purchased in sufficient quantities for one
year's feeding. To prepare liquid milk for use, 130 gnm.
of milk powder wes mixed with 1 qt. of distilled water in
a Hobart mixer at high speed. One teaspoon of cod liver
0112 and 2 ce. of a solution® contalning small amounts of
potassium, manganese, aluminum, and copper were added to
each quart of drled milk,

The quantities of reconstituted milk fed are

described below:

iale 12,5 cc. daily
Resting female 12.5 oo, daily
Pregnent female 25,0 cc, dally

Lactation female 50.0 cc¢., daily
The lettuce consisted of discarded outside leaves
from head lettuce &and wes obtained from the iMemorial

Union Cafeteria or the Home Economics Tea Room. Fresh
leaves were chosen, washed in cold water, and 10 gm. fed

to each rat three times per week.

l. The powdered milk used wag Klim, & product distributed
by the Borden Co., New York. The milk purchased
represented winter milk from one day's run in the
fastory.

2. Refined Norweglan vitamin tested cod liver oil, U.S.P.,
imported by the Pearson-Ferguson Co., Kanses City, io.

3. The solution contains 0.08 gm. of potassium iodide,
0.316 gn. mangenese sulfate, 0.098 gm. potassium
aluminum sulfate, and 0.875 gm. of anhydrous copper
sulfate per 100 cc. of distilled water.



Raw beef round, freshly ground, was obtained from u
local market snd fed as the nmeat supplemsnt. The meat
was measured with an eluminus spoon celibrated t¢ hold
O gm. end was given three times esach week. iest and

lettuce were fed on alternate deys.

Pork I

The experimental ration containing pork had the
following composit ion:
Canned pork muscle (dried to one-

helf its origzinel weight)......25 gn.
Corngtaroh®ciccecccsccescsscescsccsscsedd

Yeastzo.. ssc0scsesenesecsssscccacsre *
Agar GBI cev0s000000000s000r0sesere & o
Naclé‘.....' 0 68 00060060000 00@ 000000 1 ”
Selt mixturs tescesesssssesessscscce & "
Butlerftateseegocevsosescscscssssrsseces 8
Cod liver 01l ..cceccecccccccocscccs & "

100 *

The quality of the protein in the ration was kept as
unlform as possible by purchasing green skinned hams in
lots varying in size from 300 to 1000 pounds. The hams

1. Purchsesed in the local market in 280 lb. lots.

2., Yeast foam tablet powder purchased from Northwestern
Yeast CO., Chicago, Ill'

3. Baocto-iger purchased from the Difco Laboratories, Inc.,
Detrolt, iich.

4. Purchased in local merket.,

5, Osborne, T. B., and iiendel, L. B., J. Biol. Chen., 37,
557-601, 1919.

6. Refined Norweglan vitamin tested cod liver oil, U.S.P.,
purchased from the Pearson, Ferguson Co., Kansas City,
A0



were stripped of excess fat, boned, and ground once
through the medium plate of a meat grinder. The ground
meat was packed in No. 2 enawmeled tin cens, 1 lb. to &
can; the cans sealed and processed in pressure cookers
for 65 minutes at 15 pounds pressure. After cooling in
cold running water, the cans were examined for leaks and
stared at room temperature until needed.

To prepare the pork for use the cans were openad,
all visibie fat removed, the contents spread out on metal
trays covered with cheese cloth and dried in & warm oven
at 90~100° C. One thousand egn. of meat was spreed on one
tray and dried to one-helf the originsl weight, which
usually required one to two hours,

The butterfat used was prepared from butter pur-
chased at the Iowa State College Dairy. Four lbs. of
butter were heated in a double boiler for two hours, The
coagulated protein and the salt which rose to the surface
during the heating process were skimmed off, the liquid
fat decanted and flltered through a plug of cotton in a
funnel with a copper hot watser jacket. The fat was
cooled and stored in the refrigerator until needed.

Various precautions were taken to prevent the
production of rancidity in the rations fed. The pork

dilet was pnrepered twice weekly by mixing in a Hobart
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mixer and stored in the refrigeratnr in closed, enameled
tin cans. TFresh dlet was glven the rats each day and the
uneaten portions discardsed.

The pork diet described, which was synthetie except
for the source of protein, was supposedly adequate for
the nutrition of the rat. Arustrong (1939) has discussed

the experimental evidence 1n support of this statement.

CARE OF ANLMALS

After reaching sexuel maturity the enimals were
kept in individual round wire mesh cages. These cages
were arranged on steel tlers and were placed in shallow
enamel pans lined with paper towels. Coprophagy was
prevented tc a large extent by the raised wire mesh
bottom of the cege, since feces and urine dropped through
to the absorbent toweling beneath.

Food and water were given ad libitum. The food was
offered in glass jars attached to the slde of the cage
by means of copper wire. Distilled water was provided
from glass bubble founteins inserted through openings in
the cages., The animals maintained on the Steenbock
ration received nilk daily in small porcelain cups held
in metal brackets. All dishes were changed three times a

week, washed in strong socap suds, and sterilized in live
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steem for 15 minutes. The cages, pans, water fountains,
and metal holders were washed and sterilized weekly.

The routine which was followed daily except for
Sunday, consisted of changing the paper towels under the
cages, observing the general well-being of the animaels,
filling water fouuntalns if necessary, and providing food.
The food consuusd by each rat receiving Pork I was
carefully weighed, enougzh food being glven each day so
that « surplus of from 2 to O gm. remained. This uneaten
porfion was discuarded on the following day. & double
portion of food weas given on Saturday. The quantity of
food consuued by the rats fed the Steenbock dlet was not
recorded, but an ample supply was always provided.

Each animal was weighed wesekly snd pregnant femsles
were welghed deily for the week preceding and the week
followlng parturition. In addition, the pregnant feumales
were welghed on the twenty-first day of gestation at
16 p.w., on the twenty-second at 8 a.m., 12 m., 4 p.u.,
¢ peMe, and 10 p.m., or until purturition occurred. This
frequent haﬁdling of the animal permitted the early
ouservavion of toxic symptoms, as well as the collection
of deta concerning the number, weight, and condition of
the young born.

As soon as possible after parturition the young were



counted and weizhed., The live babies were replaced with
the mother and the cage provided with nestiag psuper. The
lungs of the young found dead were removed and placed in
water., If the tissue floatszd it wes assuwed that the
indlvidual bad dravn sair iunto its luags and was therefore
born alive. On the fourth day ine litters were reduced
to 8ix in order to eyualize the straio of lactation cn
the amother, If the size of the litter permitted, three
males and three females were retalned. Those young were
chosen whose welghte most closely approeched the average
individual welght for the litter. If less than silx rats
had been born the wmother was perumitted to rear the whole
litter, The litter as a whole was welghed daily and the
meles and feneles were welghed sepsrately on the fourth,
seventh, fourteenth, twenty-first, =nd twenty-elghth days,
The litter was weaned when 28 days old &nd the individusal
weights recorded.

The temperature of the room in which the rats were
housed was kept as uniform as possible. An examination
of the dally records of the temperature showed a varia-
tion of from 75 to 80 degrees Fahrenheit. an attempt
was made to keep the air ocowperatively free from dust by
placing & clothL filter over the door into the hall and by

the use of an oily compound in sweeping the floor. The



rats were removed from the roowm once & month and the

rodm spreyed vwilth an iaosecticide.

VAGINAL SHEAR TECHNIGWUE

The animals were mated according to the vaginal
smear technique. The five stages that make up the
rhythmical changes occurring during the oestrous eycle of
the female rat may be followed by & daily histological
study of the cells of the vaginal epithelium (Long and
Evans, 1922). In order to obtain these cells for exami-
nation, the rat was held on her back in the left hand
with her head supported by the thumb and index finger.
The taill was held by the fifth finger of the right hand,
end a small glass rod (2 mm. in diamster), the ends
carefully fire polished, gently inserted into the vagina.
The rod was withdrawn and touched to a drop of distilled
water on a mlcroscope slide. 7The cells from the vaginal
mucosa, which adhered to the rod and were washed into the
water, could be ldentified easily by examination under
low power of a microscope using artificial illumination.

To avoid the possibility of spreading vaginal
infection the rods used were immediately placed in a

strong soap solution. Later they were washed with a

stiff brush, insertsd in test tubes containing about



S5 co. of water, the tubes plugged loosely with cotton,
and sterlilized for 20 minutes at 15 pounds pressure in an
autoclave,

The stages of the oestrous oycle were identified by
the kind of c¢ells predominant in the smear according to
the classification of long and Evans (1922). This
classification is shown below:

Stage 1. Epithelial cells, the pro-oestrous
period

Stage 2. Epithelial and cornified cells, the
oestrous period

Stage 3. Many cornified cells

Stege 4, Cornified cells and many leucocytes,
the metoestrous period

Stage 5. Leucooytes, epithelial and cornified
cells, the diocestrous period

Vaginal smears were examined daily at approximately
the saxe hour, and a record kept of the date, time of
day, weight of rat, stage of the ocestrous oycle, and any
observation concerning the physlcal appearance of the
female. After the birth of a litter the young were
wolghed daily and their condition noted.

The female rat will normally accept copulation only
toward the end of stage one and in the early part of
stage two, The study of vaginal smears was lnitiated
when the ret reached the age of eight weeks and at the
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second appearance of stage one or stage two, & brother
male was introdueed into the cage. The next day the
femele was examined for positive signs of mating, judged
by the presence of a vaginal plug in the vagina or under
the cage, or by the presence of sperm in the smear., If
mating had ococurred the male was removed but if no signs
of matlng were evident the male was left in the cage
until the appearance of stage three in the smear. If the
female refused to accept the msle for three consecutive
eycles, another male of proved fertility was used,

If the mating was positive, the smear was carefully
examined from the twelfth to the seventeenth deys for the
implantation sign as indicated by the presence of red
blood cells in the vagina.

Veginal smears were not taken on the virgin rats
studied, but all other rats were cbserved daily from the

ninth week until killed,
TREATMENT OF RATS BEFORE KILLING

Starvation

All pregnant animals except those of Series IV and
Series V were killed on the 21.5 day of the second

pregnancy. These rats had thus all undergone the strain



of one pregnancy and hud been given the opportunity to
rear ons litter. As soon as possible after the first
litter was weaned, or after the death of the first
livter, the mother was muted again. Thus, pregnant
females with silmilar previous histories, and spprosching
parturition, were studied.

It was necessary to starve sli aniwmals to deplete
the reserves ol iiver glycogel to a noraal level before
the sxperimental feediug. Cori (1926) starved his rats
for 48 hours and found that after starvation the aversge
liver glycogen conteunt of seven males wes 0,397 gm. per
100 ga. of liver. Other workers, for exauple, Gregg (1951)
and Wilson and Lewls (1830), have reported using a 24~hour
starvation period. Since many of the animels investi-
gated in the study here reported were preguuat and
epproaching parturition, it was Uthought thai even a
24-hour starvation period would impose too severe o
physical struin upon the animal. Comnsequeatly & l3-hour
period was chosen and the amount of glycogen deterwined
in livers removed from pregnent and virgin femules fed
the Steenboci and Pork I diets. The results are shown in
Table 3. Bxcept for one exceptionally high vuiue none
is as high us Cori's average, probubly because nmuscle

glycogen has not as yet been mobilized., Goldschmidt,



Vers, and Revdin (19¢39), on the other hend, report values
for liver glycogen after 24 hours of starvation that
correspond closely tc those obtuined in tals investige-
tion,‘iﬂg., 0.12 and 0.10 per cent. The eipsrisentsal
procedure used herein undoubtedly (Table 3) redvces
prefcorued glycogen to a unifora level,

The food was reanoved from the cage at 6 p.m. on the
twentieth day of gestation and the expsrimental fesding
begun at 7 s.m. on the following mornling. In view of the
late appearance of toxic symptoins it might have been more
desiravle to postpone the starving und feeding for 24
hours, but since acny litters are born before noon on the
twanty-second day, it was thought that the cccurreuce of
perturition befwre the tlssues could ve rewved for
enelysis would necessitate ths loss of tcu nany anlmals.

The virgios were killed when they were approximately
the same ege &s trhe pregnant females.,

411 snimals were welghed befors and after starvation

&nd thbe welghts recorded.
Method of Feeding
50114 Food

After the l3-hour starvation period, all animals in

Series I were given 4 gm. of the diet upon which they had



TABLE 3. GLYCOGEN CONTENT OF LIVERS OF FEM&LE RATS
FASTED VPREVIOUSLY FOR 13 HOURS EXPRESSED AS Gike

PER 100 Gu. WET wEIGHT OF LIVER

Pork I Steenbock V
Virgin Pregusnt Virgin Pregnant
. 0830 .0360 «4089 « 0477
« 13287 . 0463 .0894 « 0435
+ 2449 0347 «3013 « 0485
«1178 .0328 0879 . 0488
1.8296 0358 0832 0404
av.  Jlag6t . 0370 .1901 . 0480

1. This aversge does not include the extremely high

value. When included the average is .48l6.




been meintained. This saount was weighed on & trip
balence Into & suzll porceluin supplement dish end pizced
in the cage. it the end of four hours eny food remeining
uneeben was reaoved end weighed. The weight of food to
be offered tc the starved anisel was set at 4 gm. because
it wue desirable to provide us lurge &n wmount as most
animals would te eble to consume. The average welgat of
the food eaten aud the per cent of enimals that ate the
entire amcunt are shown in Table 4, W#ithout exception,
the virgin rets cousuuwed «ll the focd provided and the
pregnent ratsg reared on the Steenbock ration comsuuwed an
average of 5.9 gm. The fuct that the porx-fed ruts on
the whole ate less, uey have been due to lhe fact theat
they viere generelly in less vigorous physicel condition
than those reared on the stock dlet,

Three hours after the removal of the food cup, or
seven hcurs after the initiation of feeding the ruts were
«illed. Corl (1926) has stated that the meximum
glyecogen retention in the Liver occurs four hours after
the feeding of glucose solutions by mewns of & stomach
tube. Olnce the dlgestion and sabsorptlon time is wuch
shorter for glucose than for a solid ratlon such as
Steenbock V or Pork I, and siunce the solld food was

coansuned interaittently over a period of several hours,



TABLE 4.

POST-STARVAT ION FOOL CONEUWrLION OF RATS

FROu SBERI&S I AND SuRIes IX

Series 1 Seriles IIT
Steenbock V fork I Pork I

Fregunant| Virgin | Pregnent| Virgin| vregnent
Number of
animals 23 8 26 3 10
Av. wt,
saten
in gnm. 3.9 4.0 3.7 4.0 3.7
Per cont
of{ snimals
who ate
4 gn, 86.96 100.0 76.92 100.0 70.00




geven hours after the offering of food vas more or leas
arbitrarily chosen as the tiue of anaslysis,

The pork-fed animels of Series II were treated
similarly to those of Serlies I except that 4 gm. of the
Steenbock ration instead of Pork I were given after the
starvation period. The exact duplication of the experi-
mental procedure in the two groups made possible a direct
comparison of the glycogen content of the livers of these
aninals with that of the animals fed Pork I after
starvation for the detectlon of possible differences

caused by the quality of the post-starvstion diet,

Glucose Solutions

To avoid variations in both the quality &nd quantity
of the food given following the starvetion period, groups
of pregnant and virgin raets of Series III rsared on both
the Steenbock V and Pork I diets were administered &
known amount of glucose solution by means of a stomach
tube. The amount of intestinal absorption as well as
the quantity of liver glycozen was determined., The
animals were starved for 13 hours in the sane manner as
those of Series I and Series II; that is, the food was
removed at 6 p.m. on the twentieth day of gestation and

feeding instituted at 7 a.m. on the following day.
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The dextrosel used in making the soluticns was of
high quality and a sufficient gquentity was purchased for
the entire experiment. 4 50 per cent solution was made
by dissolving 12.5 gm. of glucose in warm aistilled water
in a 25 cc. volumetric flask, cooling, diluting to the
mark, and mixing. The solution was wade up about 18
hours before it was used and was stored in the refrigera-
tar to prevent chsnges dus to fermentation. 4 fresh
solution was made each tiwe glucose was administered.

In genersal, Cori (1925) used 2.5 oc. of 50 per cent
suger solutlons for comparative stud ies beceuse enough
sugar could be Introduced to allow absorption to procsed
for at least three hours. More concentrated solutions
were avoided because of thelir greater viscosity. He
observed also that if more than 2.5 cc. were given,
diarrhea appeared,

The method used far the administration of the glu-
cose solutions was essentially that described by Coril
(1225). A urethral catheter No. 8 was used for a stomach
tube and softened before use by plunging for a moment
into & beaker of boiling water. A 5 cc. Record type of
syringe which hed a metal plunger was used to measure the
solution fed.

1. Baker's Analyzed, purchased from Arthur H. Thomas,
Philesdelphia, Pennsylvania,
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In the morning, prior to the feeding of the starved
rat, the glucose solution was removed from the refrigera-
tor and wermed in a streem of hot water. The syringe was
filled with the warm glucose solution, air bubbles ex-
pelled, and the level of the solution ocarefully adjusted
to the 2.5 cc. mara. The catheter was firmly attached
over the hypodermic needle to the neck of the syringe.

In view of the voluwe of solution remaining in the cathe-
ter after feeding, &s shown by the analysis of the soclu-
tion carried on simultaneously, more glucose could have
been introduced into the stomach of the rat by using a
larger initiel volume in the syringe. If allowance is
mede for the volume of solution remaining in the rubber
tube, a volume of 3.0 oc. as measured in the syringe
would probably deliver about 2.5 c¢c. into the rat.

A small wooden block with & hole in the center, was
placed in the mouth of the rat to facilitate the intro-
duction of the tube. The size of this block was such
that it could be slipped between the jaws easglly without
oausing pain to the animel, The rat was held in a ven-
trel position in the left hand of one technician who
restrained the front legs with her thumb and fore finger.
She also, with her right hand, held the block betwsen the

teeth of the rat. A Becond operator then slipped the end
of the ocatheter through the hole in the mouthplece and
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gently introduced the tube into the rat's stomach. 4
mark on the tube was found useful as an indication of the
depth to which it had to be inserted. as soon as the
tube was in pluce, Uihs sugar solution was slowly expelled
from the syringe into the stamach. The entire procsdure
required only a3 few minutes and geusrally no difficuliy
was encountered. The rots seewed Lo experience littie
discomtort.

After the solution was delivered, the ocatheter with
the syringe still attached, was quickly withdrawn from
the oesophagus and the rat replaced in her cage.

The gquantity of glucose introduced into the stoaach
was determinsd far each rat. Corl (1325) estimated this
amount by delivering into & volumetric flask the seme
amoutt of sugar solution under exactly the sawe conditions
a8 when the rats were fed. Although not specifically
stated by Cori, apparently the residual contents of the
catneter were discarded sach time. This weilnud was used
for a few rats at the beglnning of the stuly here reported,
then & modificetion was practiced.

The medified method wes suggested by 21ercel and may
be described a&s follows: As soon as the cathetsr was

renoved from the cesophegus of the rat it wes guickly

l. Personal communication from H. B. Plercs.



placed in the neck of a 1000 co. volunetric flesk. The
syringe was then removed from the catheter axzd the con-
tents of the catheter riused Into the flask by repeated
washings wilh ddstilled water from s nearrow stream de-
liverad Ly & vwash bottle. The tube was reuwoved frow the
flask, the soiution diluted to the werk, wixed, wua ali-
quots teken for glucose analysis. The syringe was again
filied with the gluocuse soluticn to the 2.5 ce. mark, the
catheter attached, amd the solution introducea into a
second 1000 ce. volumetric flask. This time the catheter
wag held in the flask after the syringe was rewoved and
the tube washed inivo the flask in the wanner previousliy
desoribed. The solutlon was ulluted to the mark, mixed,
and alijuots removed for anelysis. 'lhus,the first flask
contalned the washings from the catheter znd the second
contained the washlings plus the eguivalent of the solution
received by the rat. The difference should represent the
amount of glucose aduinistered to the rat,

Xach method of glucose administration was tested.
Two rats previously fasted 'or 13 hcurs were fed 2.3 ce.
of & 50 per cent glucvse solution in tine manner described
for each procedure. They were killed limediestely end the
gaustrointestinal contents analyzed. The quantity of

reducing substance recovered in each test was coupared



with the quantity of glucose administered as calculated
from the analyses of the solutions. %The results vere ss

follows:

TABLE S, RECOVLEY CF GLUCOSL FROM INTAESTINAL TRACT

Glucose Glucoge Per cent
iethod adainisterad recovarsd recuverad
mg. Rng.
Cori
Ret no. 1 359,64 834,89 97.12
Ret no. 2 857.66 827.90 96,53
Plerce
Rat no, 1 855,36 858.98 100,42
Rat no., 2 87¢ .68 866,66 88.52

Description of inimels
The general physlecal condition of each animsl was
obgserved Just before it was killed. A4 reccrd was kept
acecording to the outline showvn in Form I in the appendix.
REMOVAL OF TISSULS FOR wlNaLlYSIS

ijethod of Killing the Animal

Certeain physicloglcal factors are known to influence
the glycogen content of the liver by producing marked
hyperglycemia. It wee obviously desireble to control
these factars in so far as possible in the period pre-

ceding the death of the animel. The method used to kill



the animel may also affect liver glycogen. Peters and
Van Slykel list the common physioclogical conditions which
deplete liver glycogen as starvation, exercise, und cold,
The control of the starvation factor has elready been
discussed. 3ince the rats were starved during the night,
fed in the morning, and killed about noon, they usually
slept during the intervening hours, so that the effect of
exerclse was probably negligible. The animais were kept
at the temperature to which they were accustomed walch
rules outl that varisable,

Various considerations were taken into uccount in
choosing the method for killing the animuls. The effect
of anesthetics upon blood sugar ievels and couseyuenily
upon liver glycogen is well known., Otander aund Hadelet
(1926) found that ether, chicrofora, wnd ulitrous oxide
produced marked hyperglycewia in dogs. Ravdin, Vars,
Goldschuidt, und [dingenauith (1938) observed that within
e few winutes followingladministration of un anesthetic a
hyperglycemia occurs which nearly always increases during
the period of anesthesia and results in a loss of llver
glycozen., IEpsteln and Aschner (1916), worxing with human
sub jects, concluded that anesthesla plays an important

role in the production of hyperglycemia after surgical

l. Peters, J. P., and Van sSlyke, D. D.
1931, Quantitative clinical chemistry, Vol. I.
Interpretations, willieams eand Wwilkins Co.,
Baltimore.



procedure. The action of drugs may be hypoglycemic or

hyperglycemlc depending upon the effect on the nervous

system (Peters and Van Slykel). The use of anesthetics
was therefore avoided.

Some workers, for exumple, Hrubetz and Dottl (1934)
and :ferble, Grafflin end Smith (1940) have decapitated
the animels, EKowever, loss of btlood is known to produce
hyperglycemia which accordiing to Epstein and Baehr (1914)
is a dompensatory respounse on the part o¢f the organism to
keep the total blood sugar up to a level commensurate
with the needs of the tissues. The effect of loss of
blood upon liver glycogen wes brought out in the course
of the experiment here reported by rat No. 26270 in
Series III. During the process of feeding, a toe nail
wes injured and some bleeding occurred durlag the four-
hour absorption period. Upon analysis the liver was
founéd to be almost depleted of glycogeun.

It was finally decided to stun the anlmals by a blow
at the base of the brain, then reuwove the tissues for
enelysis. This method was used by Cori and Cori (1526)
and by Gregg (1921) snd Las been 1n use in the Nutrition

Laboretory &t Iowa State College for sone years. It was

l. Peters, J. P., and Van Slyke, D. D.
1931. Quantitative clinical chemistry. Vol. I.
Interpretations, willlems and Wilkins Co.,
Baltimore, p. 112,



an additicnal adveantzge to use the saume wmethod which had
been practiced in other studies from this laboratory and

& metinod to which the workers were accustomed,
Removal of Liver
axtirpation of wuternel Liver

After the animal was stuuned it was firaly held in a
ventral position and an incision made on the ventral
median line extending from the anus to the diaphregm.

The abdominsl wall was cut transversely from the wmedlan
incision, thus exposing the viscera. Care was tuken to
avoid cutting the larger blocd vessels. )

The liver was removed a8 gquickly as possible by
severing the wmesenteric attachuments and the blood vessels.
Since glycogen is subjeoct to rapid post mortem changes it
was essential to work fast. The exclsed liver was blotiled
free of blood and any adhering fat or connective tissue
trimmed off. It was then divided approximately into
halves, each half ocut into strips and dropped into tared
tubes of potassium hydroxide. During these operations
the color and consistency of the organ were noted.

A8 soon as the liver was removed the medial abdominal

incision was extended anteriorliy through the dlaphragm

and the ribs to expose the heart &nd lungs to kill the



enimsl. In most cases the heurt was found still beeting,
Extirpation of Fetal Liver

The uterus of the pregnant animals was ligated at
the oviducts and the cervix, and removed by cutting pos-
terior to the cerviecsl ligature. Some fat and the
ovaries remained attached to the uterus when it was re-
moved. The intact organ was welghed roughly on & trip
balance and the weight recorded. It was then split
longitudinally and the number end condition of the feti
and the number of resorptlons, if any, observed. The
fetl, together with the placentae, were freed from the
uterine wall snd the stripped uterus weighed on the trip
balance. The corpora lutea were examined and counted,

In cases where the fetal livers were to be anaslyzed,
the feti were unesthetized by Injecting 2 very small
amount of nembutal (ebout 0.l co.) into the pleural
cavity. The liver was then exposed by making a medial
abdominal incision and two transverse incisions, end it
was removed with a pair of small foreceps. The livers
from all the fetil of one female were dropped into one
tared tube of potassium hydroxide. Some diffliculiy wes
encountered in removing the entire liver due to the ex-

treme friabllity and small size of the fetal organ. How-
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ever, the liver was very consplcuous dve tc its color and

size in relation to that of the fetus.

Removal of Gastrointestinal Tract

The gastrolntestlnal trect was removed for exemina-
tion from all animals composing Series III and Serles IV,
In generul, the method of removal was that described br
Cori (1925) and later by Wilson and Lewis in 192¢. Liga-
tures were placed around the cesophagus and the reotunm,
and the stomach, small intesiine, end whole large intes-
tine were cerefully detached from the mesentery and
placed on a paper towel, At this point originelly, the
tract was ligated posterior and anterior to the cecum
and the cecum only discarded. Later, following the ad-
vice of Piercel, the ligature was placed anterior to the
cecumt and the large intestine discarded as well, This
procedurs avoided contaminetion of the subsequent wesh-
ings with large amounts of fecal materiel, The method
prcbably introduced no apprecisble error because it is
believed that absorption of sugar is completed anterior
to the region disregarded.

Excess adhering fat and portions of the mesentery
were trimmed off and the whole intestinal tract opened

l. Personal ocommunicetion from H. B, Plerce.
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longitudinally end dropped into & beeker. This process
was found to be quite siuple if the trect were stretched
on & paper towel, one end picked up with the forceps in
the left hand, held over the beaker, and the point of a
palr of smell scissors inserted into the open end. The
organ wae slit rspidly by holding the scissors nearly
stationery and pulling the split portion into the beaker
with the forceps. In this wey nore of the contents of
the intestine were lost.

The instruments viere rinsed into the beaker with hot
distilled water and the tract rinsed repeatedly with
portions of weter. The washings wers transferred quen-
titatively into a 250 ce. volunetric fiask and set aside
for analysis.

Cori (1925) stated that therzs is little loss of
sagar due to bacterial action in the excised inteatine
during a period of three to five hours at 37° C. Jn this
basis it was thought that prcesdures in ths present study
might be facllitated if the tract ocould be frozen and
preserved for analysis on the following day. To test
this procedure a sterved rat was fed 2.5 co. of a 50 per
cent glucose solution in the manner previously described,
stunned immediately, and the gestrointestinal tract re-

moved and placed in a beaker of carbon dioxide snow. It



froze lmmedlately. The beaker was then packed in dry ice
and set away in the refrigerator. Twenty-four hours
later it was thawed at room temperature, split open,
washed, and the contents analyzed. Fermentation had

obviously taken place since the titration velue was con-
siderably reduced (15,40 cc. vs. an average of about
19.00 oc. observed on tracts enalyzed immediately),
Therefore, the plan was abandoned and all intestinal
tracts were washed immediately after removal and the

solutions analyzed within a few hours.

Examinetion of Iissues

After the liver, uterus, and gastrointestinal tract
had been removed and treated as described previously,
observations were made of the internal condition of the
animal snd recorded as shown in Form II (Appendix).

The relative amounts of fat in the subcutaneous,
peritoneal, omental, perirenal, genital, and intermuscu-
lar depots were noted. The liver was examined at the
time of its removal and the ecu.ll’'sn recorded after it
had been placed in the potassium hydroxide. The kidneys
were detached by cutting the renel tlood vessels, and
split longitudinally. The color and consistenoy of the

cortex, medulla, and pelvis were then noted. The pancreas
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had beurn chaarved at the tlme of removal of the gasiro-
intestinsl tract. The conditiocn cof tihc rsproductive
orzains of tue pregnant remules, nuavder ot feati, nuaber of
corpora luteAa,and nuaber of resorntions were recorded
vhen the uterus was reuoved. The stomach was split open,
washed 1n runnings water, and examined for ulears. The
lunze werae ranoved and studied for signs of infectiown,
snd the base of the ltongue and middle osr exposed for the
datection of pus poekets. sAny other abnormal conditilons

were reeorded,

CHRMTICSI, MuTHODS
Treatment gg.Liver
Treatment of ilaternal lLiver

Glycogen was determined essentially &s described by
Good, Kremer, and Somogyl (1933)., This method is &
modifioution end simplification cf the classic Pflugsr
(1904) method which makes it »nossible to perform the
enalysis in a few hours. The process was cerried on in
50 cc. Pyrex cantrifugs tubss with round dbottoms and
pourout apouts. s stated by Good et. al. (1933), the

round bottomed tubes make it possible to mix the sontents

by asitation vhile the use of nolanted sentrifuge tubas
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requires mixing with a stirring rod. These tubes were
plerced by two smaell openings on opposite sides near the
upper edge and fitted with a bail mede of fine non-
corrosive plano wire, so that they could be hung from the
beam of an anlytical balence. They were permanently
labeled by scratching numbers near the top with a carbide
pencil.

On the day that an animal was to be killed, two
tubes were charged with 8 c¢c. of 30 per cent potassium
hydroxide. This amount allows for approximately 2 cc.
per gm. of tissue, the proportion recommended by Good,
Kramer, and Somogyi. The potassium hydroxide was pre-
pared according to directions given in the appendix, and
each year's supply stored in a reagent bottle provided
with an automatic burette and fitted with soda lime
tubes. After the introduction of the liver, the centri-

fuge tubes were tightly stoppered with corks covered

with tin foil, weighed on an analytica;'balanoe,and set

eside until needed. The liver was removed, divided, and
submerged in the potassium hydroxide as previously
described. The tubes containing the liver were then
quickly weighed and immersed in a boiling water bath,
Ususlly about 10 or 15 minutes elapsed between the time

of stunning the rat and placing the second tube in the
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hot water. However, only about three minutes were re-
quired to open the animal, remove the liver and drop it
into the potassium hydroxide. Wilson and Lewis (1230)
found that no noticeable destruction of glycogen ocourred
in the time elepsing between the slaughter of their
animaels and the heating with alkeli.

The tubes were kept in a boiling water bath one-half
hour or until & homogeneous solution was formed. It was
found that occasional gentle agitation facllitated the
solution of the lliver end prevented small bits of tissue
from drying to the sides of the glass. The tubes were
removed from the water bath, cooled in & stream ¢f water
and the glycogen precipitated by the addition of 9.8 co.
of 95 per cent ethyl alcohol; 1l.e., 1.2 volumes in rela-
tion to the original volume of potassium hydroxide. The
tubes were carefully shaken to mix the elcohol and the
alkaline liver solution and then replaced in the bolling
weter bath until the mixture began to boil., During this
heating the precipitete became more flocculant and began
to settle out. Cori and Cori (1233) found thet heating
after precipitation mekes the glycogen stick to the glass
more realdily after centrifugation. During the heating
care had to be teken lest the mixture froth and boll

over., The frothing seemed to ocour with the extremely



yellow livers end way have been due to the formation of
sogaps with the liver fat. The tubes were reamoved, cooled
to roowm tewmperature and centrifuged for 10 wminutes with
the rhecstat set at 1l4. The centrifuging caused the
slycogen to adhere to the bottom of the tubes, so that
the mother liguor could be easily decanted. Qcoasionsally
when only smell amounts of glycogen were present the
precipltats was not completely thrown down by centri-
fugation. 1In such cases, the mixture was shaken up and
recontrifuged for a longer perlod. 4after decantation end
draining, the excess alcohol was removed by heating for a
few aminutes on the water bath. |

Cori and Cori (1933) advooated redissolving the
precipitated glycogen in water and rsprecipitating it.
Conseguently 4 c¢c. of hot water were added to the pre-
cipitate and stirred with a fine glass rod. The glycogen
dissolved and wes then repreciplitated by the addition of
9.6 cc. Of 95 per cent alcochol. The alcohol was added
from a pipette in such a munner as to wash off the stir-
ring rod and the sides of the tube. The mixture was
again heated to bolling, cooled to room temperature and
recentrifuged. The precipitated glycogen was now falrly
white in color and the supernetant liguid, a clear amber

fluid, was poured off. The excess alcohol was &gain re-



noved by heating snd 10 ce. of norual sulfuric acid
added. The tubes were leosely covered with tin foil,
replaced In the hot water buth end hydrolyzed for thres
hours.

Sshyun and Alsberg (1931l) concluded that sulfurie
acid could safely be substituted for the hydrochlorie
acid used by Pfluger for the hydrolysis of glycogen.

Date preseated by these workers indicate that while 90
minutes were suffieient for the hydrolysis of the glycogen,
no appreciable destruction of suznr took place beyond

that time. Consequently, the rrocedure of Cori and Cori
(1933) was followed in the present investigatlon and a
three hour hydrolysis period used as In the originsl
Pfluger method.

Lfter hydrolysis the tubes were tightly stoppsred
and stored at e low tempereture in the refrigerator uatil

glucose dsterminatiors could be made.
Treatment of Fetal Liver

The fetal livers were treated similarly. The livers
from one litter were pooled, as was previously mentioned,
and due to the cowmparatively smaller mass of tissue to be

dissolved, only S co. of potasslum hydroxide wes used.

The glycogen was then precipitated with 6.0 cc. of 85 per
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cent alcohol, dissolved in 3 ce. of water, reprecipitated
with 6,0 co. of alcohol and hydrolyzed with 5 cc. of

normal sulfuric acid for three hours.

Treatment 22 Gastrointestinel Contents

The contents of the gastrointestinal traoct were
washed into & 250 cc. volunetric flask as has been
desoribed. While still warm from the hot water used in
washing, 5 cc. of 3 per cent acetic acid, 5 ce. of 10 per
cent sodium tungstate,and § cc. of 0.66 normal sulfuriec
acid were added to precipitate the proteins, iilller end
Lewls (1932) used like amounts of sodium tungstate and
sulfuric acid and Wilson and Lewis (1929) stated that
5 eo. of 3 per cent acetic acid provided an optimum pH
for the precipitation of proteins., The contents of the
flask were cooled, diluted to the mark, mixed and fil-
tered through filter paper with a suection filter. Ali-

quots were taken for analysis.
Glucose inalysis
Details of Technique

When the tubes of hydrolvzed glycogen were taken for

enalysie the contents, first, were trensferred guantita-

tively with smell aemounts ¢f warm distilled weter to
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50 oc. volumetric flasks. A4 few drops of phenol red were
added as an indicator and the acid contents neutralized
by slowly adding &pproximately norwal sodlium hydroxide
from a pipette, 4sfter the color of the solution turned
red, a drop or two of normel sulfuric acid was added until
the yellow color returned. Good, Kramer, and Somogyi
(1933) added base until the hydrolysate was neutralized.
However, since the copper reagent to be added was alkaline,
Shaffer and Somogyl (1933) recommended tnat the solutions
be made slightly acid.

The contents of the flasks were diluted to the mark
and mixed. Dilutions were made and sligucts taken for
analysis according to the amount of glucose prasent. For
example, the solutions from the starved rats contained
much less glucose than those from the animals of Series I
snd Series II.

The method described by Shaffer end Somogyl (1933)
was used for the glucose determinatlions. The stock
solutions were prepured according to directions glven in
the appendix.

¥ith an accurate pipette (B.S.), § cc. of the suger
solution was mcasured into a Pyrex test tube (25 x 200
mm, ), followed by 5 cc. of the copper reegent added in a

manner to rinse the sugar solutions from the walls of
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the test tube. Each day an anlysis was made, blanks were
also run by measuring two  cc. portions of water instead
of éugar solutions and adding 5 cc. of the copper reagent,
The solutions were mixed by gentle shaeking and the tubes
covered by sealed glass bulbs. The tubes were placed in
a metal test tube rack holdaing 18 tubes. The rack was
then hung in a vigorously boiling water bath for exaetly
15 minutes, an interval timer being used, At the end of
this perlod the rack and tubes were reacved to a pan of
cold water,

When cooled to slightly above room temperature, 2 co.
of a solution containing 2.5 per cent of potassium iodide
and potassium oxalate was added. Next, 5 co. of normal
sulfuric acid was added, the bulbs replaced and the
solutions mixed well to dissolve the cuprous lodide which
precipltated. After standing (covered) 5 to 10 minutes,
with occasional agltation, the bulb and walls of the
tubes were rinsed with water and the solution titrated
with .005 normal sodium thiosulfate. When the brown of
the 1cdine liberated faded to a straw color, 1l cco. of
starch indicator was added. The end polnt was reached
when the dark blue of the starch solution changed sharply
to the green blue of copper sultate. For use during
titration, stirring rods were made by coillng a piece of

fine glass rodding at one end.



The titratlon value was subtracted from the heated
blank titration und the titration difference corrected by
d factaor if the thiosulfate was not sxactly .009 norumal,
The preparation and staendardization of the thiosulfate
are glven in the appendix. The amount of glucose per
5 co. aliguot of sugur solution was caloulcted from a
regression based or analyses of purc glucose solutious of

known concentiration.
Celculetion of Glucose

The first copper reuzent was prepared im 1938. It
was standapdized agasinst solutions containing known
amounts of glucose and a regression calculated in the
following manner,

Seventeen glucose solutions were prepared contalning
quantities of glucose varying from 0.1596 gm. per 1., to
0,3016 gm. per 1. Five co. aliguois of each of those
solutions were analyzed according to the method previously
desoribed. Analyses were run in duplicate or triplicete
and some of the solutions were analyzed on successive
occasions. The composition of the glucose solutions and
the volumes of 0.005 normsl sodium thiosulfeate equivalent
to each are shown in Table VIII (ippendix). The volumes

of sodium thiosgulfate were plotted against the mg. of



glucose present in each aliguot. It was observed that
the relationshlp was linear, Consequently a linear re-
gression was calculated, using the statistical method
described by Snedecor.l The relationship is expressed by
the equation: E=10,0808 X - 1.3059. In the calculations
the symbol X was used to represent mg. of glucose per
aliquot analyzed and the symbol Y to represent ce, of
+005 normal sodium thiosulfete. The symbol I of the
equation represents the estimated velue of the volume of
sodiua thilosulfate, or the predicted value of Y,

The two means, expressed as ¥ and ¥ were 1.1315 and
10.10, respectively. The regression line was drawn by
locating three points by calculating the values for E
when X equals 0.7980, 1.4130, end 1.0085. The line was
found to pass through the pcint located by the two means
(X, Y)e The verilous points as plotted, the regression
line and regression equation are shown in Figure 2,

Copper reagents prepared in 1940 and 194l were
standardized by unalyses with four new gluocose solutions.
The composition of these glucose solutions and the
average equivalent volumes of the .005 normal sodium

thiosulfate equivalent from duplicate titrations of each

1. Snedecor, G. W.
‘1938, Statistical methods. Colleglate Press, Inc.,
Ames, Iowa. Revised ed. p. 114-115,
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wilith the twe copper reagents cre shown in Talle IX
(4ppendix). Thesde oizkt polnts were plotted on the graph
drewn yreviously fcr the first copper rergeut wnd were
found to lie upon the regresslion line (Figure 2). The
regression eguation, Z=10,0808X - 1,3059, vwwes useqd,
therefcre, for the calculution£ cf «ll unkrown glucose
values, the volune of the 005 normal sodium thiosulfate

belng substituted for Z.
Calculation of Glycogen

The woelght of glucose, as calculated, was converted
to glycogen by the use of the factor 0.927 (Pfluger,
1004).
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REVI&% OF LITERATURSE

Someone has called the liver the "watchdog of metabo-

lism" and e study of the multiple hepatic functions mekes

the aptness of the phrase evident. The importence of the

organ and its capacity to carry on many metabolic reac-

tions are well known. In fact, becsuse of its versa-

tility, some processes, whose sites are unknown, are

ascribed to the liver without experimental evidence.

It is generally known that the liver takes part in

the following activities:

1.

2.

Se

4.

5.

6.

7.
8.

9.

Secretion of bile

Erythropoiesis in the embryo

Destruction of erythrocytes

Detoxication of poiscnous substances brought
to it by the blood

Removal of particulate substances from the
blood

Deamination of amino acids and formation of
urea

Destruction of uric acid

The desaturation of fatty acids subsequent
Yo thelr utilizetion by the tissues

Formation and storage of glycogen and



regulation of the glucose content of the
gystemic oirculation
Other miscellaneous functions are attributed to the liver,
such as the production of substances which prevent and
cure anemia, the formation of blood proteins, the forms-
tion of heparin, the production of ketone bodies, the
metabolism of bile salts, and possibly the metabolism
of cholesterol,

In the present discussion we are not particularly
concerned in the first five functions listed above.
Interest has been centered on the metabolism and storage
of food in phe liver. In an interesting review article,
iiann (1937) discusses the "role of the liver as the
commissariat of the body", and summarizes the most
significant faets concerning hepatic activity in mein-
talning the food supply to the body tissues, 1t is the
duty of the liver to provide a constant stream of food
material to the cther tissues. kenn discusses this
function in reiation to the storage of food materials,
manufacture of food, end mechanlisms of regulation. These
functions will be described very briefly in reference to
the three main classges of foodstuffs.

Proteins leave the digestive tract in the form of

amnino acids and are carrled to the liver by way of the

portal vein., There they are stored temporarily, then a
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certain proportion of these are built into body tissue;
the excess deaminized by the liver, and the remaining
perts burned or converted into carbohydrates. Bollman,
senn, end kagath (1926) demonstrated that deeminization
is dependent on the liver since it did not cecur after
the liver was removed. The ammonie split off during
deaminization is converted into urea. That urea forma-
tion is the exclusive function of the liver, was proved
by Bollmen, Mapn, and ikwagath (1924) in & very claver
series of experiments on dogs, lnvolving the removsl of
kidneys and liver. Schmidt end sllen (1338) indiceate
that the Krebs and Henseleit theory of the mechanism of
urea formation is quite generally accepted. Chemical
reactions between ornithine, carbon dioxide, smmonia, and
water, brought about by actlons of enzymes, including
argenase, form the basis of the theory. These workers
built their conclusions upon observations of reactions
occurring in tissue slices placed in appropriate physio-
logical solutions. Of the tissues studied, the liver
only was capable of forming urea,

It wes believed by “Pfluger that there wes a special
form of storage protein which corresponded to glycogen
a8 the storage form of carbohydrate. But Luck (1936), in
a study of rats reared on high &and low protein diets,

concluded that none of the liver proteins cen be singled



out as a reserve of labile protein, and that all partici-
pate equally in the storsge ct ;roteins,

The liver is known tc play an impertant part in fut
metabollisu and to be importent as a fat depot. The depo-
sition of fat in the liver uey assume pathological
importance. Cempbell (1940) has outiined the literature
in respect to the production, the cure, and the prevention
of fatty livere,

Fatty acids, coaing fram the fat stores of the body
or from the food fed, are transported toc the liver by the
blood. One of the first steps in their utilizetion is
believed to be & dessturation, siuce the lodine numbers
of the liver fal are higher than those of the source
fatty acids {(Leathes and Raper, 1925). They mey then be
converted into phospholiplds, and after desaturation &and
phosphorylation are oxidized. The beta oxidation theory
of Knoop probably explsins the principle acde of oxida-
tion (Sherman, 1038). iann says in his discussion of fat
metabolism:

*l, The exchange of fat in the liver is an
extremsly important process;
2. It is difficult of investigation; and
3. Some progress is being made but not
commensurate to the importance of the

sub ject.®



The reletion of the liver to the metzbolism and
storage of carbohydretes is of snecial interest in the
preseat study. Claude Bernzrd, the great French physi-
ologist, first traced carbohyirates through the labyrinths
of wetabolism (Olmsted, 1938). His beslc dewonstration
proved that glucose 1s present in the blood. Then in a
classic experlment, Bernard, after feeding a dog meat,
found that blood from the portsl vein contained no sugar
but that blood from the hepstic vein did. He concluded
that the glucose must have come from the liver and in
1850, published e peper in the Proceedings of the Academy
of Sclences (of France) in which he announced a new
function of the liver to which, later, he gave the name
glycogenesis., He termed the hypotheticel storage
gsubstance, glycogen. By xarch, 1857, Bernard gave
direotions for isolating glycogen, which are practically
the same as those used today. Although all the theoriles
edvanced by Bernard are not accepted today, certain
clean-cut facts are the foundations of our present
knowledge of carbohydrate metabolism. These principel
facts sre: sugars are carried to the liver in the portal
blood, excess carbohydrate is stored in the liver as
glycogen, 1s releassed again into the blood as glucose and
finally oxidized to carbon dloxide and water,

Sugar is also stored in the muscles as glycogen but



the percentage composition of the liver is higher and
only the glycogen of the liver is capable of Leing trans-
formed into glucose and mobilized for the use of the
tissues. It 1s interesting that even in the ubsence of «
dietary source of carbohydrate, glycogen is present in
the liver. The liver has the capacity to use body
proteln and fat as a source of glycogen.

The amount of glycogen present in the liver is
extremely varieble eand changes occur rapidly. Little is
known about the sctual chemical processes taking place in
the liver cells which change glucose to glycogen (glyco-
genesis) and which transform glycogen back to glucose
(glycogenolysis). BEnzyames are no doubt involved in these
reactions. It is evident that there are extremely
delicate mechanisams which regulate these transformations
and supply a constant stream of glucose to the tissues of
the body. When the liver is removed, hypoglycemisa results
and the animael dies if glucose is not administered.

It is known that hormones secreted by the endocrine
glands have to do with the metabolic processes taking
place in the liver. iluch research 1s being conducted in
an effort to make clear the complexities of the relation-
ships involved. idering and iiinkowskl (1890) in a clascic
piece of work on depancreatized dogs, discovered that re-

moval of the pancreas results in hyperglycemia and



glycosurie., Later, Banting and Best (1922) found that

& hormone which they callad insulin is secreted by the
pancreas and that this hormoue has to do with the ragula-
tlon of carbohydrate metabolisu. The injection of
insulin restores tc the dspencrestized animal its ability
to utilize sugars and glycogen is deposited in the liver.
If Insulin is edwlnistered to the norual animel there is
& fall in bloocd suger.

Injecticn of epinephrine, on the other hand, ceuses
Increased zlycogenolysis and the effect is nyperglycemisa.
Britton and Silvett (1932) believe that removal of the
adrensals is followed by hypoglycemie and a reduction of
glycogen in musele and liver, but ifann says such findings
have only oceasiopslly been noted in hls asdrenalectomized
dogs. There is epparently an antagonisu in the effects
of 1nsulin and epinephrine. In an experisent with human
sub jeets, Asmussen, Wilson, and Dill (1940) found that
during muscalar exercise the administration of epinephrine
inersased the blood sugar level, insulin deoreased 1it, und
injeetions of both caused small fluctuations. Cori and
Cori (1928a, 1828b, 1928c, 1930) have reported the
results of an intensive study of the mechanisms of
epinephrine sction in which they concluded that decrcased
utilization of blood suger plays en importeunt part in

epinephrine hyperglycemie end that Insuliln is an



inhibitor of the hepatic glycogencolysis accelerated by
epinephrine, Slnce it is believed that there is an
increased output of epinephrine during emotional states,
fear and exclitement should result in increased glyco-
genolysis and thereby ceuse a variation in the glycogen
content of the liver,

liore recently there has been mentioned a relation
between the hormones of the anterior pituitary and carbo-
hydrate metabolism. It has been shown that when the
pancreas is removed in a dog, the resulting diabetes
will disappear if the anterlior pituitary is also removed.
ljarks and Young (1938) demonstrated that rabbits receiving
injections of anterior pituitary extrasot during s 24-bour
fast showed higher concentrations of glycogen in the
liver and muscles, then did the controls. Kkussell (1936)
stated that hypophysectomized rats lose body carbohydrate
at a greater rate than do normel animals. The hormone of
the pltultary glend having the effect of raising the
blood sugar level is sometimes cealled the disbetogenic
hormone (Wolf, 1940) and there has even been postulated a
pancreatropic hormone whose action is antagonistic to the
dlabetogenic one.

Menn says that hepatic activity oan be changed by
hormones by effecting: (1) the rate of body metabolism,
(2) the intrinsic mechanism of the liver, either for
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storage 6r manufacture of food, and (3) the amount of
avallable food materials reaching the liver.

Various factors besides the action of horumones
affect the amount of glycogen found in the liver st a
given time. Some of these factors are: the amount and
character of food ingested, extent of bodily exertion,
sex, species of anlimal, and the diurnal cycle.

The smount of glycogen stored 1n the liver can be
varied greatly depending on the guantity and quality of
the food ingested. It is possible, by continuous intra-
venous injections, to increase the stores of glycogen in
the liver, far above the normal limit. Dukes (1937) says
that in dogs, heavy carbohvdrate feeding may increase the
percentage composition of glycogen in the liver from 3 or
4 per cent to 12 per cent. Butsch (1932) found that the
liver of dogs could store glycogen up to 20 or 25 per
cent.

MecKay end Bergmen (1933) measured the rate of
glucose absorption and glycogen deposition in the livers
of rats fed glucose after having been reared on diets
high either in carbohydrates, fat, or protein. They
found that hepatic glycogen was synthesized &s rapldly on
all three diets. They concluded that the pre-experimental
diet had no effect after 24 and 48 hours of starvation

upon the rate of glycogen deposit in the liver after
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feeding zlucose. Grelsheimsr and Johuson (1930) fed test
dists containing 87 per cent of the calories in the form
of sucrose, lard, or casein to rats. The animalgs were
killed without starvation and the concentration orf
glycogen in the liver determined. While the qusntivy of
the carbohydrate was significantly higher in rats on the
high sucrose diet, it was lower on lard sud casein than
on the control diet. A close reiationship was found
between the gquantity of foud wsking up the last 12 hours
of food intake and the liver glycogen content. Glycogen
is probably nct readily foried on & high lard dlet.

It is well kncwn that increased eneryy requirements
aue to bodlly exertion resuit in depletion of the
glycogen stores of the body. .s Howell (1927) says,
workers cgree that glycogen dlsappesrs from & wuscle in
proportion to its funeticnal activity. Since muscle
gluccae 13 replaced by glucose from the blood, which
results in large part from the breakdown of glycogen in
the liver, liver stores of glycogen are also depleted by
muscular activity. Various procedures have been adopted
experimentally to deplete the muscles or liver of their
glycogen. Nutter (1941) worked out a system to fatigue
rats, thereby lowering thc Stores of glycogen in the
liver, to secure a base-line value for the recovery of

glycogen in further experiments. The rats were forced to
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sala until exhausted (a psricd of eabout 10 aours). It
was found that while fatiguing exercise during a pericd
of fastling decreased the'muscle glycozea to much lower
levels than fasting alone, it reduced the liver glycogen
only slightly more than fasting a2lone. Other forms of
exerclse, such &8 running in revolving cages, running on
a treaduill, or muscular contractions caused by electrical
stimulation, are sometimes used as experlrental procedures.
Grelsheimer (1931) pointed out that muls rats fed on
various dlets had higher liver glycogen and lower liver
fat than did females on the same diets. beuel ot al have
investigated this sexual varistion in & series of experi-
ments (134, 1837). 'They found that the concentration of
glycogen in the liver of mele rats waes higher thar in
fenales for all pericds of fasting up to ¥6 hours after
adninistration of glucose. In the earlier work (1934),
no differences were found in unfasted male and femule
rats. In another study (1937} with a large group of rats
on high fat diets, the relative sonceantration of liver
glycogen in the female averaged about 60 per cent of that
in the males., In normal and adrenalectowized rats, the
saue laboratory (1937} reported & sex difference in the
formetion of glycogen followlng administration of glucose,

~and that the rate of glucose absorptlon is higher in the



teacle ther the male. They ianvestigoted the effeet of
tge upon ihe sexuel varlation in the content of glycogen
in the liver anda found no sexual &iffercrce in rets 29 to
¢C deys cf upe nor in old rats (17 to 24 mouths). With
slie exception of these groups, the values were consiste
eutly lower in the femzle thar in the meles. oLinee the
effeet is not observed in the cld or young aniumel, iLeuel
and coworkers believe thut the alteration is referable to
the sex glunds. They believe that there may be &n
inhibitory glyccogenic effect caused by the overy rather
than a stlimulatory effect on glycogenesis truceable to a
testicular secretion in the male. The higher food con-
sunption by the males was not responsitle for the
differcince since it occurred when no variution in food
intake on the weight basils could be shown.

There i3 also & difference in the oontent of glycogen
in the liver in normal animals of various species. DLukes
(1937) gives the following values: rabbit, § to 7 per
cent; dog, 3 to 4 per cent; ewe (pregnant), 3.8 per cent.
mearble, Grafflin, and Smith (1940) iun an investigetion
presenting data on normal vzlues of glycogen in the liver
of guinea pigs, found averages of 6.16 and 6.98 per cent

in two series of male animals. spparently the relative

amount of glycogen in the liver of noraal guinea pigs is



-74-

higher thas 1in rats, (See Table 6). i cyclle variation
in hepatic actlvity hus sometlmes been described. igren,
wilander, snd jorpes (1931) reported chenges in the
glycogen coutent of tine livers of well-fed mice, which
they believed to be independent ol the intake of food,
wut to be dependent upon "asironomle factors®. The
iivers of these mice coutuined amore glycogen during the
nizht, than during the day. kLiggius, Derkson, aad Xlock
(L933) furtner investigated this so-culled diurnal eflect,
by truinlog cuts to eat at various two-hour pericds
during tihe tweuty-four hours, theu killing the aviwmuls
8ix hours ufter suting 10 gu. of {ood and debteruining the
concentration of Zlycogsn in the liver. Under these
gircuwmstaluceg, the diurnal variatlous were not cbservoble
and these workers believe that cyclic changes in the
livers of rats wioss coasuapllion of fooud is rigidly con-
trolled srs dependent ou the physlolcglcal factors
associated with fesding.

ol the otber hand, Deuel 2nd cowerkers (19%8; ob-
served a diurnsl variation in the level of glycogen in
the livers cf unfasted rate having asccess to & stock dilet.
The liver glycogen in mamles varied frow 4.74 per ceul &at
4 &.2. Lo 1,88 per cent @t 4 p.is o simllar cycle was
noted witk fewales, wlthough the peaks were delayed.

These varieations, however, woy have been due to the
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periodicity of food consumption since the rat is a
nocturnal feeder. vhen & glucess Lest meal was given
after a rasiing pericd znd tue deteruwinaticas ot glycogen
made aiter 1z hoﬁrs, a very constant leveld was ncicd for
each sex at the 4-hour lntervals studled throughout the
daye. ‘These workers also ccnclude thet the diurnsl
variations are of aletary origin.

The relation vetween the fat and glycogen content of
divers is of speciali interest in the present study.
rosenfeld's coumments (1%02) on the antegonisa between fat
aind glycogen have alrsady been discussed. «aan (1557),
seys that since changes in fat contsat ci the liver ocecur
wore slowly then those in glycogen content, it is possible
for the liver to have toth z high glycogen und fat
conteat. Ir gencral, when The coutent of cue is
increasing, the cihiexr is decreasing, so they mey be sgald
to have a reeiprocal rciationship to each otlher. Goodale
(1937) described a patleunt who died of hypogliycewmis
following the destruction ot giycogen storses of lhe
liver by fat inflltretion due to excessive &lcoholisu.

He suys that when the glycogen storege funciion of the
iiver is impuired, fet ilnfiltration is increased. Lhis is
in sgreewent with Lkossufela wiho suggests thal ilvers with

a high glycogsu content refuse Lo take on fat wnd thuat



the antagonism between fat and glycogen protects man from
the systematic appearance of fatty livers.

Bodansky and Bodansky (1940) mention several cases of
fatty metamorphosis of the liver aud its reiation to
hypoglycemia. One patient showed severe hypoglycemia
which could not be relieved by adminlistration of glucose.
A4 study of a small pleoce of liver removed by biopsy,
showed fatty metamorphosis. An infant exhibiting hypo-
glycemia before death, showed fat replacement in the liver
cells and no glycogen. The authors in summarizing, say
that hypoglyocemia is the outstanding finding in oases of
fatty infiltration of the liver.

There is some evidence that there is a disturbance
of carbohydrate metabolism in the toxemias of pregnancy.
Titus and Dodds (1928) investigated the theory that carbo-
hydrate deficiency may be the chlef factor in the causa-
tion of pregnanoy toxemias, They found fluctuations in
the blood sugar level during eclampsia and believe that
eclamptic convulsions are hypoglycemlec reactions. The
authors alsoc state that the tendency to low blood sugar
values in patients with hyperemesis gravidarum indicate
glycogen depletion end that the lowest velues indicative
of the most profound glycogen depletion were seen in the
sickest patients,

Slegel and Wylie (1933) investigated the olaims of
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Titus and Lodds and found that while fluetuations in
blood suger in eclampsia with & tendency to lower blood
sugar levels occurred after each convulsion, the
mejority of patients were hyperglycemic. However, in
preeclampsia low or subnormel blood sugsar was cherac-
teristlc. 3iegel and Wylle also believe that eclampsis
i1s accompznied by unstable carbohydirate metabolism. In
disagreement with the preceding reports, .iays end ioeCord
(1935) stete that neither hypo- nor hyperglycemia is
characteristic of eclampsie and thet the absoluts blood
sugar concentration has no effect whatever on the
incidence of convulsions. Rowe et al (1936) present the
results of a study of carbohydrate metabolism in 50
pregnent women, exhibiting some form of toxemis. 1In
toxlie pregnancy, there was no greater incidence of
glycosuria than in normal pregnancy. Toxemia produced
no change in the blood sugar levels, but a study of sugar
tolerance indicuated that toxic pregrancy prcduced marked
change in gelactose and levulose metabolism.

It will be noted that there is lack of &greement
concerning the state of carbohydrate metabolism in the
toxemias of pregnancy, but the possibility certainly

exlists thet derangsuwent may oocur.

From the experimental standpoint, there have been
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very few studies dealing with cerbohydrate metebolism in
ebnormel pregnancy. However, the following studies are
of importance in this connection.

In an investigetion of the pregnancy diseese of
ewes, Roderick, Harshfield, and iierchent (1933) compared
the concentration of glycogen ln livers of diseased ewes
to that in normal control ewes. The glycogen in the
liver was reduced from an average of 3.76 per cent in
normel ewes to 0.3l per cent in ewes with the pregnancy
disease. The lowering of the liver glycogen resulted in
a frequent lowering of the blood sugar level. Roderick
and coworkers feel that injury to the liver, with its
deposition of fat, results in an inability to store
glycogen and exhaustion of the endogenous supply of
carbohydrate necessery to protect the animel from
acidoslis. Hypoglycemle 1s correlated with a loss of
liver funection,

In & further study of the pregnancy disease of
gsheep, Hoderiek and coworkers (1937) produced acetonuria
and acidosis and other symptoms of the pregnancy disease
by withholding food from pregnant ewes. ZFatty livers
were found in starved ewes and lembs. The authors
conclude that pregnency disease is definitely related to
carbohydrate metabollism, and that with an lnadequate



carbohydrate intake, glycogen is withdrawn frau the

liver, and fat takes 1ts place. They imention unpublished
data to the effect that fetul lambs store glycogen prior
to parturition, and that as high as ¢ per ceal of glycogen
has been found in the fetal livers--a value two to three
tines higher than thet present in the maternal liver.
Tatty livers, lnduced by starvation, were cured by feeding
the aniualgs unvil kstosis dilsappeared. As Roderick says,
this deuwonstrates the reversibility of the reaction
between the presence of glycogen end fat in the livers

of sheep.



RASTULS AND DISCJoSION

Sahkles I

Steenbock V Virgins vs. Pork I Virgins

The quantity of glycogen present in the livers of
virgin rats rfed the two test dlels was Iirst studied.
‘Lhe concentration of liver glycogen was deterwined in a
group of virgin reats reared on the stock dist, designated
s Steenbock V, and in & group of virgiu rets reared on
the experimental diet, Pork I. These animals, after a
lé-pour tast were offered 4 gm. of the diet on wnich they
had been maintained, and the tissucs removed for analysis
after a seven-hour interval. 4nslytlcel resulis, weights
and ages of the animels, and liver weighta are presented
in Table XI end Table XII (Appendix) and are summarized
in Table 6. The two groups were very similar in regard
to ege and body weight at the time the detsruinations
were made. The liver weights, total quantities of
glycogen in the liver, and percentages of glycogen were

compared by means of a statistical analysis (Table 7).



TLiBLE 6.

AVERAGE CONCENTRATION OF GLYCOGZEN IN LIVER - SERIES I AND II

Diet

A

Reproductive Nuusber wt, age wt. Wt of rer Cent
status of of of of liver of
rats rats rets liver glycogen | gl
£a. ke days Eide £g.
Fork I Virgin 8 173.7 | 162.1 | 5,.6998 231.89 4,08
Fregnant &8 236.,0 ] 142.6 | 7.5217 193. 24 2.57
Steenbock V | Virgin 8 |178.8|149.5 |5,9858 | 215,11 3,58
Pregnant 23 282.9 | 146.9 | 7.7434 246, 20 318
Pork I Fregnant 10 251.4 | 117.4 |8.8367 201,60 2.34

(series II)




TABLL 7.

AUALYUTO OF VALLGICL o WoICHTS wi LIVik D

GLYVJGunv Ly LIVEAS of VEIRGIN Ralc #uU WIFUeaiil LIols -

Dailiis I

Analysaes source Degrees Sum Mean F
made of of of | squers
variation freedom | 8squares
Vielghts Items within 14 8.6088 | 0.6149
of tiie groups
livers Between group 1 0.3268 | 0.3268
Ls&ns
Total 15 8.9356
absolute |Itews within 14 14121,25(1C08,686
guantity the groups
of Bsiween group 1l 1381,60(1381.060
glycogen mesan s
(ng. ) Total 15 1550£.85 1.37
Relative |Items within 14 2.0826 | 0.1488
quant ity the groups
of Between group 1 1.,0100 | 1.0100
glyecogen means
(rer cent)|Total 15 3.0926 6.79%




TABLK 8. CONCENIRATION CF GLYCOGLIN IN LIVEW ©F NOKdaLLY-FED RaTS
A8 REFORT L BY VaRIOUS INVESY IG.I0RS
Investl zators Dete | Nuzber of Conceatration of | Rumarks
anlananls liver siycogen
per cent

Grelisheimer 1930 8F end 4i 4,49 Stoek diet, no
starvation

Greisheimer 1931 S¥F 5.20 Starved 48 nrs., fed
stock diet for 24 hrs.

gori, Cori, 1930 8 2.44 Had bLeen given glucoss

buehweald but were cailed "“well
fed"

Deuel, Gulick, 1934 20F 3.99 Stock diet, no

Grunewadid, starvation

Cutler

lirubetz, Dotti 1934 112 1.78 Fed normully

leuel, sutts, 1937 10F 2.59 13-76 daeys old

Hallmsan, oF 1.79 88-90 days old

marray, Blunden 20F Z.80 17-18 mo. o0ld
Unfasted, stock diet

Lutter 1941 4¥F Z,78 Animels taken directly
from vhe stock colony |

-08-
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The F test of significance was used.l (One star indicates
that F is significant, two stars highly significant.)
More variation in liver weights occurred within the groups
than between the groups, so there was no real difference
in the weights c¢f this organ in the two groups. However,
the livers of the pork-fed rets contained a significantly
higher per cent of iiver glycogeun than did the livers of
the virgin control rets. TFrom previous studles it is
known that the livers of the pork-fed virgins are fatty.
Could the presence of this fat influence and retard in
sone way the progress of glycogenolysis, resulting in
higher liver stores even in the pork-fed virgins?

The virgin raets used in the present study and treat-
ed in the menner described are probebly comparable with
normaelly-fed femule rats mentioned in the literature.
Some values for the concentretion of liver glycogen in
such rats reported by other investigators are compiled
in Table 8., It must be borne in mind that age, sex,
quality of diet, and environmental conditions may have
been variable in the studies reported. However, the
velues for the per cent of liver glycogen, as determined

in the study herein rsported, fall within the range of

1. Snedecor, G. ¥e
1938. Statistical ilethods, revised ed., Collegiate
Press Inc., aAmes, Iowa, pp. 184-187,
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those presented by other workers. They ccmpare very
closely with the figures given by Deuel et ai (1934,
1937).

Steenbock V Pregnent Rats vs. Pork I Pregnant Rats

Liver glycogen was also deteruined in pregnant rats
reared on the stock diet and in pregnant pork-fed rats.
These groups were fasted, then fed seven hours before
killing, ip the manner previously described. .4nalyses
- were perforxed on the twenty-first day of pregnancy. The
experimental date are presented in Tebles X and XII
(Append ix) and the mean veliues are swumsrized in Table 6.
Upon autopsy, 1l of the animals fed the pork diet
exhibited total resorptions. For this reeson weights of
uterl and fetl sre not complste in Table XII. This mey
also account for the fact that on the whole the control
enimals were somewhat heavier than the experimentel rats,
although they were of approximately the same age. The
absolute quantities of glycogen produced by the contircl
group &nd the rats fed the pork diet were 246.2 gm. and
193.2 gm. respectively; the relative amounts, 3.18 per
cent and 2.57 per cent. The welghts of glycogen in the
liver, the psrcentages of liver glycogen, eud the liver

welghts 1n each group were compared statistioelly using

the F test of significance (Table 9). 4s in the



LABLE @,

ANALYSIS b
IN LIVEDSS OF PRECIHANY ne1d oD DIFFERENGD DILTS - SLRIES 1

VARIANCE OF WEI

GHT3 Ji' LIVER aliv GLYCOGEN

inalyses Source of PDegrees of Sum of ieen squeare | ¥
made variastion freaedom squares
Liver Itens witbin 47 29.0126 0.6172
welghts the groups
between group 1 0.5983 0.5985
means
Total 48 29,6110
sbsolute ltems within 47 89, 704.0873 2,121.3635
guant ity the groups
of
glycogen Between group 1 32,264,6973 32,944.6973
(2. ) means
*%
Totsl 48 1v2,648,7851 15.53
Relative Items within 47 15.6298 0.3325
gquant ity the groups
of *
glycogen Betw=en group 8 4.4312 4,4312 13.33
(per ceut) mewns
Totel 48 20.0610
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precedling enslysis, lhe variation in liver weights
within the groups vas preater than thut between the
groups. JLiver glycogen poth from the relative and
absolute standpoints in the Steenbock-fed group was
higher than thet in the pork-fed zroup andé the differ-
ences were highly significant. o©un the basis, then, of
the quantity of glycogen stored, the experiuental
animuls showed either & less efticient storage of carbo-
hydrate or a higher rate of glycogerolysls. Possible
expluuciions for the dilference in liver composition will
be pointed out later.

Ho 1nvestigutions reporting the gquantity of glycogen
presenl in the liver of pregnant rats were found in the

literature.

Virgin Rats vs. Pregnent Rats

A comparison of the store of glycogen in the liver
of virgin rats with that of pregneant rats is interesting
(Table 10 end Table 11). In both the control and experi-
.aental groups, the weights of the livers of pregnant rats'
were significantly higher than thoee of virgius. The
absolute weight of liver glycogen in the virgin animals
fed the pork diet was greater than that in the pregnant

rats but the varience was not significant. HLHowever, the



TABLE 10, AMALYSIS O VARIANCE OF WBIGHTS Or LIVEK aND GLYCCGEN IN LIVaES
OF PReGEANT N VIKJIN POLK-TID Halo - SERIES I

snelyses Source of Degrees cof Sum of w@EL syusre F
mede variaztion freeacm squures
uiver Itenis within &2 23,6090 J. 7081
welgats tns groups
between group 1 20,5044 20,3044
me&ns
Ak
Total 33 42,9624 £8.87
sbsclute Jtems within 32 70,863.67 2,370.7
guant ity tke groups
ct
aglycogen Between group 4 2,045,658 3,045,690
(2. ) means
Total 33 84%,209.32 e
Felative Items within 3& 1l.718%° 0.3660
quant ity tke groups
of
glycogen Eetween groeup 1 1i.9181 1369161
(prer means
cent ) * kK
Totel oot 25,6280 38,02

-88-



TABLE 11,

ANALYSIS OF VARIANCE OF WEIGHTS OF LIVER Allb GLYCUGZN I LIVARS GF

PREGNANT AND VIRGIN CONTROL RATS - Skklis 1
Ansalyses Source of Degrees of| Sum of Jdiean square F
made variation freedom Squares
Liver Items within 29 14.9606 0.5159
weights the groups
Between group 1 18.3385 18.3385
means
* o
Total 30 33.2891 35.55
Absolute Items within 29 37,961.66 1,309.02
quantity the groups
of
glycogen Between group
(ng. ) means 1 6,111,70 6,111,70 o
Total 30 44 ,073.36 4.67
Relative Per cent of liver
quantity glycogen within )
of the groups 29 5.9995 0.2069
glycogen
(per cent) Group mesans 1 0. 9644 0. 9644
L 1]
Total 30 6.9639 4.66

-8~
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weight of glycogen wos eipgnificently higher in the prege-
nant cosntrol rats tiean in the virgin anincle fed the
sane dilet, In the case of rats reered on both diets the
percentage of glycogen was greater in the livers of the
virgins then in the pregnent animsls and the Giffereuces
vere highly significeaat,

The dilference between the perceatige concautravion
of giycogen 1n the livers of Lhe pork-fed virgins cna the
pork-fed pregnant rats vias greatlor Lhan thav betwsen con-
trol virgins and conirol pregnanl aniwmals. These data
studled in connection with the absolute guuntity of
glycogen preseunt in the livers of eech group indleuts
that pregnancy in the rats given the Pork I diet
definitely inhibits the deposition of glycogen to the

extent that occurs normally.

Pork I Rats with Total Resorptions vs,

Pork I Rats with Llving Fetl

The freyuent cccurrencs of complete rescorptions in
this particular group of pork-fed pregrant rats gives
rise to interesting speculations. Does the occurrsuce
of resorption result in meteaboilc disturbances which
cause depletion in liver stores? Or may toxins be re-

leased which have an effeot on cerbohydrate metabolism’
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Conversely, ¢id disturbaices of carbehyirate wetedolism
irn tkhe pork-ted groups result in thke poor nutrition aend
corsejuent death of the feti? 1In an attempt to cuswer
scne ¢f these juestions, the pork-fed femeles were

sorted into two groups, those showing totsl resorptions
end these with living feti. The liver weigrts, weights
of glycogen in the liver, and perceatagss of glycogzen in
the liver are shown in Table XVI (4ppendix) @ad the .ieans
shown in Table 12.

Tasle 12, AVERAGL COLCLITRATION OF LIVER GLYCIGLN IN

RESORBING AnL NON-RESORBING PORK=Fil F tidanisS

donditvion |ijwmber | Wt. of [ Vt. of glyco-| Per cent of

of of the gen in the glycogen in
female rats liver liver the liver
&a. mg,

Total , =&

resorptions| 11 7.1158 164.16 2.31

Living

feti 14 7.7568 213,31 - 2,78

The average liver weigint in the anlmals with living
feti was significantly higher than in those with resorp-
tions (Table 13). The weight of glycogen in the liver
was also significantly higher but the dirfference in per-
centage of liver glycogen was not significant. In this
case 1t appears that the increased liver stores were at

ieast partly due to the increased size of the liver. The

average percentage of liver glycogen in the femeles with



TABLE 13,

ANALYSIS OF VARIANCE OF LIVER WAIGHTS aNU GLYCOGEN

IN LIVERS OF PORK-FED RATS WITH RESORPIIONS aND THUSE WITH LIVING FETI

Analyses Source of Degrees of Sum of iean sqguare ¥
made variation freedon sguares
Liver Items within 23 12.1617 0.5288
welights the groups
Between group 1 2.5318 2.5318
means
%*
Total 24 14,6935 14,6935 4,79
Absolute Items within 23 47,855.1207 2,089,6574
guant ity the groups
of
glycogen Between group 1 14,878,9633 14,878,9633
(mg.) means .
Total 24 62,734.0840 7.15
Relative Items within 23 9.3379 0.4060
guantity the groups
of
glycogen Between group 1 1.3477 1.3477
(per cent) means
Total 24 10,8856 3.32
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living feti, i.e., 2.78, wes also significantly lower
than thet for the pregmant control rats, 3.18 per cent,
but some of the difference observed in the original
analysis has been removed by the elimination of the
females with resorptions from the Pork I group (df, 35
end 1; F, 4.57).

Whether or not partial resorptions were responsible
for the lower amount of glycogen present in the livers of
the pork-fed rats was next investigated. The average
nuanber of partial resorptions per experimental rat was
1.6 in contrast to 0.8 in the control group. When
resorptions in individuel rats in each group were
studied in reletion to liver glycogen it was found that
there was no consistent lowering of glycogen in amaternal
livers due to ths number of individual resorptions. In
fact, the average amount of glycogen (both absolute and
relative) in the liver of pork-fed rats with only living
young in the uteri was lower than the average &mount

present in a similar group of Steenbock-fed rats.

Liver Glycogen in Terms of 100 gm. of Femals

As another check on the observation that a sub-
normal amount of glycogen is stored in livers of rats fed

the pork diet, variation due to the differences in body



weight was next considered. The quantities of liver
glycogen in pregnant control and pregnant experimental
animals of Series I were caloulated in terms of mg. of
glycogen per 100 gu. of rat (Table XIV, Table XV,
Appendix),

The number and weights of fetl present were extremely
varlable and consequently influenced the body vieights.
For example, 1l of the pork-fed rats that had been
pregnant, contained no developed feti and one mother had
a single fetus. The weights of the intact uteri varied
from 10,7 gm. to 58.9 gm. in the group fed the pork diet
and from 41.5 gm. to 74.6 gm. in the control rets. In e
further attempt to reduce the effect of this variation,
the quantities of glycogen present in the livers of both
groups were &lso cslculated in terns of mg. of glycogen
per 100 gm. of female minus the weight of uterus (Table
XIv, XV, Appendix).

The mean values for each group of rats obtained by
the tvo methods of celculation are given in Table l4.
Animsls for whioch data were incomplete due either to
resorptions or experimental error, were omitted in the

calculation of these mesans,
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CALCULATGD IN TERMS OF BOLY WEIGHT

AVIEAGE WEIGHLI OF GLYCOGEN IN CONTROL

AND PORK-FED Ral35 OF SBRILS I

Wt. of glyco-
gen per 100
gn. of female

Diet No.] No. Wt. |Vit, of glyco-
of | of of gen per 100
rats| feti| liver |gm. of gravid
Temale
408 nge.
Pork I 15| 7.9 7.7732 86.25
Steenbock V| 22 |10.8{ 7.8080 93.93

minus uterus
L.

103.52
120.89

Analysis of variance (Table 15) showed that again,

there was more variation in liver weights within the

groups than between the groups.

The weight of glyocogen

per 100 gm. of gravid female was higher in the control

group than in the pork-fed group but not significantly so.

However, when the weight of the uterus was subtracted, the

variance between the groups was significant,

RELATIVE CONCENTRATION OF LIVER GLYCOGEN - SERILES II

It wes thought that the quality of the 4 gm. test

meal given to the rats after the l3-hour fast might be

related to the low glycogen stores in the livers of the

females fed the pork diet.

Consequently, a group of

pregnant pork-fed rats was starved for 13 hours, then

offered 4 gm. of the Steenbock ration ianstead of the




TABLE 15. ANALYSIS OF VARIANCE OF WEIGHTS OF LIVER aND GLYCOGAN
IN LIVERS OF PREGNANT CONTKROL AiiD PORK-FED RaTS IN ThRUS OF
BODY WEIGHT
Analyses Source of Degrees of Sum of iieen square F
made variation freedom squares
Liver Items within 35 18,7836 0.5367
weights the groups
Between group 1 0.0110 0.0110
means
Total 36 18,7946
Mg. of Items within 30 12,615.,9074 35495.4960
glycogen per| the groups
100 gm. of
gravii Between group 1 523,.5481 5253.5481
female means
Total 36 12,615,9074 1.52
ig. of Itens within 35 18,753.4142 535.8118
glycogen the groups
per 100 gm,
of female Bstween group 1 2,689.5225 12,689.5225
minus means
uterus *
Total 36 21 ,442,9367 5.02
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pork mixture. These animals were otherwise treated
exactly like the pregnant pork-fed rats of sSeries I.
Data obtained are shown in Table XVII (Appendix) and the
means, in Table 6. RKResults of en anelysis of varisnce
are presented in Tsble 16. The variauces between the
welghts of glycogen and the percentages of glycogen in
the two groups were not significant. The quality of the
test mesl, therefore, did not influence glycogen storage
in the pork-fed rats, and in later dlscussion, data
relating to the animals of Series II can be included
with those obtuined from the pork-fed females of Series
I.

The weights of the livers of the rats in Serieas 1II
were slgnificantly higher than those of the corresponding
group in Series I. No explanation can be offered unless
the presence of one or two exceptionally heavy livers in
the smaller group raised the averags. For example, the

liver of rat number 25848 weighed 10,2755 gm.,
ANALYSIS IN TERuS OF BOTH FRETAL AND MATERNAL
LIVER GLYCOGEN - SrEcIES I aAND IX
Fetal Livers

A study of the deta shows that the gquantity of



TABLE 16.

ANALYSIS OF VARIANCE OF WRIGHTS OF LIVER AND GLYCOGEN

IN LIVERS OF R&TS OF SaRIES II AND PREGWANT PORK-FED RaTS OF SLERIES I

Analyses Source of Degrees of Sum of Mean F
made variation freedom squares sguare
Liver Jtems within 34 22.3457 0.6572
weights the groups
Between group 1 8.9780 8.9780
means
* &
Total 35 31 .3837 13.66
Absolute Items within 34 85,529.8666( 2515.5840
quantity the groups
of
glycogen Between group 1 504, 3403 504.3403
(mg.) means
Total 35 86,034.2069
Relative Items within 34 13.1894 0.3879
quantity the groups
of
glycogen Between group 1 0.3990 0.3990
(per cent) means
Total 35 13,5884 1.03

-g6=
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glycogen deposited in the materual liver was only part of
the picture, In pregnency, the concerntration of glycogen
stored In fetal livers as well es in materral should be
considered. Fetal livers were remcved from pert of the
preguent control rats of Series X, frowm two of the pork-
fed pregunart rets of 3eries I, and fron all of series II.
Since, as has bLeen shown, these two last groups were
couiparable, the feti from Series II wey be consicdered as
typical of pork-fed rats. The livers from each litter
were pooled, as h&s been described, snd the glycogen
Cetermined. 7The concentration of the glyccgen in Tetal
livers alone, will te discussed first. Thse analytical
date, welghts of fetel livers, weights of feti, and
numbers of fetl are presented in Tables XVIII &nd ZIX
(4ppendix). The .aeans are shown below.

TABLE 17. AVERAGE CONCENTReXION OF LIVER GLYCUOGLN
IN THE FBETI OF CONTROL AND PORK~-FID RaTS

Diet No. |No. |Wt, of |Wt. of | VWit, of | Per cent
of |of |feti+ |[fetal | glyco~ | of glyco-
cases| fetl| placen-| 1ivers | gen gen

tae
£g. £, ag.
Pork I 12 10.2] 48.5 1.6505 95.54 5.92
Steenbock V| 11 |[11.0| 54.2 |1.9994 | 119.18 6.10

The statistical snalyses of the differences obaserved
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in liver weights, weighbts and percentages of glycogen are
repcried in Table 1l8. Ey the F test, the fetal livers
from the coutrcl animals welzhed significently more than
theee from the experimentel animals., The varlsnce between
total weight of fetal glycogen produced by the control
rats and that crocuced by the rats fed the pork dist was
hizhly significent., The mothers raised on the stock diet,
therefcre, were able to rroduce more fetel hepetic

tiésue end thereby store niore fetsl liver glycogen.

Since the percentages of glycogen did nct very signifi-
cently 1t is svident thet the greeter livor stores in the
control animels were due to the greater mass of liver
tissue.

Very little inforzation is aveilstle on the norual
concentraticn ¢f glycogen in fetal livers. Deuel et 2l
{(1837) found ebout 1 per cent of liver glycogen in the
*tnewest” fetl observed and 6 per cent in unew born rats.
The latter would correspond closcly to the 2l1-day old
fetl analyzed in the present study, and the percentage

coaposition 1s very slimilar.
Fetal and iiaternal Livers

mMaternal and fetal liver glycogen in the two groups
of rats have been considered separately. Iu this

section, the total amount of glycogen deposited has been



ANALYSIS OF VARIANCE COF WIIGHTS OF LIVER aND GLYCOGHEN

TABLE 18.
IN FET4L LIVERS OF COWTROL AND PORK-FiD RATS
Anslyses Source of Degrees of | Sum of Wean F
made varietion freedom squares square
Liver Items within 21 £.5257 0.1203
weights the groups
Between group 1 0.6986 0.6986
meansg
*
Total 22 5,81
Absolute Items within 21 4058.9733 193.2844
quantity the groups
of
glycogen Between group 1l 3208.1025 3208.1025
(mg.) means
*®
Total 22 7267.0758 16.60
Relative Items within 2l 21,9184 1,0437
quantity the groups
of
glyocogen Between group 1 0.1865 0.1865
(per cent) means
Total 22 22,1049

=101~
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deteruined vy esleuletiig Uhe weight of wmetarnsl zlycogen

plus fetul glycoger 1n terims of 100 m. of maternal and

fetal liver end io ter.is of 100 gm. of gravid fenale.

Results sre shown In Tables XX snd AXI (.ppendix; and

mezns In Tables 13,

Resulis of the statistical anulysis

are shown in Table 20.

TxBLE 19,

PTTAL GLYCOG iy

AVIRAGT CORCZETRATION O MeTIadlds AND

IN CONTROL £ND PORK-YED RuTS

Diet No. |%t, of [%t. of [waternel msternel
of |fetel fetal+ |+fetal + fetal
rats| + mater-| mater+ glycogen| glycogen

nal nal gly- in terms| in terums
liver cogen of 100 of 100 gu.
gm., of of gravid
fetal+ rat
maternal
liver
£L. ne, B&. ag.
Pork I 12 |10.1018 | 306.60 | 3060.97 122.68
Steenbock V| 11 |10,0553 | 380.07 | 3801.33 138.08

The varlisnce between the total

welghts of liver

tissue produced by the two groups was highly significant

as was the variance when the welght of glycogen was

expressed in terms of weight of liver tissue.

In terms

of 100 gm. of rat, the variance was not so great but was

significant.




TABLE 20.

ANALYSIS OF VARIANCE OF MATERWAL AND FETaL

GLYCOGZN Cf CONTROL AND PORK=-I 3D RaI1S

Analyses Source of Degrees of Sum of Mean F
made variation freedom squares sjuare
welght of Itemns within 21 30,667.90 1,460,.38
maternal the groups
and fetel
glycogen Between group 1 30,977.61 30,977.61
(ng.) means
- *k
Total 22 61,645.51 2l.21
Total Items within 21 3,926,833, 38 186,992.06
glycogen the groups
in terms
of total Between group 1 3,145,795.74 |3,145,795.74
liver tissue| means
(mg. per =
100 gm.) Total 22 7,072,629.12 16.82
Total Items within 21 4,337.2134 206,5340
glycogen the groups
in tems '
of 100 gm, Between group 1 1,35%.6568| 1,353.6068
of rat means
(ng. per *
100 gm.) Total 22 5,690.8702 8.55
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Pork I and Steenbock V Rats atched es to Number of Fetl

The number of fetl varied so much from one female to
another that it seemed possible that variations in
maternal glycogen might be & reflection of different
fetal demends. Whether the difference in the quantity of
liver glycogen laid down by the experimental and control
rats already demonstrated, holds when the twe groups were
matched according to the number of fetl present, was next
determined. Results are shown in Table XXII (appendix).
It will be observed that In every case except one, mater-
nal livers of Steenbock-fed rats contained a higher per-
centage of glycogen than did those of the pork-fed
aninals with the same nuwber of feti. It is interestiing
that the weights of the fetl were not consistently
higher in the control group. In this group, it may be
noted also that the percentage of fetal glycogen tended
to increase as the number of feti decreased. But at the
same time the concentretion of maternal glycogen was
maintained at & more or less constant level. In the
experimental group neither of these relations was as
consistent. The lowest percentage of glycogen was found

in the animael with the greatest number of feti, but

otherwise a reciprocal relationship between percentage of
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liver glycogen and nuaber of feti was not evident,

From all the snalyses made in the preceding sections
the data indicate that the pregnant control rats produced
significantly larger quantities of glycogen under the
experinental conditions imposed then did the pregnent
rats fod the pork dlet. This wes true whea tie data were
considered in teras of maternal livers aione, fetal
livers alone, or & combination of fetel and maternsl
livers. While total resorptions seemned to reduce the
average quantity of g;ycogen stored in the iaternal
liver, the difference demonstrated between coutrol and
experimental rats holds either when the two groups are
matched as to number of living feti or when they were

compared as to the number of individual rescrytions.

RELATIVE ABSORPTIUN OF GLUCOSE - SERIZS ILI iU IV

The relative absorption of glucose was studied in
all groups of rats in Series III and IV by snzlyses of
the reducing substances present in the gastrointestinal
tracts at the time of removal of the liver. The quantity
of reducing substances aorwally present in the gastro-
intestinal tract of starved rats was first determined by

anslyzing the tracts of virgin &nd pregnant animels from

the control and pork-fed groups after & ld-hour fast.
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Resulls are preseated in Tables XXIII and XXIV (appendix).
'Next, the quantity of reducing substaices present in the
tracts of the four groups of rats four hours after the
feading of giucose, was determined (Tables XXV, AXVI,
XVII, «ppendix). Data from the analiyses of the
intestinal contents of all rats in Series III and IV are
swunarized in Table 21,

In the starved rats, ithere was no consistent varis-
tion in the reducing substunces between the virgin =nd
the pregnant animsls nor between the control end the
pork-fed groups, virgin or gravid. The values obtained
in the present study probably represent the evorage
amount of reducing substances normally present in the
traots of starved rats, as nay be observed by combaring
the figures with those reported by cther 1nVestigatofs
(Table 22j,

by comparing the figures obitained from the sterved
rats and those fed glucose, 1t mey safely Le essumed thuat
absorption c¢f glucose was complete efter the four-hour
intervel. siso, the pork-fed rats exhibited no abnor-
melity in intestinel absorption. The animals killed on
the twenty-second day of gestation did not differ in
this respect from those killed on the twenty-first day
(Table 21).



TABLE 21,
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AVERAGE WEIGHT OF REDUCING SUBSTALGES

PRESINT IN THE GASTROINT ESTIN.ows TRACTS OF RATS IN

SBRIES III AND IV

Diet Repro=- Post- Number | Wt. of reduoc-
ductive | starvation of ing substances
status treatment rate | ia gestroin-

testinsl tract |
ey

Torxk I Virgin No Tood S il.46
sregnant | dlo food S 15,93

steenvock V | Virgin No food 5 12,65
Pregnant | No food 5 11,51

Pork I Virgin Fed glucose 8 12,50
Pregnant | Fed glucose 8 12,48

Steenbook V | Virgin Fed glucose 8 12,71
Pragnant | Fed gluccse 8 1C.25

Pork I Pregnant | fed glucose <] i2.29

ceries IV
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TABLE 288, AVERAGL CONCELTRALION UF KRaDUCLNVG SUBSTANCES

IN THE GASTROINTESYINAL TR4CT OF STRVEL RATS

AS REPORTED BY CERTAIN INVESLIGATORS

Investigators | Date | Number | yuantity of ra- Remarks
of ducing substances
rats in the gastro-
intestinal tract
R
Cori 1925 S 15.9 Fasted 48
hrs.
8.0
12,7
Miller, Lewis | 1832 17 8.8 ~ 16.3 Fasted 48
hrs,
Av, 13,2
Farrankop . 1941 20F .85 - 13,72 Fasted 13
. hrs.

aAv, 12,13
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RELATIVL CONCINTRATION OF LIVER GLYCOGIN -
SERIZS IIT &NWD IV

Starved Rats

To determine the effectiveness of the starvation
periocd in depleting the stores of glycogen in the liver,
determinations were made on starved pregnant and virgin
animels from both the control and experimentsl groups.
Cori (1926) calls the glycogen present in the livers of
such animals "preformed glycogen." Velzhts of rats,
ages, liver welghts, znd snelyticel results are shown in
Tables XXVIII, iXIX, XXX, and XXXI (appendiyx), and the
means &re summerized in Table 23,

In rats fed both djets, the sbsolute and relative
amounts of glycogen were higher in the virgins than in
the nregnant animsls, Ths livers of the Steenbock-fed
virgins contezined more glycogen than the livers of the
vireins fed the pork diet in spite of the fact that the
livers of the first group were the lighter. The
similarity between the preguant rats reared on the two
test dlets is remarkebly close. However, all the values
observed were very low and it way be assumed that the
glycogen in the liver was largely depleted by the 1l3-hour
fast,



TABLE 23,

AVeRaGE CONCANTHATION

CF GLYCIGHN
IN LIVERS OF STARVED RAIS

Dist Reproductive | Numter | Agze |Body wte ¢f |50, Of Per cent cf

status of wwt, liver glycogen | glycogen in
rats in iiver liver
days | gm. gid. IR

Pork I Virgin 5 129.6 |177.,0 |5.2190 7.54 0.14
Pregnant S 123.8 |[251.6 |7.6414 2.79 0.04

Steenbock V| Virgin 5 150.0 [167.6 |4.68C4 8.97 2.19
Pregnant o 136.2 |R36.0 |6.5132 2.87 Q.04

-011~
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A number of reports by other investigators on thes
concentration of glycogen in the livers of sturved rats
are compiled in Teble 24. The valiies observed for the
virgins in the present study correspond with those
reported by several of the lnvestigations, although the
starvation period in the present study was only 13 hours
long. With the exception of the figure given by Lutter
based ol a 3tudy of three females, none of the percsntages
are as low as those noted in the pregnant femaies in this
study. Perhaps fetel demands sre responsible for tha
thorough depletion of glycogen stores in the livers of

pregnent animals,

Rats Fed Glucose

Since both the quantity and quelity of the food
given after the starvation period to rats in Series I and
II were somewhat variasble, a more zocurate method of
feeding was adopted for Serles III and IV. Virgin and
pregnant ruts reared on both the control und experimental
diets were fasted as vefore, then fed a known yuuntity of
glucose by means of a stomach tube. The weighis, ages,
liver weights, anu results of the glycogel analyses are
reported In Tables XXXII, XXXIII, XXIIV, LXKV, and XXXVI
(Appendix). iieun values ere presented in Table 25.

No difference can be observed 1o the velues for



TABLE £4. COHCENTRATION OF CGLYCOGEN IN LIV:RS OF STaRVED RaTlS
A8 RZIPCATELV BY VARIOUS ISNVESTIGATORS
Iovestigators Date |Nuwber| lLength | Av. quantity of Reunarks
of of liver gliycogen
rats faating
paricd
br.
Cerl ls26b 7 48 0,397 per cent
Berbour, Cheikoff,| Lo27 24 24 0.16 per cent
Maeleod, Orr 11 48 0.G2 per cent
Cori, Cori 1628 4 24 6 ng. per 100 gil.
ol rat
cori, Cori l:29 B 24 0.10 jper cent
Wilsoa, Lewis 1430 24 0.21 per cent Values froa 0.12
to U.33 per cent
Gregg 1931 5 48 1£.7 wg. per
100 ga. of rat
Greisheimer 1931 3hi 48 0,513 per cent
oF 48 0,137 pexr csnt
Miller, Lewis 1332 1l 24 0.1l per cent

=311~



TABLE 24 (cont.).

CONCENTRATION OF GLYCOGEN IN LIVERS OF

AS REPORTED BY VARIOUS INVESTIGATORS

STARVED R&ATS

Investigators Date |Number | Length |Av. quantity of Remerks
of of liver glycogen

rats fasting
period
Br.

MacKay, Bergman 1933 3 24 0.88 per cent (Previously on
3u 48 0.29 per cent (high fat diet
3nd 24 0.90 per cent (Previously on
3u 48 0.45 per cent (high protein diet
Sud 24 1.05 per cent (Previously omn
4 48 0.18 per cent (high carbohydrate

(diet

rzyder, Fierce 1935 12 24 0.061 per cent Expressed as 61
mg. per 100 gm,
liver

Blatherwick, 1935 184 27 0.555 per cent Bxpressed as

Bradshaw, Ewing, 14F 27 0.215 per cent glucose

Larson, Sawyer

Deuel, Hallman, 1937 15¢ 48 0.19 per cent

Murray, Samuels 15M 0,59 per cent

MacKay, Carne, Wwick|1940 6 24 0.18 per cent

12 48 0.09 per cent
12f 48 0.14 per cent

Nutter 1941 3F 24 0.03 per csnt

-eTT-



T4ABLE 25.

AVERLGE CONCENTRATION OF GLYCOGZN IN

LIVERS OF RalS IFZD GLUCOSE

Diet Reproductive | Number | Age |[Body |wbt. of |wt. of rer cent of
status of wte liver glycogen | glycogen in
eniasls in iiver liver
days | gm. £gun. Jg.
Steenboek V | Virgin 151.9 | 176.1 | 5.379%8 57.41 1.06
Pregnant 155.2 | 8bl.2 | 6,7845 40.26 0.66
Pork I Virgin l42.2 |172.2 | 56,3408 80,70 1.51
Pork I Pregnant 5 119.z | 244.2 | 6,9876 55439 0,78

Series IV

T

-7



TABLE 26.

CONCENTRATION OF GLYCOGEN IN LIVERS OF RATS FED GLUCUSE

AS REPORTZD BY OTHER INVESTIGATORS

Investigators Date |Number| Guentity of |absorption| Concentration | Remarks
of glucose ad- |[period of liver
rats | ministered glycoge
ET. o
Miller, Lewis 1932 8 725-890 mg. 3 1.97 per cent
11 177-266 wag. 3 0.63 per cent
Cori 1926b| S5-~-6M 1 1 0.38 0.18% (mg.
2 0.91 0.188 (glucose
3 2.66 0.176 (absorbed
4 3.68 0.176 (per 100
5 3.65 0.175 (gm. of
{(rat per
| (hr.
Cori, Cori 19z6sa 11 750 mg. 4 0.118 gm. per
absorbed 100 gm, of
body wt.
MecKay, Wiok, 1940 S5F | 1 occ. per sq. 6 2.00 per cent | Glucose solution
Caine dm. of body was 1 molar
Deuel, Hallman,|1937 10 600 mg. per 2 1.32 per cent { Additional doses
Murray, Samuels 10 100 gm. body 4 2.44 per cent | of 500 mg. glu-
g wt, (3 3.30 per cent | cose per 100 gnm,
10 8 4.78 per cent | of body wt. were

given on 3rd,
4th and 7th
hrs,

-G1T~



TABLE 26 (cont.).

CONCENTRATION OF GLYCOGEN IN LIVERS OF RATS FED GLUCOSE

AS REPORTED BY OTHLR INVESTIGATORS

Investigators Date Number|quantity of |Absorption|Concezutration | Reamarks
of |glucose ad- |period of liver
rats |lministered glycogen
ar.
Feyder, Pierce| 1235 29 |743-954 ag. 3 1557.0 ng. per| Aan av. of
100 gn. liver | 152 mg. was
43.9 gm. per unabsorbed
100 gm. rat aftsr 3 hrs.
Nutter, Murlin| 1941 13F |824.9 3 1855.9 mg. per| Fasted,
100 gm. liver | fatigued
before

feeding

~911~
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glycogen obtained frosm the pregnant enimels of the two
groups froam Series III. Lowever, the pork-fed aulmals
from Series IV thet were kiiled on the tweuty-second day
of pregnancy hed = sili~htly higher than normel conocne
tration of glycogen in the liver. The difference, how-
ever, does not wpreer to he gienificznt.

In both grouns the virgin erinels hed sumcller livers
and a higher sbsolute and reletive yuantity of glycogen,
than 4id the pregnant animels, These relations d1é not
hold in «ll respects for the observations previcusly
reported ir Serles I. However, in both series tre
difference botween the parceontsge of glycogen in the
pork-fed pregnent animals end the pork-fed virgins wes
greater than the difference between the control pregnant
rats and control virgins. This discrepancy was not due
to the post-starvation diet slnce it occurred with the
glucose as well a8 with the test diets.

To sunmarize: there is a greater deposition of
glycogen in the liver of the virgin rat fed the pork diet
then in the virgin rat fed the stock diet, and this
difference is not due to the quality of the post-
starvation food. All data reported in tha present study
show that pregnency is essoclated with a decreased per-

centage composition of liver glyccgen. Results of the

investigations with rats of Series III ccunfirm tvhe data
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presented heretofore; that pregnancy in pork-fed rats
reduces the relative amounts of glycogen in the liver
more than it does in rats fed the steenbock ration,

The results obtained in the present series (III and
IV) were diseppointing because the concentrations of
glycogen in the liver of the pregnant animals were almost
at the starvation level and, therefore, differences did
not stand out. The four-hour absorption period chosen
may be & factor. Although Cori (1926) states that the
peak of glycogen formation occurs four hours after
feeding glucose, it 1s possible that with the animals
used in the present study and with the different physio-
logical conditions imposed, the peak was reached somewhat
earlier., It would be interesting to extend this study by
feeding glucose to simllar groups of animals and killing
them at hourly intervals,

Also, perhaps, the effect of pregnancy should have
been teken into consideration not only in setting the
length of the absorption period but in calculating the
weight of glucose to be administered. Larger quantities
of glucose probably should have been given. The average
weight of glucose received by the rat in the present
study was 778 mg. However, this amount corresponds with
that fed by illler and Lewls, by Cori, and by Feyder and

Pierce to non-gravid rats (Table 26). kiiler end Lewis
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observed an average of 1.97 per cent of liver glycogen
three hours after feeding, end Feyder and Plerce an
average of 1.56 per cent after three hours. These values
are not so divergent from the 1.51 per cent found in the
virgin pork-fed rats in the investigation here reported.
In any further study with pregnant animals, it is there-
fore edvised that a larger volume of 50 per cent glucose
be administered, and that storage be studied at short

intervals after feeding.

Glycogen Index

Although we attempted to administer the same amount
of glucose to each rat, differences in activity of the
enimel and in technigue ceused feirly wide variations in
the welght of glucose sctually received by each rat.

Also, 1t was possible that variations in absorption
ocourred in individuael enimels. Therefore, the "index of
glycogen formation® used by Nutter and iurlin (1941) was
adopted and the data for Series III and IV recaloulated on
this basis. The glycogen index may be expressed as the
ratio:

glycogen (mg. per 100 gm. of hepatiec tissue)
mg. sugar absorbed per 100 gm. of body wt.

The analytical data pertaining to the guantity of

glucose administered to each rat are presented in Tables



AXXVIT, XXXVIII, XXXIX, XL, and XLI (asppendix). 4 sur-
prisling variation occurred in the guantity of glucose
contained in the washings from the catheter, ulthough the
emount of glucose originally contained in the syringe was
very uniform, Probably the depth to which the tube was
inserted in the reat, the way in which it was coapressed
in the oesophzgus, and the convulisive wovements of the
animal during feeding resulted in the varieticns observed,

The quantity of glucose actually absorbed vwas next
calculated for each snimal by subtrecting the average
content of the starved intestinal tract for the correspond-
ing group, from the weight of reducing substance actually
found in the traet of each animel fed glucose. The
gquentities of glucose absorbed by each ret are reported
in Tables XLIX, XLIII, XLIV, XLV, &nd XLVI (appendix).
It will be noted that in meny caeses, less reducing
material wes present in the intestines than had previously
been found for the starved rat. Therefore, some of the
percentages representing glucose absorbed are greater
than 100. Obviously, glucose absorption was complete in
all groups.

The glycogen deposition in teras of lLhe glycogen
index for each anlimal is shown in Tables ALVII, ALVIII,
XLIX, L, snd LI (Appendix). ileans for glucose adminis-



tered &nd wbsorbed, end for the glycogen indices are
summarized in Takle £7.

The giycogen imdices wlso show theld preguuncy
reducss stores of glycogen. This snuiliysls dewonstirote..
no difference betwsen the pregnanl experiumentud wud
goltrol rats, probably because the peak ol aiycogen
enalysls hed been pussed.

The index is higher in rals suvuiled va tne tweuly-
gecond day oI preguancy becauce they actualliy receivea
more glucose per unit of body weight thzn dia the rats

ol the other groups, due Vo liheir sumller size.

CONCBNTHATION vl GLYOUUGLL LN LIVER = Shail V

An sttempt was méde to analyze the gquantity of
glycogen stored in livers of rats that were exhibiting
toxic symptoms. Various difficulties presented them-
selves. Sometimes the animals died before the process

of analysls could be initiated. ¥reguently the deaths

occurred when no one wag in the laboratory. Four animals
were finally obtained, but since the treatment iu respect
to feeding and the symptoms exhiblted varied so much, the

results cannot be pooled. Therefore, each aniwsl will be

discussed separately. The weights, ages, liver welghts

and results of glycogen determinations are presented in



TABLE 27. AVLR&GE ABSIRPLION CF GLUCUSH snD GLYCOGH:Y INUIC&3 IOR RATd
OF SERILS III AND IV

Diet Reproduotive | Number | Wt. of glu- wt. or glu- Poer cont |Glycogzen
status of rete| cose &ad- cose ot index
ministered ebsorbed glucose
absorbed
I . o
Pork I Virgin 8 810.48 809.43 29.89 e 20
Pregnant 8 792.73 793.77 100.i4 1.97
=
Steenbock V | Virgin 8 767.72 767 .65 100,02 2.4l P
Pregnant 8 73E.55 739.82 100.18 l.86
Pork I Pregnant 5 778,39 777.89 39, 94 ‘.43
Series IV
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Teble XII.
Ret No, 28701

This ret wan reared on Pork I and pertislly
rniephrectomized for the purpose of another study when 28
days old. On tho twenty-second day of her first
pregnency she failed to give birth to her litter and
shoved bloody urins {one of the symptoms of toxemie).
The food wes removed in the evening and glucose was
glven at 7 a.m. on the morning of the twenty-third day
and the liver when removed four hours later rated three
plusses (+++) in respect to fat and friability. Nine
resorptions were found in one horn of the uterus; one
ovary had heen accidentally removed at the time of the
nephrectomy. The chemloal analyses showed that 80.58 mg.

of reducing material was present in the lntestinal tract

and that 827.12 mg. of glucose had been given so that
746.54 mg. ﬁas absorbed. The glycogen content of the
liver was 0.84. Thse glycogen index was 1.63. This rat
showed & definite abnomuality in absorption and although
the percentage concentration of glycogen in the liver was
higher than the average for pork-fed pregnent rats, the
glycogen index was somewhat lower. This was due to the

fact that the body weight wes only 145 gn.
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There was little evidence that the animal described
was typical'of Lhe animals showing ucule toxemia, and the

liver glycogen was appureutly uormal.

Rat Number 27984

Rat nuusber 27984 was resred on fork I and saowed
toxie sywptoms on the worning of the twenty-third day of
gestation. ohe was lethargiec, cold to the touah, and
had pale ears and paws. an &verage of 9 gm. of food had
been consumed on the two preceding days and there was
fcod in her cage when she was killed ot 10 w.me The
stomach was full showing that food had been eaten. Upon
autopsy the liver was only moderttely fatty, but the
kidneys were hemorrhugic and gorged with blood. There
vere seven Geud feti, &ll very pale. io glycogen was
founé in the liver. Thic animsl seened quite typical of
the slock rats sud should heve ccrresponded to the

preguautl pork-fed animuls ot Series 1.

Rat Nuuber 28709

This rat was reared con l'ork I and had also been
partielly nephrectomized. The litter had aol besu boran
on the twenty-third day of the first preguancy, she had

several shaking spells, and a lump appeared in the region
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of the incision. She was killed on the afternoom of the
twenty~third day and the liver analyzed. There was onse
live fetus, one ovary was missing, and the lump was
connective tissue and fat. There were no symptoms of a
true toxemla and the liver glycogen, 2.14 per cent,
corresponded favorably with the results for the pregnant

pork-fed rats of Serlies I.

Rat Number 24399

This rat was rearedé on the pork diet supplemented
with lipocalce for the purposes of anotbher study. On the
twenty-second day of the first pregnancy she exhibited
all the typical symptoms of toxemia; low body temperature,
poor muscle tone, pale ears and paws. She was killed
before death occurred and the liver removed for anelysis,
10 dead fetl were found upon autopsy, the kidneys were
hemorrhagle, and the blood watery. No glycogen was found
in the liver,

Thus, of the few animals studied in Series V, two
definitely exhibited toxic symptoms, and these two head no
detectable amounts of glycogen in the liver. This was
not due to lack of food, since both haed food in the
stomach. The two partially nephrectomizéd animals had

ebnormalities due to the results of nephrectomy, and did
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not show the typical syndrome,
There 1s some evidence, then, of derangement of
carbohydrate mstabolism, in rats exhibiting acute toxiec

symp toms.
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SUMMARY AND COKCLUS IONS

The study herein reported is part of a series of
investigations in progress in the Foods and Nutrition
Laboratory of Iowa State College relating to the eifsct
of feeding a diet contalning pork muscle upon the
reproductive perforimance of the albino rat. The experi-
mental diet contained dried, canned pork muscle as its
source of proteln. Previous studies have shown gesta-
tional failure and the frequent occurence of & so-called
"toxemla" of pregnancy in female rats reared upon this
dlet., Histologicel examinations and chemical analyses
have shown the presence of fatty livers in the pork-fed
rats. It is believed that a reciprocal reliationship
exists betwsen the amount of fat and glycogen in the
liver. The present study was undertsken in an effort to
test the hypothesis that a derangement of carbohydrate
metabollism may occur in the rats fed the pork diet.
Animals reared upon the stock ration, e whole grain -
caseln dlet designated as Steenbock V, served as controls.
The experimental diet was called Pork I. The concentra-
tion of glycogen present in maternal and fetal livers weas

used as an index of the status of carbohydrate metabolism.

In the first series of experiments, the content of
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glycogen in the livers of pregnent contrel rats was
coupared with thet of virgins of the samne age reared on
Lhe same diet. Jublseguent to & 13-hour fast, all the
animals were fed 4 gm. of the diet upon which they had
been mainlained, VWhen seven hours had elapsed, they were
stunned by a blow on the head end the livers quickly re-
moved for analysis. Pregnant eniuals were killed on the
21.5 day of gestation and virgins whken they were approxi-
metely the saue &ge as the gravid rats., The livers were
divided into helves, and each helf dropped into & tared
tube of potassium hydroxide. The gquantity cf glycogen
wag determined by the Good-Kramer modification of the
Pfluger method. The Shaffer-Somogyl procedure for the
analysis of gluccse was used, and the amount of glucose
present calculated by means of a regression based upon
analyses of glucose solutions of xnown concentrations,

Both the absolute and relative amounts of glycogen
present in the livers of the pregnant control animals
were significently higher than those in the livers of the
pregnant pork-fed group. The average percentage
composition of glycogen was 3.18 for the controls, and
2.57 for the experimental rats,

In each group the relative concentration of glycogen

was higher in the livers of virgins than in the livers of
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pregnent animalg (4,08 vs. 2.57 per cent respectively in
pork-fed ruts esnd 3,58 vg. 3,18 per cent in the control
rats). In the virgins fed the Steenbock diet, the abso-
lute awmount of glycogen wes 2i3.1 wmg. compuraed with
246.2 mg. in the livers of the pregnant animals, .,n the
pork-fed virgins it was 221.7 ag. snd in the pork-fed
sregnent rats, 193.2 mg. In both groups, the livers of
virgin animals were iighter than those of the upregnaut
rats and the difference was highly sizgnificant., It
appears, therefore, that the effect of jreguancy in rats
ls to lowsr the relative emount of glycozen present in
the liver, and that this dscrease 1s greater in the case
of the animals fed the pork diet than in anluels reared
on the stock ration. ~Pregnancy &lso results in an
increase in the size of the liver.

The pregnant rats reared on the pork ration were
next sorted into two groups, composed of those with total
reaorptions and those withh living feti. Compariscns were
mnade of absolute and relative amountis of glycogen in the
livers of these two groups to determine whether the
lowering of glycogen already noted in pork-fed ualmals
could be attributed to the frsquent oocurrence of total
rasorptions. The liver weights of the rets with living
feti were significantly higher than those with resorptions,
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an the absclute weight of glyvecogen present in the livex
wog elso significently higher. However, the aversge
relvtive concenlrution of glycougen in the livers of the
tvo groups did not dlffer sigrificantly. The aversge
percentuge of liver glycogen in the animels with living
feti wes significently lcever then thet iu the control
rets, l.e., 2.78 per cent ys. Z.18 per cent. The
prescuce of totel rescorpyticvns, therefore, accounts ror
only a part of the fall in glycogen concentration
cbserved 1u the iivers of the experikental anluels
meintained on the pork diet.

To rule out variuticns due to differences in body
wolght, the weight of glycogen present in the liver of
euch animal was cualculated in terms of wmg. of glycogen
per 100 zu, of gravid femule, and in terus of ug. of
glycogen ver 100 zm. of femwls nipus the weight of tha
intact uterus. The uverage welght of glycogen per 100
gi. of female (93.9 ag.) was higher in the contrel group
than in ths experimental group {(86.2 mg.) but the
aifference was not significant. lihen ths welght of the
uterus was subtruoted from the weight of the gruvid
feale, the guantity of glycogen culsulated per 100 ga.
of rat was significantly higher in the comtrol group than

in the experimental group (120.9 mg. ¥s. 103.5 mg.).



2 Bt

To test the »ossibility that the guslity of the
post-gstarvation mezl wus respensitle for the diffsrecce
obgerved in the content of zlycogen in the livers of the
tvio grouns, & second series of animals reared on Forx I
wes fed 4 sn. of the Steenboek raticu saven hours efcre
analysls of the liver. The average welght cf glycogen
found was 201.8 mg., ths average percentage ot zlycogen,
2.34., Nelther of these vealues differs significaatly from
the correspounding values for the presrant pork-fed rats
of the first serles. The guality of the test .aeal, there-
fore, 414 not influence glycogen storesge in the livers of
the pregaesnt exverlumental rats.

Fetal livers wers reamcved frouw psrt of the pregnant
rets belonzging tc the first two serles, und determinations
of glycogen made as before. The livers from each litter
were nooled. The average welght c¢f liver zlyccgen per
litter froa the pork-fed group wag 95.5 mg. which wes
significantly lower tham the aean value, 119.2 ag. from
the control group. The rslative awmounts of glycogean in
the fetal livers from the two groups (6.10 ys. 5.82 per
cent) did not differ significantly, but the average
welght of fetel llivers per litter was significantly
higher in the control rats (1.9994 za.) thas in the pork-
fed rats (1.6505 gm.). Thus, it ssems that mothers

reared on the stock diet were able to produce relatively



more fetel hepatic tissue and to store more glycogen in
the fetal livers thsn were the axperimental rats,.

The dats cciuceriaing both auterual and fetal ilvers
were dext exuw:cined by caleculablag the wslzat of wateraal
glycogen plug fotal glycogeu in termas of 100 zuae of
maternal snd fetal liver and ia terws of 100 guw. of
gravld fewale. The coatrol group produced a siguiilcantly
higher total welght of heputic Lissue thuu daid tiae
experlmentul animals, 4ud aisce a slgnificautly yreater
umount of glycogen whether sxpressed in terus ol the
total welght of liver tlssue or iu tsrws of tie welght
ol the femule,

To deteruine whetner the differences in glycsogen
content of ths livers of the preguaant control «ud pork-
f8d animeis noted, were due to the nwuber of fetl present,
feweies Yrow the two groups were watcued accordlsg to
nuaber of feti, aud the reiatlive coaceatratvion ol
glyeogen examined., In alwost all cuses, the conitrol rat
countalned a higner percentuge of materual liver gljcogen
laan did tne pork-fed rat vwith the corresponding nuwcber
of feti. In the coatrol grouy bthe perceatage of fctul
glycoygen increased as the nuwber of feti decreassd, butb
tue concenutration of waternul glycogen rewcined falrly

gousistent. The evideuce accuumluted 1 this series,



153w

therefore, seems consistent when examined from all view-
points, &nd points to the comclusion that production of
glycogen is definitely decreased in pregnancy by feeding
the diet containing pork muscle.

In the third and fourth serles of animals studied,
the relative absorption of glucose was investigated by
determining the amount of reducing material present in
the gastrointestinel tracts of control eand experimental
rats, both virgln and pregnent. First, tracts were
analyzed from the four groups immediately after a star-
vation period to discover the quantities of reducing
substances normelly present. At the same time deter-
minations of glycogen in ths liver were made. When the
liver was removed, the gastrointestinal tracts were
ligated at the ileo-cecal and cardiac Junctions, removed,
split, and the contents washed into a voluuwetric flask.
after appropriate dilution, glucose was determined again,
using the Sharffer-3omogyl procedure. There was no con-
sistent varistion in the contents of the traots of virgin
and pregnant animals, nor in those of control and experi-
mental animals. The average weight of reducing material
present in all groups was 12,29 mg. which corresponds

with values reported by other lnvestigators.

Next, the quantities of reducing substances present



in the tructs of similar grougps of rats which had been
starved for 13 hours end killed four hours cfter the
adminlstration of 2.5 cc. of 50 per cent glucose by
stomach tube, were determined. sgain, thers was nc con-
glstent veariation between virgzin aud preguunt rats nor
between the experiuenteld «aud coutrol animels. 7The
values obtuined were very similer to those cbtuined from
analyses of the tracts of the staurved auluals., It was
concluded thut wbsorption ol glucose was compiete alter
four hours awnd thal tlhere was no abuorwalliy in
intestinel sbsorption in the pork-red rats.

fhe effectlvensss of ihe starvetiou period in
depleting the store of liver giycogen was determuined by
analyzlog the iiver frow starved pregnant and virgin
animals previously fed the control and experilmeutal
diets; The anulytical methods eaploysd in tlie first two
series of experiments were sgain used. The dbsoluté and
relative amounts of glycogen iu the liver of the starved
virgins were higher then those of the starved pregnant
animal s, presumably because fetal reguirements deplete
maternal stores. The perceuntage composition of glycogen
was 0,04 in the livers of pregnunt aniwals from both
groups, 0.l14 in the livers of pork-fed virgins, and 0,19

in the livers of control virgins. These values are all

very low and it was believed that the glycogen stores of
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the livers were largely depleted during the 13-hour
starvation period.

To rule out some of the variation that might have
been introduced in Series I from differences in the
quantity and quality of the food eaten after the starva-
tion period, the animels of the third series were fed a
specified quantity of glucose. 3Subsequent to the 1l3-hour
fagst, pregnant and virgin rats, reared on both the stock
and experlmentel diets, were given 2.5 cc. of a 50 per
cent glucose solution by weans of a fine catheter inserted
into the stomach. The sugar solutlion wes delivered from a
syringe attached to the catheter. The actual amount of
glucose administered was deteruined by making analyses of
a similar volume delivered into a volumetrlic flask. after
a four-hour interval the animals were stunned, the livers
removed, and glycogen determined,

No differsnce could be observed in the absolute and
relative amount of glycogen found in the livers of the
pregnant controls (45.3 mg. and 0.66 per cent) and in the
livers of the pregnent experlmental rats (46.8 mg. &nd
0.64 per cent}. In both groups, the livers of the virgins
were lighter than those of the pregnant animels, ané con-
telned a higher absolute &nd relative quantity of glyecogen.

The livers of the pork-fed virgirs contained an average
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of 80.7 mg., of glycogen and an average percentage
composition of 1,51; the livers of the control virgins,
57.41 mg., and 1.06 per cent, In this series, as in the
first, there was a greater quentity of glycogen in the
liver of the virgin rats reered on the pork diet than in
those of the virgin rets reared on the stock diet.
Again, it may be ccnocluded that pregnency is associated
with a deoreased percentage of liver glycogen. 4Also, in
the pork-fed rats there was a greater difference between
the level of glycogen stored in the livers of virgin and
pregnant enimals then therse was in the 3teeonbock-fed
animals. This difference is not attributable to the
quality or guantity of the test neal.

The amount of glucose whleh wae not absorbed by the
rats of each group wes celculated by subtrecting the
velght of reducing material normally present in the
gastrointestinel tract of the corresponding group, from
the amount actuelly found at the time of the liver
enalysis. This value was subtracted from the weight of
glucose administered, and the per cent of glucose which
was absorbed, celculated. The rregnent control rats
absorbed an average of 100.18 per cent; the virgin
corntrol rats 100.02 per cent; the pork-fed pregnant
animels, 100.14 per cert; and the pork-fed virglns,
99.89 per cent., It was agaln concluded that ebsorption
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wag coiuplste aftsr the four-hour interval,
A glycogen index was calculated for each ret in the
third series by using the formula:

glycogen (mg. per 100 egm. of hepatic tissue)
mg. sugar absorbed per 100 gm. of body wt.

Glycogen indices thus obtained again showed that
pregnancy reduces the stores of glycogen and that no
difference exists between experimental and control
animals,

The fourth series consisted of pregnant pork-fed
rats killed on the twenty-second day of gestation and
treated similarly to the pregnant pork-fed rats of the
first series. No signifieant differences were noted in
the two groups. It was concluded that no further break-
down of carbohydrate metabolism occurred on the last day
of gestation in the experimental rats, and that if it
does exist it occurs very suddenly and quiekly when
pregnancy disease develops.

The results of the determinations for the third and
fourth series ylelded little information as to the
status of carbohydrate metabolism in the pregnant pork-
fed animels because the values obtained for glycogen so
nearly approached the starvation level. In any further
investigation of this problem, it is recommended that

larger quantities of glucose be administered and that the
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absorption period be shortened, especialiy in working
with pregnaat aniauls,

The two aninuls of the iflh serles tuat exnibited
typical "™toxie" symptows sicwed ne liver giycogen. It is
believed that the derangeuent of oarbohyarate wetavollism
noted in all pregnuant rats reared on the pork diet ou
the Uwenty-first day of preguancy bacomes acute wheuever

an eclamptic condition develops.
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APPENDIX

PREPARATION AND STANDARDIZATION OF REAGLNTS

COg-free Water

All solutions were mads with COp~free water freshly
prepared by boiling distilled water vigorously in a
balloon flask for at least oae~half hour. It was

1izhtly stoppered, cooled, then stoppered tightly.

Hp504, aApproximately 1N

98 gm. or about 28 cc. of C.2. concentrated H 50,
(sp. 2. 1.84) wag dissolved in aistilled water aud maude
up to 1 1. The normality wuz tested by titrating sgelnst
standerdized NaOH using methyl red a&s en indicator. It
was never necessary to redilute the soluticn,

Some typlcel titrstions sre shown below:

TABLE I, STANDARDIZATION OF APPROZIMATELY 1N HpS04

Solution ce. CC. 9948N Normality
tested HoS04 NaQH of Hg&mL_
1 10 10,05 00,9992
10 10,06

II 10 10.09 1.0036
10 10.10

11 15 15,12 1.0028
1 15,12
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Sodiun Hydroxide, ipproximately 1N

A stock solution of saturated NaQH was made accord-

ing to directions given by Hawk and Bergeim.l 110 gm. of

high quality NaOH was shaken with 100 cc. of distilled

water and allowed to stand covered until the Nazco3 get-

tled leaving a clear solution.

Hawk and Bergeim indicate

that a solution like this contains about 75 gm. of NaQH

per 100 co.

A solutlion about 1.5N was mede by diluting

the saturated sclution and titrating against carefully

weighed portions of KHCgH,0, with phenolphthelein as the

indicator.

solution rediluted to make it 1l.

The exact norusality was calculated eand the

It was again standard-

ized by titrating against weighed portions of KHCgH,0,»

Some sample titrations are shown in Table II.

TABLE II. STANDARCIZATION OF NaOH
Solution| Wt. of uantity of | Concentration Normelity
teated KECBH404 NaQH of of
involved in NeOH NaQH
titration
OC. ° .
I .3892 1,21 .06304 1.576
«5093 1.54 . 06481 1.620
«5776 1.78 . 06359 1,589
Av. 1.595
II «5494 2,70 03987 .9967
8025 2.96 . 03989 9972
« D153 2.54 « 03978 « 9840
AV. ,9959

l. Hawk, P. B., and Bergeim, Olaf.

1937.

Practical physiologlcal chemistry, F. Blakiston's
Son and Co., Ine., Philadelphis, ed. 11, p. 931,
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30 Per Cent KOH

538 gm. of KOH was dissolved in 500 ce. of distilled
water and heated. A 3 per cent Ba(0H)p solution was
added until no more BaC0g precipitated. The solution was
allowed to stand until clear, then filtered through
washed asbestos. One cc. of the clear solution was di-
luted to 100 cc. with COp-free water and titrated against
standardized HCl. The concentration was then calculated
and & 30 per cent solution made by diluting the concen-

trated KOH.
Starch Indicator

2 gm. of soluble starch (ierck's Lintner) and 10 mg.
of HgI2 were triturated with a little water and the sus-
penslon added slowly to 1 1. of bolling water., The
boiling was continued until the solution was clear. It
was cooled, transferred to & glass stoppered bottle and
stored in the refrigerator. This procedure was found

superior to the method recommended by Hawk and Bergeim.l

Phenol Red

«04 gm. of phenol red was dissolved in 100 cec. of

1, Hawk, P. B., and Bergeim, Olaf,
1937. Practicel physiological chemistry, P. Blakiston's
Son and Co., Inc., Philadelphia, ed. 11, p. 932,



distilled water. The solution was filtered and stored in

the refrigerator to prevent the growth of mold.

Potassiun Iodide 2nd Potassium (xalate

A 2.5 per cent solution of KI was prepared by
welghing 2.5 gn. of orystalline XI on the torsion belance,
dissolving in & little distilled water in a 100 cc.
volumetric flask, diluting to the mark end mixing.

The solution containing 2.5 per cent esach of KI and
KgCp04 was mede in simllar manner. This solution was

stored in & brown bottle and kept for eabout a week.
Copper-icdouetric Heagent S0

The copper-iodometric reagent was made up according

to directions given by Shaffer and Somogyl (1933).

ga. per 1,
NaBCQS ‘anhNdIOUB).-........ 2500

NaHC@s...............o-..... 2000
Roohelle S@ltieescrcccsscsns 25.0
0“504'5520...0.-............ 7.5

KIQ 0.1N as to Iz. CCe oo 200.0

3
KI.O.I.....0...0........'.0. l.o

To retain all 002. the solution wes made up &s fol-

lows: The NagCOz and Rochelle salt were dissolved in

about 500 cc. ot distilled weter. The Cuso4 solution
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(75 ec., 10 per cent) ves added by pipette extending well
below the surface of the liguid, the solution being
stirred. The dry RaHCO5 was next added. The solution
was stirred to dissolve the bicurbonate. Then the KI was
introduced. The sclution was rinsed into a liter volu-~
metric flask, the KiQz added, end the whole diluted to
the mark wnd mixed. The soluticn was filtered through
washed filter paper and stored in a brown Pyrex bottle,
The reagent was made up in gquantities to last at

least a year, Sheffer and Sowogyl (1953) clzim that the
solutions reusaln unchanged for a year or more if kept in

stoppered bottles protected from the light,

Standard Iodate Solutions

Solution 4

3.667 gm. of pure KIOz was dissolved in 1 1. Vhen
treated with an excess of KI and HpS504, this solution was
0.1N with respect to I,. The solution was used to
standardize the 0.lN Na,S,05 and was also used as & con-

stituent of the copper reagent.
Solution B

A KIOgm solution equivalent to 0.0lN I, was prepared

when needed, by dilution of Solution aA. Usually 10 cc.
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of Solution A was meesured accuretely into a 100 coc.
volumetric flask, diluted tc the merk erd mixed. Ttis
solution was used for the standardization of the .005H
NapSs0g.

Naas.?@s

An approximately 0.1N stock solution was prespered
by dissolving 24.83 gm. of Ne,S.05 per 1. about 10 ce,
of 0.1N NaOH was added to increese its stebility. The
0.1N stock solution of thiosulfate was stendardized once
or twice & year by titration with the .1N K105 solution.
About 50 ce. of water was added to 25 cc. of 0.1N KI@S,
1l gm. of KI (icdate-free and weighed on a torsion
balence), and 5 ce. of 1N HpS04. NagSp04 was added from
a 50 ¢c. burette (8.3.) until the solution became straw
colored. One cc..of the starch indicator was added and
the titretion continued until the blue color of the
gstarch and ilodine jJust diseppeared.

Some typlcal standerdizetions are shown in Table
III. Ths stabllity of 0.1N NagSo03 is shown by Table 1V.

From the normality factor of the 0.1N NagSg0z solu-
tion the amount required to give 1 i. of 005N solutiomn

wag calculated. This solution was prepsred about once a

week since Shaffer and Somogyl (1933) state that this
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TABLZ IIXI. STANDARDIZATION OF APPROXIuiaTELY
0.1N Na28203

NepSg0z | KIOg Normality NagSg03 Normality
solution| solution| of KIOgz used of NagS203
tested used
ec.
1 1 0.1000 24.91 0.10032
24.94
1 2 0.1000 24.95 0.10032
24.90
1 3 0,9820 24.61 0.10073
24.62
aAve. 0.10045
2 1 0.1000 24,78 0.10082
24,81
2 2 0.1000 24,78 0.10082
24,78
2 3 0.1000 24.80 0.10080
24.80
v, 0,10083
b 1 0.1000 24,60 0.10162
24.58
4 1 0.1000 24.78 0.10097
24.75
5] 1 0.1000 24.91 0.10040
24.90




T&LBLE IV,
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STANDARDIZATION OF

0.100831 Negbs0g SOLUTION HO. 2

£FTER AN INTERVAL OF TWw0 LONTHS

KI0o Normallty Na28205 Normality
sol&tion ocf KIO. ugad of NasSesd:
3 aVEVS
used
sc.
1 0.1000 24.77 0.10097
24.75
2 0.1000 24,70 0.10105
24,78
S 0.1000 24,78 0.100806
24,80

AV,

€.10095
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solution when alkaline retains its titer for some days.
The dllute solution was stendardized by titrating with
+OlN KI0z. 10 ce. of the .0lN KIOz was measured into a
flask with 1 co. of N Hp504 and 2 cc. of 2.5 per cent K1
and titrated with the approximately 005N thiosulfate
from e 50 ce. burette (B.3.) using starch as an indicator
as before.

Some standardizatlons are shown in Table V,
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TABLE V. STANDARDIZATION OF APPROXINATBLY

Na 3205 KI@s Normality N328203 Normality
solution solution of KIOS used of Na28205
tegted used
CC.
1l 1l 0100 18.34 .005455
18,32
1 2 20992 18,00 005505
18.05
AV, +005485
2 1 0100 19.66 .005082
19.62
P 2 0100 19,50 «005128
19.50
e S 0992 18,47 .005144
19,40
Av, .005121
3 1 «0100 19,79 005045
19.84
3 2 .0100 19.90 005033
19.84
3 3 0100 19.82 « 005035
19,90
AV. 005023
4 1 0100 19,50 .005139
19.42
4 2 0100 19.48 «005123
19,57
4 S 0100 19,52 005123
19,51
AV, ,005128
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INDIVIDUAL NUMBERS OF RAIS USED IN

EXPERLMENTAL AND CONTROL GROUPS OF

SERIES I AND SERIES IIX

Series I Series II1
Steenbock V Pork I Pork I
Pregnant | Virgin | Pregnant| Virgin Pregnan§1J
21810 26533 21813 27756 25387
22524 25424 21909 27804 25421
21910 25758 21825 27918 25529
22574 27755 21826 28050 25644
23388 27919 22240 28106 20754
22615 28051 22238 28237 25796
22576 28107 22239 28322 25848
22523 28238 22180 28335 25917
21970 22164 26115
21893 21773 26208
22039 21812
21985 21982
21996 21892
24364 21971
24419 22241
24464 24051
24558 24825
24631 24652
24436 24672
24653 24685
24623 24632
24531 23934
24686 24729
24607
24660
24085
Total 23 8 26 8 10




T4BLE VII. INDIVIDUAL NUMBERS OF RATS USAED IN HELPoRIWENTAL AND CONTROL GROUPS
OF SERIES III, SERIES IV AND SERIES V
Series III Series IV|Series V
Starved groups Glucose-fed groups Glugc;ge- Sick
Steenboock V Pork I Steenbook V Pork I Pork I Pork I
Pregnant|Virgin|Pregnant|Virgin | Pregnant| Virgin|Pregnant| Virgin | Pregnant |Pregnant
25416 25417 25388 25589 25920 20921| 25849 25850 28412 28701
25646 25648] 25420 25422 26080 26081| 25918 20919 28075 27984
259067 25968| 25530 256531 26199 28200 25797 25798 28798 28709
25851 25802 256645 25647 26270 26271 26116 26117 28788 24399
25799 25800| 25755 25756 26276 27929 26209 26210 28893
27927 28336 | 28290 28292
28115 28117| 28114 28116
28291 28293 | 28489 27928
Total § S S S 8 8 8 8 5 4




TABLL VIII.

STANCARDIZATION OF COPPER hpaGhNT NO. 1

Glucose Glucose Glucose « 005N Glucose | Gluccse Glucose - 005k
solution | per per NasSs03 solution| per per NegSalrs;

Ltested liter S cc. used tested iiter S ce, uged

@o gz 22. Kflte nge .9_20

1 0.1608 0.8040 7.26 8 0.2422 1.2110 11.09

7.31 11.06

2 C.2017 1.0085 9.06 10.27

9.12 10.30

8,33 9 0.2828 1.4140 12.31

92.08 13.01

8.€9 13.00

3 0.2429 1.2145 11.09 10 0.3015 1.5075 14,02

11,09 14.94

4 0.2816 1,4080 12.65 14.91

12,74 14,15

5 0.3006 1.5030 13.64 11 0.159%9¢ 0.7980 7.25

' 13.60 7.21

13.90 1z 0.2038 1.01%0 8.20

3,95 9.17

6 0.1597 0.7985 5.71 13 0.2426 1.2130 10.66

6. 74 10,65

6.76 14 0.2826 1.4130 12.82

6.50 12.81

6.18 15 « 3016 1.5080 13.68

7 0.2023 1.0115 8.41 16 0.2428 0.7z78% 6.10

8.38 6.00

8.53 5.99

8.57 17 0.3006 0.98018* 8.08

7.95

* 8 eo. sliquots.

Atk
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TABLE IX, STeNCARDIZATION OF COPPER REsCHENTS
M. B AND 4.
Gluéose Glucose | Glucose | 00BN «005 N
solution| per per NagSqlx Nagl0q
tested litser 5 oo, used for re-| used for re-
egent no. 3 | agent no. 4
[ ng. [T cs.
1 0.2402 1.20 10.49 10,69
2 0.2888 1,43 12,78 12,83
3 0.1756 0.88 7.49 7.73
4. 0.2067 1,03 9,11 %.18




TABLE X.

CONCENTRATION OF LIVER GLYCOGEN IN PREGNANT CONTHROL RATS OF SERIES I

Number| Wt. Age |Wt., of|wWt. of | Vit. of | Total [Wt. of |Per cent|Wwt. of |Per cent
of rat| of of intact|feti+ | liver |wi. of glycogen|glycogen |glycogen|glycogen
rat rat juterus glacen- semple | liver [in liver|in liver|in liver|ic liver
t=
gom. | deys| gm. £12. £32. &, oz, Lz,
21810 | 245 135| 53.8 | 46.1 4.2209 | 7.3451 132.82 3.15 201l.12 3.42
3.1242 118.30 3., 79
22524 | 264 141} 8.0 66.2 4.,33%82 7.9927 150.30 3.46 285.90 3.58
3.6536 135.60 3.71
219810 ézo 142| 44.5 38.0 3.8410 7.0766( 142.03 3.70 264,48 3.74
3.2356 122.45 3.78
22574 | 248 136| 48.0 | 40.8 |4.3519 | 8.1694 108.29 2.49 220,26 2.70
3.8175 111.96 2.93
23388 | 288 205| 68.0 | 52.0 |[3.7270 8.3984 131.36 3.52 287.28 3.42
4.6714 155.92 3.34
22615 {225 131 | 53.5 46.5 |3.3354 6.7983 113.25 3.40 194.04| 2.86
3.4629 80.79 2.33
22076 |244 129 | 32.7 47 .7 3.7274 7.6041] 145.82 3.91 295 .47 3.88
3.8767 149.85 3.86
22523 {248 149 | 55.5 | 49.0 3.2835 6.9986 l18.67 3.64 249.94| 3.57
33,7351 131.27 3.51
21970 |278 150 63.0 57.0 |[3.8604 | 8.1708 109.66 2.84 223.47 2.74
4,2101 113.81 2.64

=041~



TABLE X (cont.). CONCENTRATION OF LIVER GLYCOGEN IN PREGNANT CCNTROL RATS
OF SERIES I
Numberx| Wb, Age |Wt. offVt. of (Wt. of [Total [Wt. of |Per cent|Wwt, of |Per cent
of rat|of of inteect| fetl+ |liver |wt. of |glycogen|glycogen elycogen |glycogen
rat rat |uterus|pleacen-|sample |liver |in liver{in liver|in liver |in liver
tae gauple |sample
gm. | deys| gm. | gao. £z, £u. Zg. mg.
21893 | 228 132| 50.2 45.2 3.2368 6.7853 57.25 i1.78* 223,25 3.29
3.5485 116.80 3. 29
22039 | 249 114 | 58.3 52.7 3.5207 7.027¢ 85.02 2.41 171.24 2.44
345022 86,22 2.46
21985 |290 lé2| 8.0 61.5 3.8948 7.8669 93.66 2.40 186.77 2.37
3.9716 93.11 2,34
21996 |265 156 | 8.5 51.9 4,0128 7.6495 104,97 2.62 203.97 2.67
S.6373 99.00 Re72
24364 |283 147 | 86.0 59.6 4.5447 9.1655 156.93 3.4 3l6.24 3.45
4.6208 159.31 3,45
24419 |248 148 - — 3.2763 6.8234 103.96 3.17 240,35 3.92
3.5471 136.39 S.84
24494 |272 146 | 50.0 43.5 |3.9263 | 8.4765 138.82 3.54 291.52 | 3.44
4.5502 1528.70 3.36
245568 |2¢92 144 | 74.5 67.5 3.7844 9.1576¢ 122.99 3480 275.05 3.00
D, 5732 162.06 2,85

* omitted from avereage.

Totel wt. of glycogen estimated,

AV
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TABLE X (cont.).

CONCLNTRATION OF LIVEE GLYCOGEN IN

PREGNANT CONTROL RATS

OF SERIBS 1
Number| Wt. Age |Wt. of|Wt., of |Wt. of | Total Wt. of |Per oent|Wt. of |Per cent
of rat of of intact|feti+ |liver | wt. of glycogen|glycogen|glycogen|glycogen
rat rat |uterus|placen~-| sample| liver jin liver{in liver|in liver|in liver
tae gample |gample
£hle days | gm. £58. . K. me, ng.
24631 | 271 139| 74.6 | 68.6 |4.1194 7.7535( 133.21 3.23 252,99 3.26
3.6541 lle.78 3.30
24436 | 280 168 | 64.0 56.7 3.56333 7.6601 110,03 3.11 236.44| 3.09
4,1268 126.41 S5.06
24653 | 285 141 | 63,3 | 65.8 |3.5859| 8.1014] 87.96 2.45 189.44| 2.34
4.5156 101.48 2.4
24623 | 264 144 | 52.8 46.0 3.4840 8.0282| 108.75 3.12 233.50 2.91
4.5442 124.75 2.74
24521 | 275 188 62,0 $5.5 | 3.9888| B8.7062] 140.47 2.52 297.40| 3.42
4.7174 156.93 3,83
240666 | 248 158 41.5 37.0 2.891¢C 6.3425| 103,04 2.56 249.43 3.93
3.4520 146.45 4.24
Total 6018 | 3380 178.0938 5839.60| 73.04
AV e 261.7 14619 7.7434 245.20 3.18
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TABLE XI. CONCENTRATION OF LIVER GLYCOGEN IN VIRGIN CONTROL RaTS

OF SERIES I
Nubder| wt, hge Wt. of | Totel |Wt. of Per cent | Wt. of Per cent
of rat| of of liver wt. of | glycogen | glycogen | glycogen | glycogen
rat rat samaple | liver |in liver | in liver | in liver in iiver
&a. gays £5. QR ng. ag.
25532 177 134 2.84585S5 5.9198 93.88 3.55 205.72 3.48
3.2733 111.87 3.42
2642¢ | 198 | 171 |3.05C3| 6.113C | 96.06 3.15 190.46 3.12
3.0627 94,40 3.08
25758 180 133 3.6965 6.4241 121.34 $5.28 220,70 3.43
2.7276 99.36 3.64
27756 163 l6l 2.3366 4,9435 100.28 4.29 212.15 4,29
2.6069 111.87 4.29
27919 | 154 158 2.9614 | 5.6095 | 109.12 3.68 209.87 3.74
2.6481 100.75 3.80
28051 191 150 3.1432 5.9930 96.70 3.08 188,43 S.14
2.8498 91.73 3.22
28107 | 184 143 2.9548 | 6.1125 | 113,53 3.84 237.54 3.89
3,1577 124.01 3.93
28238 184 146 05.9379 6.7701 123.5% Je49 240,02 3.54
3.2322 116.47 3. 60
Total |1431 1196 47.8855 1704.89 28,63
Av, 178.8| 149.50 5.9856 213,11 3. 58
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TABLE XII. CONCEZNTRATION OF LIVER GLYCOGEN IN PHEGNANT PORK-FED KRATS
OF SERIES I
Number| Wt.| sge | Wt. of{Wt. of |wWt, of [Total [Wt. of |Per cent|Wt. of |Per cemt
of rat| of of intact|fetli + |liver |wt. of |glycogen{zlycogen|glycogen glycogen
rat| rat uterus|placen~| sample [liver |[in liver|in liver|in liver|in liver
_ tse ample lsample
EE-| a8 [ E@- | &= | BEE | E& | £& E-
21813 | 238 126 20.6 - 4.2374 8.6957 113.72 2.8 2382.16 2.67
4.4563 1l8.44 2.86
21909 |250| 111 - - 3.4784 7.844# 8z.08 2.36 | 180.52| 2.30
4.3609 c8.45 2420
21825 | 260 127 42,0 | 56,0 |4.0665 | 8.2624 ¢l.18 £.24 178,78 2.16
4.1959 87.80 2.09
21826 |266 44 | 48.1 42.8 |4.3304 | 8.4703 140.56 S84 279,10 3,30
4.1399 138.54 3.35
22240 |236 141 26,5 £0.0 3.8532 7.8538 113.81 £e9D _227.79 2.98
3. 8001 113,98 3.00
22238 |265 115 56.5 49.9 4,0174 8.18605| 1l27.42 317 838,73 2.11
4,1431 126.31 SeJO
22239 |240 112 45.8 39.3 344639 7.9088 114,17 3680 247.10 .12
4,4459 132.93 2.99
22160 (232 114 54.0 47,5 4.2164 7.2099] 120.43 2.86 212.45 2.96
2.9935 93.02 3611
22164 |249 125 | 59.0 52.0 |3.8420 7.756 83.87 1.68 128.38| 1.86
S.9144 64.51 1.65

LT
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TABLE XIXI (cont.).

OF SERIES I

CONCENTRATION OF LIVER GLYCOGEN IN PREGINANT PORK~FED RATS

Number| Wt. Age [Wt. of|Wt, of |Wt. of {Total Mt. of [|Per ceutbt|vt. of Per cent
of ratj of of intact|{feti + |liver |wt. of lglycogen|glycogen|glycogen|glycogen
rat rat |uterus|placen-| sample |[liver [ia liver|in liver|in liver|in liver
ae sample lsample
8. days| gm. £ &o. £3e Sg. ag.
21773 | 250 149| 40.8 34.2 3.6757 7.3773 58.63 1,60* 150,50 2.04
3. 7016 75.55 2.04
21812 | 248 158 39.3 34, 2 3.9564 7.7292| 108.75 2.75 213.82 2.77
3.7728 105.07 2.78
21982 | 242 121] 10,7 - $.1518 7.1528 61.75 1.95 136.66 1.91
4.0010 75.09 l1.88
21892 (204 170| 25.0 21.3 33110 5.2998J136.79 4.13 237.76 4,09
2.9888 120.97 4,06
21971 |300 152 58.5 49.5 |4.1213 | 8.8751 84.84 2.06 176,58 1.99
4.7538 91.74 1.93
22241 {207 126 -— - 4.0674 7.9936] 98.83 2.42 226.69 2.84
3.9262 128.06 3.26
24051 |240 185| -- - 4.5566 | 6.8489) 73.53 l.61 | 182,01 1.72
4,2923 78.48 1.83
24625 | 186 128 - - 3.4668 6.0039 74.44 2.15 151.41 2.17
2.5867 56,97 2.20
24852 | 238 1z2] 50,0 45,5 4,.1814 7.39983 139.92 Se 3O 255.45 .42
3.2179 113.53 3.53

-’Z‘l’..



TABLE XII {cont.).

OF SarliS I

CONCENTRATION OF LIVER GLYCOGEN IN PREGNANT PORK-FED RATS

Numben wt. Age Wt. of|Wt. of |Wt. of| Total |Wt. of |Per cent|%t. of |Per cent
of rey of of ntact|{feti+ |liver | wt. of|glyccgen|glycogen|glycogen|glycogen
rat rat pterus|plecen-|{semple| liver |in liver|in liver|{in liver|in liver
tee paigple | gumple
£a. gays | go. PRy £, az. ag. ng.
24672 | 255 123 | 40.0 S4e0 S.8008| 7.0484 111.68 2.89 220.40 2,95
3. 7876 113,72 3400
£24685 | 217 126 - - 2.6387 6.8266( 57.54 2.17 129,30 2.08
3.0579 71.96 2.00
24632 | 214 136 -e - Ge001l7 6.62051] 86.03 200 171,51 209
3.2614 85.48 2.62
23934 | 226 222 - - D.72086 6.9588 71.14 1,91 135,47 1.9
3.2383 84,33 1.99
£472¢ | 205 120 — - 2,858 6.4708| 95.02 028 200.05 Sel4
3.6434 110,03 3.0&
24607 | 231 153 - - 4.3126 7.9101| 112,07 2.62 £15.20 2472
3.5875 102.13 2.84
24660 | 203 163 - -— 32,0122 6.8821] 48.06 1.80 82,78 l.24
3.6759 34,72 C.94
24058 | «-= 240 - - 3.5800 | 7.3410| 108.20 3606 £21.73 3.08
3.8110 113.53 2.98
Total B9800 8707 195.5631 5024,.33| 66.90
AV, 236.0| 142.§ 7.5216 183.24| 2.957

* Boiled over during enalysie.
estimated. ‘

omltted from averege.

Total wt., of glycogen

[
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TABLE XIII.

CONCENTRATION OF LIVER GLYCOGEN IN VIRGIN POQRK-FED RATS

0¥ SERIES I
Nuzbter| wt. Age Wt. of | Total |Wt. of Per cent | wt. of Per cent
of rat| of of liver wt. of | glycogen| glycogen | glycogen | glycogen
rat rat sample | liver |[in liver| 4n liver | in liver | in liver
saxple Bomple
BE. | Y8 | &= | &= g, E-
27756 177 151 2.66381 8.4823 88, 3% Z.8 185.65 3.3%
2.7562 95.3%28 S.46
27804 146 171 £.0707 08860 86.86 4,19 172,34 4.43
1.8163 85.48 4,71
27918 178 16l 2.8958 6.1455 121.16 4,18 259.42 4.22
3.2497 138.26 4.25
28060 174 150 2.4580 5.6464 106.08 4.32 233.59 4,14
3.1884 127.51 4.00
28106 173 143 3. 0888 6.0567 137 .44 4.45 272.58 4.50
2.9673 Z9.14 4.55
28237 175 148 S.3844€ 6.5300 120,76 S.61 237.41 S.64
3.1854 116.65 .66
28322 i7g 143 2.5610 4, 9508 110.59 4.2 210.14 4.24
2.3898 89.55 4.16
283356 198 142 S.3888 6.9611 145.44 4.29 284.44 4,09
3.5723 139.00 3.89
Total (1390 1217 45,5988 1853.57 32.65
Av, 173.7| 152.12 5.6998 231.69 4.08

aAS



TABLE XIV., CONCENTIRATION OF LIVEE GLYCOGLw IN ThRud ©F 100 Gid.
OF PREGNANT CONTROL RaTls OF SeRIES I

Number| Wwt, ¥Wt. of | Wt. of %Wt. of wt. of glycogen | wt. of glycogen per
of rat| of intact | fetl + lycogea | per 100 gn., of | 100 gm. of gravid

rat | uterus | plecentae %n liver | gravid feusle female minus uterus

EL. £. &a. oz. &4g. L.
21810 245 53.8 46,1 251.12 102.42 131 .34
22524 264 68.0 668.2 285.90 108.30 145.87
21910 230 44.5 39.0 264,48 114.99 142,58
22574 248 48,0 40.8 220.25 88.81 110,12
23388 288 68.0 52.0 287.28 100.45 131.78
22615 225 53.5 46.5 194,04 86.24 113,14
228576 244 S2.7 47 .7 295 .47 121.09 154.45
22523 248 55.5 49 .0 249 .94 100.78 129.84
21970 278 63.0 57.0 223.47 80,38 103.94
£1893 228 50.2 45.2 223,25 97.82 125,56
22039 249 8.3 52.7 171.24 68.77 89.80
21985 290 68.0 61.5 186.77 64.40 84,13
21996 265 58,5 51.5 203.97 76.87 98,77
243564 283 66,0 59.6 316.24 111.74 145,73
24419 248 - - 240,35 96.92 -
24494 272 50.0 43,5 291.52 107.18 131.32
24558 292 74.5 67.5 275.08 94.20 126.46
24631 271 74.6 68.6 252,99 93.35 128.81
24436 280 64,0 56.7 236.44 84,44 109.48
24853 285 63.3 55.8 189.44 66.47 85.45
24623 264 52.8 46.0 233,50 88.40 110.586
24531 275 62,0 95.9 297 .40 108.14 138.62
£4686 248 41.5 37 .0 249 .49 100.60 120.82
Total | 6018 |1290.7 2163.08 28659.55
Av, 261.7 58.7 94,05 120.89




TABLE XV.

CONCENTRATION OF LIVER GLYCOGEN IN TER&S OF 100 Gi. OF PREGNANT
PORK-FED RATS OF SBERIES I

Number wWt. Wt. of |Wt. of wt. of Wt. of glycogen| Wt. of glycogen per
of rat of intact | feti + glycogen | per 100 gm. of | 100 gm. of gravid
rat | uterus | placentae| in liver | gr ' female minus uterus
5. 2. ga. g, Ag. ==.
21813 236 25.6 - 232.16 98.37 110.34
21909 250 - - 180,52 72.21 -
21825 260 42.0 36.0 178.78 68.76 82.01
21826 268 48.1 42.8 279.10 104.32 128.09
22240 2386 26.5 20.0 227.79 96.52 108.73
22238 235 56.5 49.5 253.73 95.75 121.11
22239 240 45.8 39.3 £47 .10 102,96 127.24
22160 232 54.0 47.5 213.45 92.00 119.92
22164 249 59.0 52.0 128.38 51.56 65.17
21773 250 40.8 34.2 150,50 60,20 71.94
21812 248 38.3 34.2 213.82 86.22 102.45
21922 242 10.7 - 136.66 56.47 59.08
21892 204 25.0 21.3 257.76 126.35 144.00
21971 300 58.5 49.5 176.58 58.86 73.12
22241 207 -— - 226.69 109.51 -
24051 240 - - 152.01 635.34 -
24625 186 — -— 131.41 70.65 -—
24652 238 50,0 45,5 2953, 45 106.49 134.81
24672 255 40.0 34.0 225.40 88.39 104.84
24685 217 - - 129.30 59.58 -
24632 214 - - 171.51 80,14 -
23934 226 - - 135.47 59.94 -
24607 231 - - 215.20 83,16 -
24660 203 - - 82.78 40.78 -
24058 - - - 221,73 - -
Total | 5900 2042, 18 1552,85
AV 3 81.69 103,52

AV, only for rats with living fati -- 248.1

-
L
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TABLE XVI.

CONCELTRATION

OF LIVLR GLYCOGLnN IR PORK-XLU RATS

SEOWING TOTAL RESURFIIONS anD IN PUORK-FED Ral5 wITH LIVING FETI

nats with totezl resorptions

Rats with living fetl

Nuamber Wt. of t. of fer cent number| Wt. of Wt. of Per cent
of rat liver glycogen | glycogen of rat liver glycogen glycogen
in liver in liver in liver in liver
&l}o Es. s__m. %o
22241 7.98936 226.69 2.84 21909 7 .8443 180.52 2.30
24625 6.0535 131.41 2.17 21825 B.2624 178.78 2,18
24685 6.2266 129.30 2.08 £1773 7.3773 150,50 2.04
24632 6.6231 171.51 £.99 21826 8.4703 279.10 3.30
23934 6.9589 135.47 1.95 22160 7.2099 213.45 2.96
24729 6.4758 203,06 3.14 2lalz 7.7292 213,82 2.77
24607 7.8101 215.20 2.72 22259 7.8098 247.10 3.12
24058 7.3410 221.73 3.02 22164 7.7564 28.38 1.86
21982 7.1528 136.66 1.9 22238 8.1605 253,73 Sedd
240561 8.8489 152.01 l.72 21971 8.8751 173.58 1.99
246380 6.6891 82.78 l.24 218982 6.2998 257.76 4,09
22240 7.8533 227.79 2.98
24652 7.3993 253, 45 S5.42
24672 7.6484 225.40 2,95
Total 78.2734 1805.81 25.38 108.5960 2986.36 38,85
AV e 7.1158 164.16 2.31 7.7568 £213.31 2,78




TABLE XVII. CONCENTRATION OF LIVAR GLYCOGEN IN RaTS OF SZERIES I
Number| Wt. Age |Wt, of|Wt. of |kt. of | Total [Wt. of | Per cent|Wt. of |Per cent
of rat|of of intact|feti+ |liver | wi. of glycogen|glycogen|glycogen|glycogen
rat rat juterus|placen~|sample| liver iin liver| in liver|in liver|in liver
ae amnple sample
gm. | deys[ gm. [ gam. &0, EO. ag. ag.
25387 | 262 129 49.0 42.7 4.0687 9.1229 103.14 2.53 222,00 2.43
5.0542 118.86 2.35
25421 | 268 1lé| 61.5 55.1 4.4446 8.4796, 123.36 2.78 248,29 2.93
4,0350 124.93 3.10
20529 | 276 111 64.8 57.8 4.8318 9.,4123 62.40 1.29 115.15 l.22
4.5805 52.75 1.15
25644 | 246 116| 64.2 58.0 4.4554 8.0880 $0.35 2.03 144,20 1.78
‘ 3.6326 5%.8%5 l.48
25754 | 248 117| 57.2 50.7 4.9923 7.4508| 126,03 2.58 187.76 2.52
2.4585 99.55 4.,05*
25796 | 228 113| 53.5 48.0 3.8129 7.8883 94.77 2.48 192.30 2.43
4.0754 97.959 2.39
25848 | 256 117 46.4 | 40.0 5.2339 | 10.2755] 1l26.77 2.42 265.10 2.48
5.0418 128.33 2.54
25917 | 254 130/ 50.5 43.3 4,2828 9.043ﬁ 112.24 2.62 245.64 2.71
4.7608 13%.40 2.80
26115 | 239 113| 60,0 53.0 3.4707 8.2078 76.01 2.19 165.54 2,02
4.,7371 - 89.53 1.89

* 0mitted from average.

Total wt. of glycogen estimated.
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TABLE XVII (cont.).

CONCENTRATION OF LIVER GLYCOGEN IN RATS OF SAkIES II

Number| Wt. Age [Wt. of|Wt, of {Wt. of | Total [t. of Per cent| #t. of Per cent
of rat|of of intact|feti+ |liver |wt. of glycogen|glycogen| glycogen|glycogen
rat |rat juterus|placea-|sample | liver [{n liver|in liver|ln liver|in liver
tae ample sample
gn. [days [ gm. | gm. £a. £3. ag. og.
26208 | 237 112 9.0 53.9 3.9676 8.3985 1l21.62 3.06 240,02 2.86
4,4309 118.40 2.07
Total 2514 |1174 | 566.1/502.5 86.3671 2016,00| 23.38
AV, 251.4| 117.4 56.8| 50.2 8.6367 201.80 2.34

~-28T~
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TABLE XVIII. CONCENTRATION OF FETAn GLYCOGEN FROM
CONTROL RATS OF S&RIES I
Number| Wt. of Nunmber | Wt. of | Wt. of Pexr cent
of rat| fetl plus| of feti| fetal glycogen | glycogen
placentae livers
£3. £ ag.

23388 52,0 13 2.2504 126.59 5.62
24364 59.6 12 2.2271 118.58 5.32
24419 - 8 2,0481 141.24 6.90
24494 43.5 9 1,3010 114.08 8.77
24558 67.5 15 2.1796 109.66 5.03
24631 68.6 14 2.1191 114.58 S5.41
24436 56,7 12 2.4543 128.06 5.22
24653 55.8 12 2,392¢ 140.84 5.89
24623 46,0 K4 1.5530 103.60 6.67
24531 55.5 11 1,9377 121.62 6.28
24686 37.0 9 1.5309 92.19 6.02
Totel | 542.2 122 | 21.9936 | 1311,04| 67.13
AV, 54.2 11.0 | 1.9994 119.18 6.10
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TABLE XIX. CONCENTRATION OF FETAL GLYCOGEIN FROM
PORK~-FZD RATS
Number| Wt. of Number | Wt. of | Wt. of Per cent
of rat | feti plus| of feti| fetal | glycogen| glycogen
placentae livers
gam. EX. [ HEE.

25387 42,7 9 1.8187 | 106.45 5.85
25421 55.1 13 1,8890 | 100.11 5.30
25529 57.8 14 2.2041 | 107.84 4.88
25644 58.0 11 1.8575 | 122.17 6.58
25754 50,7 11 1,4356 94,87 6.61
25796 48.0 10 1,3898 90.99 6.55
25846 40.0 8 1,4633 95.04 6.50
25917 43.3 9 1.8033 93.57 5.19
26115 53.0 11 1,.3837 88.08 6.36
26208 53.9 10 1,2026 78.31 6.51
24652 45.5 ") 2.0030 75.68 5.68
24672 34,0 7 1.3557 95.68 7.06
Total 582.0 122 19.80683 | 1146.51 71.07
AV, 48.5 10.2 | 1.6505 | - 95.54 5.92
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TABLE XX.

CONCENTRATION OF #ATLRNAL AND

No. of |No. of [Wt. of [ Wt. of | wt. ot Wt. of | Wt. of fe-| Wt.
rat feti |fetl and | mother | maternal{ fetal | tal and COg!
placentae liver liver | maternal mat
liver live

~ BZ. El. BE. EE. gu.
23388 13 52.0 | 286 8.3984 | 2.2504 | 10.6488 28]
ol 36l 12 59.6 283 9.1655 | 2.2271| 11.3926 31¢
2lkhi9 8 2l g 6.823% | 2.0481 8.4715 2l
ol gl 9 43,5 272 8.4765 | 1.3010 9.7775 29:
24558 15 67.5 | 292 9.1576 | 2.1796 | 11.3372 o7
24631 14 68.6 | 271 7.7535 | 2.1191| 9.8726 25:
236 12 56.7 | 280 7.6601 | 2.4543 | 10.1144 23¢
24653 12 55.8 285 8.1014 | 2.3924 | 10.4938 18¢
24623 7 46.0 | 264 8.0282 | 1.5530| 9.5812 23:
24531 11 55.5 | 275 8.7062 | 1.9377| 10.6439 29
24686 9 37.0 | 248 6.3435 | 1.5309| 7.874k 2li¢
Total | 122 | 342.2 [3004 88.6143 |21.9936 | 110.6079 | 286¢
Average| 11.01| 4.2 |273.00 | 8.0558 | 1.999% | 10.0553 26(







#ATERNAL AND FETAL LIVER GLYCOGEN IN CONTROL RATS

of fe-| Wt. of gly- Wt. of Fetal gly-| Maternal + fetal | Maternal + fetal
and cogen in glyoogen| cogen and | glycogen per 100 | glycogen per 100
ernal maternal in fetal| maternal gn. of fetal and | gm. gravid female
er liver liver glycogen maternal liver
m. “HE. ng. og- og. ng.
. 6488 287 .28 126.59 413.87 3886.54 144,71
.3926 316.2k 118,58 434, 82 3816.69 133.65
.8715% 240,35 141,24 381.59 4301.30 153.87
1775 291.52 114, 08 405.60 414&.30 149.12
3372 275.05 109.66 384 .71 3393.34 137.50
.8726 252.99 114.58 367.57 3723.13 135.63
L1144 236.44 128.06  364.50 3603.77 130.18
4938 189.44 140.84 330.28 3147.38 115.89
.5812 233.50 103. 60 337.10 3518.34 127.69
', 6439 297.40 121.62 419.02 3936.71 152.37
.y 249.49 92.19 341.68 4339.12 137.77
). 6079 2869.70 1311.04 L180.74 hig1h, 62 1518.38
).0553 260.88 119.18 380.07 3801.33 138.03
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TABLE XXI. CONCENTRATION OF MATERN,

No. of | No. of | Wt. of Wt. of Wt. of Wt. of| Wt. of fe-| Wt
rat fetli fetl and | mother maternal] fetal | tal and 00§

rlacentae liver liver ixﬁ:gnal lfg.:

gm. gu. gu. BE. gm. ]

25387 9 ka7 262 9.1229 1.8187 | 10.9416 22
25421 12 55.1 268 8.4796 1,8890 | 10,3686 2l
25529 14 57.8 276 9.4122 2.2041 | 11,6164 11
26644 11 58.0 246 8.0880 1.8575 9.9455 1
25754 | 11 50.7 2hg 7.4508 1.4356 | 8.8864 22
25796 | 10 4&.0 | 228 7.8882 | 1.38%8 | 9.2761 19
25848 . 40.0 256 10.275% 1.4633 | 11.7388 25
25917 9 43.3 254 9.0l 34 1.8033 | 10.8467 ol
26115 | 11 53.0 239 8.2078 1.3837 | 9.5915 16
26208 10 53.9 237 8.3985 1.2026 9.6011 24
2652 9 45.5 238 7.3993 2.0030 | 9.4%023 25
oh672 | 7 w0 | 255 7.648% |1.3557 | 9.o041 | 22
Total |[122 582.0 [3007 101.4148 [19.8063 [121.2211 253
Average| 10.2 4g.5 250.58| 8.4512 1.6505 | 10.1018 21







ITRATION OF MATHRNAL AND FiTAL LIVER GLYCOGEN IN CONTROL RATS

f| Wt. of fe-| VWt. of gly-| Wwt. of gly-| Fetal gly~- | Maternal + fetal | Maternal +
‘ tal and cogen in cogen in cogen and | glycogen per 100 | glycogen p
maternal maternal fetal maternal gm. of fetal and | gm. gravid
liver liver liver glycogen maternal liver
gm. mg. g, ng. ~ ng. ng.
10,9416 222,00 106.45 328.45 3001,85 125.36
| 10,3686 2L 8, 29 100,11 348,40 3360.14 130.00
11.6164 115,15 107. 64 222.79 1917.80 80.72
: 9.9455 144, 20 122,17 266.37 2678.29 108. 28
: 8.8864 225,58 o4, 87 320.45 3606.07 129.21
| 9.2781 192.30 90.99 283.29 3053.31 124 .47
| 11.7388 255.10 95. 0k 350. 14 2982.75 136.77
| 10.8467 2l5, 6l 93.57 339.21 3127.31 133.55
9.5915 165. 54 88.06 253.60 2644 .00 106.11
: 9.6011 240.02 78.31 318.32 3315.56 134.32
) 9.4023 253.45 73.62 327.07 3478.62 137.42
| 9.0041 | 225.40 95. 68 321.08 3565.93 125.91
 [121.2211 2532.67 1146.51 3679.18 36731.63 172,12
» | 10.1018 211.06 95. 5l 306.60 3060.97 122.68







'ERNAL AND FiTAL LIVER GLYCOGEN IN CONTROL RATS

Wt. of gly~| Wt. of gly-| Fetal gly- | Matezrnal + fetal | Maternal + fetal
cogen in cogen in cogen and | glycogen per 100 | glycogen per 100
maternal fetal maternal gm. of fetal and | gm. gravid female
liver liver glycogen maternal liver
mg. og. mng . - ng. ng.

222,00 106,45 328.45 3001, 85 125.36

248, 29 100,11 348,40 3360. 14 130.00
115,15 107.64 222,79 1917.80 80.72

Thir, 20 122,17 266.37 2678.29 108. 28
225,58 o4,87 320,45 3606.07 129.21
192.30 90.99 283%.29 3053.31 124 .47
255.10 95. 04 350,14 2982.75 136.77

245, 64 93.57 339.21 3127.31 133.55

165. 54 88.06 253.60 26U44.00 106.11
240,02 78.31 318.32 3315.56 134,32
253,45 73.62 327.07 3478, 62 137.42
225.40 95. 68 321.08 3565.93 125.91
2532.67 1146.51 3679.18 36731.63 172,12
211.06 95, 5l 306.60 3060.97 122.68







TABLE XXII.

CONCENTR&ATION OF LIVER GLICOGalN IN CONTROL sND PORK~-FED RsATS
MATCHED &S TO NUWBzR OF FETI

No.
of
rat

25029
25421
25644
25754
26115
25917

24652
25387
25848
24672

Wt. of |
fetl+
pla-
cantae

57.8
55.1
58.0
50.7
53.0
43.9

45.5
42.7
40.0
34.0

Pork I rets Steenbogck V rats
No. |Per cent | Fer cent No. Wt. of | No. | Per cent | Per cent
of of fetal | of mater- of feti+ | of of fetal | of mater-
feti|{liver nal liver rat pla- feti| liver nal liver
lycogen lycogen eentaei= glgcogen glgcogen
g,
14 4.88 1.22 24631 68.6 14 D.41 3.26
13 5.30 2.93 23388 52.0 13 5.62 3.42
1l 6.58 1.78 24531 55.5 11 6.28 3.42
11 8.61 2.52
11l 6.36 2.02
9o 5.19 2.71 24494 43.95 9 8.77 3.44
9 3.68 3.42
) 5.85 2.43
8 6.50 2.48 24419 8 6.90 3.52
7 7.06 2.95 24623 46.0 7 6.67 2.91

=491~



TiBLE XXIII. CONCENTRATION OF REDUCING SUBSTANCES IN
THE GASTROILTESTINAL TRACT II' STARVED COJTROL R.TS OF
SERIZS III
Number Volume Wit. of reducing Wt. of reducing
of rat of subgtances in 6 substances in

washings cc. slicuot gastrointes-
tinal traet
Lo, nge. mz.
Pregnant rats
2541¢ 250 0.28 138.77
25646 " 0.24 12.18
25967 " 0.21 16.40
25851 " 0.20 9.3
25799 " 0.23 11,34
Total 1.16 57.54
iverege 0.83 11,51
Virvgin rais
25417 250 0.26 13.1%7
25648 " 0.26 iz2.82
25968 n 0.25 12.68
258562 " 0.86 12,82
25800 " 0.23 il.74
Total 1.28 63.23
Average 0.25 12,65




TABLE XXIV.

=188w

CONCENTRATIONS OF REDUCING SUBSTANCES IN

TH& GASTROINTESTINAL TRACT OF STARVED PORK-FED RaTS

OF SERIES III

Number Volume Wt. of reducing Wt. of reducing
of rat of substances in 5 substances in
washings cc., aliquot gastrointes-~
tinal tract
Lco. mg, mng.
Pregnant rats
25388 250 —— 10.34*
25420 " .28 1z2.82
25530 " 0.29 14.46
25645 v 0.27 13.72
25755 " 0.26 13.12
Total 1.08 54.12
Average 0.27 13.53
Virgin rats
25389 250 — 11.47
25422 " 0.27 13,32
25531 " 0.23 11.74
25647 " 0.21 10.70
25756 " 0.20 10.10
Total 0.91 57.33
Aversage 0.23 11.46

* Some of intestinal contents were lost. Omitted
from average.




TABLE XXV,

180w

CONCENTRAT ION OF REDUCING SUBSTANCES IN

THE GASTROINTESTINAL TRACT OF CONTROL RATS OF
SERIES III AFTER FEEDING GLUCOSE

Number Volume Wt. of reducing Wt. of reducing
of rat of substences in 5 substances in
washings cc. alliquot gastrointes-~
tinal tract |
c_ct M. %0
Pregnant rats
25920 250 0.21 10.70
26080 ” 0.9 9.70
26199 " 0.22 11.09
26270 i 0.22 11.09
26276 " 0.18 8.76
27927 " 0.20 9.95
28115 " 0.20 9,90
28291 " 0.20 10.65
Total 1l.62 81,89
Average 0.20 10,25
Virgin rats
25921 " 0.20 10.24
26081 " 0.24 1l1.88
26200 " 0.25 12,68
26271 b 0.18 8.96
27929 " 0.24 11.78
28336 " 0.36 18.08
28117 d 0.28 14,06
28293 " 0.28 14.02
Total 2,03 101.70
Average 0.25 12.71
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TABLE XXVI. CONCENTRATION OF REDUCING SUBSTANCES IN THE
GASTROINTEST INAL TRACT OF PORK-FED RATS OF SERIES III
+FTER FEEDING GLUCOSE

Number Volume Wt. of reducing ¥Wt. of reducing
of rat of substances in § substances in
washings cc. aliquot gastrointes~
tiral tract
cc. ng. me,
Pregnant rats
25849 250 0.26 lz.82
25918 o 0.25 12.48
25797 " 0.25 12.68
26116 " 0.25 12.38
26209 ” 0.22 10.99
28290 " 0.27 13.42
28lle " 0.23 1l.44
28489 " 0.27 13.67
Total 2.00 99.88
Average 0.25 12.48
Virgin rats
25850 250 0.49 24,53
25919 " 0.22 10.8%
25798 " 0.20 9.80
26117 " 0.21 10.30
26210 " 0.23 1l.64
28292 " 0.26 12,92
28116 " 0.22 10.94
27928 " 0.18 9.05
Total 2.01 100.07
Average 0.25 12.50




TaBLE XXVIIL.

=192=

CONCENTRATION UF HBDUCING SUBSTANCES InN

THE GASTROINTLESTINAL TRaCT OF RaToO OF SARIES IV

Number Voluue Wwt. of reducing | Wt. of reducing
of rat of substances in § substances in
weshings cc. aliyuot gastrointes-
tinal tract
Lc. &g BR.
Preguant rats
28412 250 0.28 13.96
28575 " .27 13.57
28798 " Q.22 10.89
23788 " 0.21 10.74
£8893 " G.24 12.28
Total 1.22 6l.44
Average 0.24 12.29




TABLE

AXVIII.

CONCENTRATION OF LIVER GLYCOGEN

OF SERIES III

IN STARVED PREGNANT CONTROL RATS

Number Wt. Age [Wt. of|Wt. of |Wt. of| Total [Wt. of | Per cent|Wt. of | Per cent
of ray of of intact feti+ |liver | wt. of |glyccgen| glycogen|glycogen glycogen
rat |ret |juterus|placen-|sample| liver |in liver| 1n liver|in liver| in liver
tae sample sample
EZ.  |dey | g@. | gE. | &5 Em. | EE. CEg.
25416 | 226 154 56.2 50.7 3.2842( 5,6905) 1.78 0.04 2.71 0.08
2.4083 1.33 0.06
25646 | 217 |12¢9 - — 3.7272| 6.,6525| 1.73 0,05 3.24 0,u3
2.9055 1051 0005
25967 | 281 123 55.5 49.2 3.0034| 6.8098| 1.40 0,02 2.78 0.04
3.8062 1.38 0.04
25851 | 226 142 44,5 38.7 3,170l 6.1962| 1.33 0,05 2,70 0.04
3,0261 1.37 0.04
25799 | 250 (135 | 48.4 | 43.2 |3.4950| 7.2374 1.39 0.04 2.92 0.04
3.7424 1.53 0.04
Total |1180 {681 [05.6 [181.8 32,5662 14.35 0.22
AV, 236.0|136.2| 51.4 45.4 6.5132 2.87 0.04
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TABLE XXIX.

CONCENTRATION OF LIVER GLYCOG:EN IN

OF SEBRIES III

STARVED VIRGIN CONTROL RaTS

Number| Wwt. Age Wt. of | Total | Wt., of Per cent | Wt. of Per cent
of rat| of of liver wt., of | glycogen glycogen glycogen glycogen
rat rat sample liver in liver in liver in liver in liver
ample sample
£8. aays £4. £8. HZe. ng.
256417 156 144 1.8082 4.5651 8.32 0.48 18.67 0.41
2.7569 10.35 0.38
25648 152 159 2.3013 4.3744 1.96 0.08 3.90 0.09
2.0731 l.94 0.09
25968 184 129 2.5551 4,9930 1.5%5 0.06 3.16 0.06
2.4379 1.80 0.08
25852 176 147 2.2672 5.0393 6.91 0.30 15.18 0.30
2.7721 8.27 0.30
25800 170 171 2.2071 4.4800 2.02 0.92 3e.94 0.09
2.2729 l.92 0.84
Total 838 750 23. 4518 44,85 0.95
Av, 167.6 | 150.0 4.6904 8.97 0.19

~P6T~-



TABLE XXX,

CONCENIRATION 0¥ LIViE GLYCOGEN IN STLRVEDL PRIGHNANT PORK~-FED
RATG OF SERIES III

Numbern wt. Age Ft. of [Wt. of | Wt., of| Total (Wt. of Per cent|Vt. of Per cent
of rafyf of of Hotaet|feti+ |liver | wt. of |glycogen|glycogen| giycogen|glycogen
rat rat uterus|plscen-| sample| liver [in liver|in liver|in iiver|{in liver
tae gaiinle n
gs. |gays| gm. | g &l 2. 7. Tz,
25388 | 268 |130 48.0| 41.5 |5.3273} 8.5251 | 1.47 0.03 2.74 0.03
3.1878 1.27 0.04
25420 | 278 (125 82.5) 54.7 4,1561 1 7.5105] 1.3& 0.03 2.71 0.04
3.3554 1.33 0.04
25530 | 266 |[l24 47.5| 41.5 | 3.0870| B.4676| 1.40 0.04 2.93 0.03
5.4006 1.53 0.03
20645 | 228 |137 38.5| 33.1 | 2.8318] 6.3021| 1.52 0.0b 2.92 0.05
3.4703 1.3¢ 0.04
25755 | 240 1z8 41.5 | 34.7 3.7710| 7.4015| 1.3 0.04 £.65 0.04
3.6305 1.30 0.04
Total 1258 |644 | 238.0(205.5 38,2068 13.95 0.19
Av, 251.6{128.8 47.6| 41.1 7.6414 2.79 0.04

-g6T~
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TABLE XXXTI.

CONCENTRATION OF LIVER GLYCOGEN IN

OF SBRIES III

STARVED VIRGIN PORK~FED RATS

Number | Wt, Age Wt. of | Total | Wt. of Per cent Wt. of Per cent
of rat| of of liver wt. of | glycogen | glycogen | glycogen | glycogen
ret rat gample | liver | in liver in liver in liver in liver
sample sampls
gx. | days go. £B- ag. me.
25389 176 130 2.3283 5.4047 3.15 0.14 6.36 Q.12
3.0764 3.21 0.10
25422 | 188 125 2.4005 5.1270 2.06 0.12 4.26 0.08
2.7265 2.20 0.08
25531 189 124 2.8346 5.5771 6.46 0.23 13.66 0.24
2.7425 7.20 0.26
25647 | 160 137 2.1194 | 4.4152 2.80 0.13 5.88 0.13
2.2958 3.08 0.13
25756 172 132 2.4191 5.570¢ 49.46 2.94 101.92* 1,83*
3.1518 52.47 1.689
Total | 885 648 26.0949 30.14 0.57
Av, 177 129.5 5.2190 7.54 0.14
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TABLE £XXII.

CONCENTRATION OF LIVER SLYCOG:H IN PHREGNANT CONTROL IeTS
OF OBRIES III AFTER FAELING GLUCOSE

Kuabed wt, sge |Wt. of (Wt. of | Wt. of| Total |Vt., of |Per cent|%Wt. of |Per cent
of rai] of of |intsot|fetl+ | liver | wt. of| glycogen| glycogen| glycogen| glyccgen
rat | rat |uterus|plecen< ssmple| liver |in liver|in liver|in liver|in liver
tae sample |esmole
8 | CayB | gh. | ghi. £ite Bibe | . Lg.
25920 | 214 140 45.2 | 39.7 3.8722 | 6.12982| 14.28 O.44 ol .57 0.32
2.85670 17.22 0.60
£6080 | 264 128 51.5| 45.5 3.06C2| 6.5985| 1ll.&4 0.3% 22,58 0.33
S €8S ic.74 0,28
26199 | 270 145 65.0| 68.3 OeDEPE | 7.5180| 16.583 0.56 36.78 0.50
3.9888 17.69 0.45
26270 | 234 112 48.0| 41.2 3.3394 | 6.4587 6.28 0.19 12.53 0.19
Z.1193 6.25 0.20
26276 | 280 136 77.5| 61.7 | 3.5169| 7.0486| 55.70 1.70 87.90 i.,20
3.5217 26.80 0.5C
27927 | 258 | 155 | 4.2 | 48.0 | 3.6609| 7.0926| 25.88 0.6 | 48.97 0.69
3.2317 c&.29 0.72
28115 | 248 140 6l.2 ]| 5b.4 | 2.8997 | 6.4187| 15.66 0.54 34.81 0.54
3.5200 19.15 0.54
28291 | 242 126 51.2 | 46.5 3.2970 | 6.9106| 45.96 1,39 86.90 1.26
3.6156 40. 94 1,13
Total |2010 (082 453.8 [396.1 54.2759 362.04 5.28
AV, 251.2{ 135.8 56.7 | 49.5 6.7845 45.26 0.66
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TABLE XXXIIIX.

CONCENTRATION OF LIVER GLYCOGEN IN VIRGIN CONTROL RATS
OF SZRIES III AFTER FEEDING GLUCOSE

Number| wt. Age Wt. of | Total Wt. of Per cent wWt. of Per cent
of rat| of of liver wt. of | glycogen | glycogen | glycogen | glycogen
rat rat pample | liver | in liver in liver in liver in liver
: pample samnple
gol. days £m. £, mg. mZ .
25921 1e7 158 2.4867 5.3598 39.08 1.57 82.78 1.54
2.8731 43.71 1.52
26081 | 182 141 3.1132 | 5.8247 22.83 0.73 37.94 0.67
2,511% 15.11 0.60
26200 | 200 191 3.3826 6.1447 27.94 0.82 60.84 0.99
2.7621 32,90 1.19
26271 | 160 118 1.,8232 | 4.1006 17.68 0.97 32.37 0.79
2.2774 14.69 0.64
27929 175 185 2.6202 5.2678 15.56 0.59 36.50 0.69
2.6476 20.94 0.79
28336 | 177 140 35,0352 | 5.4243 37.91 1.25 71.91 1.32
2.3891 34.00 1.42
28117 | 174 152 2.8252 5.4441 41,04 1.56 84.46 1.55
2.8189 43.42 1.54
28293 174 130 2.,8732 5.6705 £9.50 1,03 52.47 0.92
2.,7973 22,97 0.82
Total | 1409 1215 43,0365 459.27 8.47
Av, 176.1| 151.9 5.3796 57.41 1.06
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TABLE XXKIV.

CONCENTRATION OF LIVER GLYCOGEN IN PREGMANT PQRK-FED KaTs

CF SZRIZS IIT ANTER FEEDING GLUCOSE
Number] Wt. | Age Wt. of|Wt. of |Wt. of| Total |¥Wt. of |Per cent|Wt. of |[Per cent
of rat|of of |(intaot|feti+ |liver | wt. of|glycogen|glycogen| glycogen|glycogen
ret | ret juterus{plercen-| semple| liver |[in liver|in liver| in liver|in liver
Ltoe gamnle samole
e aaye it LZle £ga. T e, ag.
25849 | 244 125 47.5] 40.8 3.5611 | 7.13%058| 25.08 0.66 42 .47 0.80
S.0724 lé.89 0.53
209138 | 8oV 13 o8.41 50.4 2.¢199 | 3.0246]| 31.99 0.82 8l.12 V.79
4.1047 29.13 .71
20787 | 254 172 435.9| 36.2 4.,1873 | 7.24€7| £23.01 -85 48,45 Cell4
Ced01s 20,44 0.78
26118 | 230 137 47.6| 41 .4 3.5246 | 6,3899 8.:%1 Q.29 15.78 0.25
5.0603 7.07 0.25
26209 | 252 123 50.0] 54.1 3.28673 | 7.5477| 20.99 0.64 39.31 .52
4.23805 18,42 Ve 4d
28290 | 233 132 17.3] 13.3 4.2083 | 7.5956| 57.27% 0.89 867.73 0.89
Je. 5894 30.0d V.90
28114 | 230 147 29.5| 20.1 300637 | 6.3260 | 26.24 C eSO 52.43 0.83
5.2578 28.18 | ©.80
28489 | 250 117 2C.9 | 1i8.2 4.0840 | 7.7646| 27.48 C.07 47.42 C.61
Z.6806 1¢.94 C.54
Total 1943 [068 314.7|279.5 58,3311 374.76 5.10
AV, 242.9 133.2] 39.3| 34.9 7.2914 46 .84 0.64

~86T-



TABLE XXXV, CONCENTRATION OF LIVER GLYCOGEN IN VIRGIN PORK~-FED RATS
OF SERIES III AFTER FEEDING GLUCOSE

Number| Wwt. Age Wt. of | Total |Wt. of Per cent | Wt. of Per cent
of rat| of of liver wt, of |glycogen | glycogen | glycogen | glyecogen
rat rat sample | liver | in liver in liver in iiver in liver
sample sample
£ days £42. £3. ng. Zg.
26850 | 175 123 2.9199 | 5.8895 22,92 0.78 71.78 1.22
. 2.9696 48.86 l1.64
25919 | 147 126 2.7443 | 5.0384 41.46 1.51 80.89 1.80
2.2941 39.43 1.72
26798 | 174 185 2.6410 | 5.4201 53,73 2,03 108,33 2.00
2.7791 54.80 1.96
28117 172 144 2,5860 4,9010 22,97 0.8¢9 44.24 0.90
2.3150 21.27 0.92
26210 | 178 128 2.8652 | 5.4200 25.73 0.90 51.82 0.98
' 2.5648 26. 96 1.05
28292 | l1le8 139 2.5213 | 6.1232 54.78 2.17 108.42 2.12
2.6019 53.64 2.06
28116 | 180 152 2.4997 5.8329 43.33 1.73 86.81 1.66
2.7332 43.48 1.59
27928 | 184 141 3.1941 5.7009 50.05 1.57 $3.29 l.64
2.5088 43.24 1.72
Total (1378 |1138 42,7280 645,58 12,10
Av. 172.2] 1l4z2.2 5.3408 80.70 1.51




TABLE XXXVI.

CONCENTRATION CF LIVAR GLYCOGHEK IN RATS OF SERIES IV

Number Wt. | Age Mt. of |Wt. of | Wi. of| Totzl |Wt. of |Per cent|Wt. of |Per cent
of rat| of of intact [feti+ | liver | wt. of|glycogen|glycogen| glycogen ﬁiyeOgen
rat |rat pterus|placen-| sampls| liver |in liver|in liver| in liver liver
tae sample saimple
£z. jd&ys| gzz. | M. En. B Bg. ma.
28412 | 244 | 115 43,8 37.3 | 3.4085] 7.Z087| £4.76 0.73 5Z.90 0.71
305062 £7.24 0.69
28575 | 238 96 45.8| 43.4 3.0206| 6.5450 9.04 0.39 i8.22 0.28
3.5244 9.18 C.26
28798 | 235 |118 £8.3| 24.1 | 5.5521] 6.9593| 30.58 1.00 75.80 i.06
3.4072 &8.14 l.12
28788 | 276 138 60.4| 53.2 3.46987| 7.2624| 20.86 0.60 48, 47 0.67
3,7927 27.61 0.73
28893 | 228 |129 - - 4.1780| 6.81l23! 45.43 1,04 74.44 1.09
2.6345 31.01 i.18
Total 1221 |[596 | 178.3(158.0 34.9379 266,933 5.81
AV, 244,.2| 119, 44.6 | 39. 86,9876 83.39 0.76




TABLE XXXVII.

OF SERI®S III1

QUANTITY OF GLUCOSE ADMINISTERED TO PRLEGNANT CONTROL RATS

Numberxr Dilution Wt. of glucose wt. of glucose| Wt. of glucose %“t, of
of rat factor in 5 ce. aliguct| 4in washings in sclution glucose
Nash-| Glucose | Wash-~ | Glucose from catheter | administered admin-
ings | solution| ings | solution plus washings istered |
%o %o E& . mo %o
25920 | 200 1000 1.3001 1.0372 260,02 1037.20 777.18
26080 " L 1.3179 | 1.0987 263.58 1098.70 835.12
26199 * " 1.7266 | 1,1453 345.22 1145.30 799.98
26270 " " 1.7167 | 1l.0818 343.54 1081.80 738.46
26276 " " 1.6959 0.8944 339.18 894.40 555.22
27927 " " 1.9627 1.0957 392.54 1085.70 703.26
28115 " had 1.8873 | 1l.1116 377 .48 1111.61 734.15
28291 | " 1.,8715 | 1.,1393 374 .30 1132,.30 765.00
Total 2695.74 8604.01 5908.37
Av, 336,97 1075.50 738.55

=50c=



TABLE XXXVIII.

OF SERIES IIX

QUANTITY OF GLUCOSE ALMINISTERZD TO VIRGIN CUNTHROL RATS

Number Dilution wt. of glucoss | Wt. of glucose| Wi. of glucose| WiL. of
of rat factor in & eo, aliguot in washingzs in solution glucose
Wash=-| Glucose | Wash=- | Glucose | from catheter administered | admin-
ings |solutlon| ings | solution plus washings | istered
4z 28 a2 e =2
25921 | 200 1000 |{1.7742 | 1.1086 354.84 1108,60 753.76
26081 " " 1.7573 | 1.1324 351.46 113z2.40 780.94
26200 " " 1.,3050 | 1.11i%76 261.00 1117.50 8566.50
26271 " " 1.5808 | 1.095% 318.16 1095.70 779.54
27929 | 500 " 0.8507 | 1.1176 425.35 1117.50 692.15
28336 " " 0.6186 | 1,0897 309,30 1089.70 780,40
28117 " hd 0.6126 1.1066 306,50 1106.64 800.34
28263 " " 0.8388| 1.1175 419.40 1117.50 698.10
Total 2743.81 8885.54 6141.73
Av, 342.98 1110.69 767.72

—-Q Y o



TABLE XZIXIX,

OF SERIES IIIX

QUANTITY OF GLUCOSE ADMINISTERLD TO PREGNANT FORK-FED RATS

Number Dilution Wt. of glucose | wt., of glucose| Wb, of glucnse| WwWt. nr
of rat factor in S ec. sliquot in wushings in solution glucoce
.ech=|Glucose wash- | Glucose from catheter edninistered admin-
ings |solution| ings solution plus washings istered
8g. L. Lighe gz . L.
20849 - 1000 0.8765 ———— - 876.50
25918 | 200 " 0.8725 ————— - 872.50
25797 " ” 1.3507 | 1.1106 270.14 1110.60 840.46
26116 " " 1.7742 | 1.1432 354.84 1143.30 788,46
26209 " " 1.6750 1.0739 335.00 1073.91 738.91
28290 " " 1.9181 1,1493 383.02 11496.30 766.28
28l14 | 500 w 0.8279 | 1.0917 413,95 10981.70 877.75
28489 had b 0.6474 | 1.1046 323.70 1104.68 780.68
Totel 2080.65 0673.47 6341 .52
Averag4 346.78 1112.24 792.73

m-



TABLE XL. UANTITY OF GLUCOSE ADAINISTERED TO VIRGIN FORK-FED RalS QF
SERIBS III

liumber Diluticn . of glucoss Wte Of glucose| ¥vi. of glucwse| Wt. oX
of rat factor in 5 ce. sliauct ir washinge ir colution gluccuse

l.ash=|GLucoge yash- | Glucose from catheter udministered edmin-

ings |solution| ings | solution plus weshings | istered

Lg. Bz, EZe &2 ug.

25850 —— 1000 —— 0.8854 — —— 885,40
25919 200 il 1.3978 | 1.1195 279.46 1119.%0 840.04
25798 e d 1.6870 1,109% ST e 40 1109.60 772.20
26117 hd " 1.55&80 1.0540 oLl .6V 1054.00 742.40
26210 w " 1.6750 | 1,0739 337 .00 1095.70 758.70
28292 500 " 0.6464 | 1.,1592 323 .20 1159.20 836.00
28116. l " 0.5928 | 1.1066 296.40 1106.60 810,20
27926 | 200 " 1.3636 1.111¢6 272,72 1111.60 838.88
Total £1587.7¢8 7756.20 6483.82
Av, 308.25 1108.08 810.48

-g0c=



TABLL ZLI.

GUANTITY OF GLUCUSE ADMINISTEREL Tu ReTS OF SERIES IV

Numb er Diiution Wt. of gluccse | wWt. of glucose| kWt. of glucosel Wwt. of
of rat factor in £ o0, aliguot | in washings in sclution glncose
Wash-|Glucose | wash- | Glucose | from catheter administered | sadain-
ings |solution| ings sclution plus washings istered|
. ag. e Lg. Dge
28412 500 1000 0.9231 1.2217 461,55 1221.70 760.15
28075 " d 0.6503 1,1235 320.15 1123.30 798.39
28798 " " 0.6523 1.11%5 326.15 1119.50 793.35
28738 " L 0.6811 | 1.2197 540,55 1219.70 879.15
28893 " " 0.6969 1.0094 348.45 1009.40 660,95
Total 1801.85 5693.80 3891, 95
AVe 360,37 1138.78 778,39




TABLE XLII. QUANTITY OF GLUCOSE ABSORBED BY PREGNANT CONTROL R4TS
OF SERIES IIX

Number{ wt. ¥t. of ¥Wt. of reduc- AV, wt. of reduc- Wt. of Per cent
of rat| of gluocose ing substances | ing substances in glucose gluoose

rat |adminig-| in gastroin- gastrointestinal absorbed | absorbed

tered testinal trasct | traet of starved rat

£a. ng. ng. ag. og.
25920 | 214 777.18 10.70 11.51 777.99 100.10
26080 | 264 835.12 9.70 " 836,93 100.22
26199 270 799.98 11.09 " 800.40 100.05
26870 234 738.46 11,09 o 738.88 100,06
26276 280 555.22 8.76 o 557.97 100.50
27927 258 703.26 9.95 " 704.82 100.22
28115 248 734,15 8.95 i 735.71 100.21
28291 242 765.00 10,65 o 765.86 100.11
Total | 2010 5908.37 81.89%9 5918.56 801.47
Av, 251.2] 738.55 10.25 739.82 100.18

=-L03-



TABLE XLIII.

OF SERIES III

UANTITY OF GLUCOSE ABSORBED BY VIRGIN CONTROL RATS

Number| Vit. Wt. of Wt. of reduc- | Av. wt. of reducing | wt. of Per cent
of rat| of glucose | ing substances| substances in glucose | glucose

rat |adminis-| in gastroin- gastrointestinal absorbed | absorbed

tered testinal trect| tract of starved rst

ga. ag. ng. ag. ag.
25921 187 753.76 10.24 12.85 756.17 100,32
26081 iez2 780.94 11.88 " 781,71 100.10
26200 | 200 856,50 12,68 " 856.47 100.00
26271 | 160 779.54 8.96 " 783.23 100.73
27929 175 892.15 i11.78 hd 695.02 100.12
28336 177 780, 40 18.08 " 774,97 99.30
28117 | 174 800.34 14.06 " 798.93 99.82
28293 i74 | 698.10 14,082 " 696.73 99.80
Total |1409 6141.73 101.70 6141.23 800.19
AV, i76.1| 767.72 12,71 767 .65 100.02

-f0n%7=



TABLE XLIV,

OF SERIES III

QUANTITY OF GLUCOSE ABSORBED BY PREGNANT PORK-FZD RATS

Number| Wt. Wt., of wt. of redue~ | Av. wt. of reducing | wt. of Per cent
of rat| of glucose | ing substances| substances in glucose | glucose

rat |adminis-| in gastroin- gastrointestinal absorbed| absorbed

taered testinal trect| tract of sterved rat

2. ng. ag. ng. ng.
25849 | 244 876.50 " l2.82 13.53 a877.21 100.08
25918 2560 872.50 i12.48 " B873.99 100,12
25797 254 840.46 12.68 " 841,31 100.10
26116 | 230 768.46 12,38 " 789.81 100.14
26209 252 738.91 10.99 " 741.45 100.34
28290 238 766.28 13.42 " 766.39 100.01
28114 230 677.75 1l.44 " 679.84 100,31
28489 | 250 780.96 13.67 " 780.82 99.98
Total | 1943 6341 .81 99.88 6350.18 801,08
AV, 42.9 792.73 12,48 793.77 100,14

-A03Z~



TABLE XLV,

OF SERIZES IIIX

QUANT ITY OF GLUCOSE ABSORBZD BY VIRGIN PORK-FED RATS

Number| wt. |Wt. of Wt. of reduc~ | av. wt. of reducing | Wt. of Per cent
of rat| of glucose ing substances | substances in glucoss | glucose

ret |adminis-| in gastroin- gastrointestinal absorbed | absorbed

tered testinel traot | tract of starved rat

£llle g, L. age. ag.
25850 | 175 885.40 24.53 11.46 872.33 £8.52
25919 | 147 840.04 10.89 " 840.61 | 100.07
25798 | 174 772.20 9.80 " 773.86 100.21
26117 | 172 742.40 10.30 " 743.56 | 100.16
26210 | 178 758.70 11.64 " 758.52 99.98
28292 | 168 838,00 12,92 " 834.54 §9.82
28116 180 810.20 10.94 " 810,72 100.06
27928 184 838,88 9.05 " 841.29 100.29
Total {1378 648%.82 100,07 6475.43 | 799.11
AV, Si72.28 810.48 12,50 809.43 99.89

~Q0T3~



TABLE XLVI., GQUANTITY OF GLUCOSE ABSORBED BY RATS OF SZRILS IV
Number| Wt. Wt. of wt. of reduc- Av, wt, of reduc~ W, of Per cent
of rat| of glucose ing substances| ing substances in glucose | glucose

rat | adminis- | in gastroin- gastrointestinal absorbed | absorbed

toered testinal tract| tract of starved rat

ﬂo __s. Mo mge. %o
28412 244 760.15 13. 96 11.46 757.65 99.67
28575 | 238 798,356 23,07 o 796.24 99.74
28798 | 235 793.35 10.89 " 793.92 100,07
28788 | 276 879.15 10.74 v 879.87 100.08
28893 | 228 660.95 l2.28 " 661,77 100.12
Total (1221 3891,95 6l.44 2869.45 499,68
Av, 244.2 778.39 12.29 777 .89 99.94




TABLE LXVII.

~212-

LIVER GLYCOGEN DEPOSITION IN PREGNANT

CONTROL RATS OF SERIES III IN TERuS OF GLYCOGEN INDEX

Number| Wt. | iig. of |lMg. of liver [ iig. glucose | Glyco-
of rat| of glucose |glycogen per | absorbed gen

rat | absorbed|100 gm. liver | per 100 gm. | index

of rat

EE:
25920 | 214 777.99 520 563,55 1.43
26080 | 264 836, 93 330 317.02 1.04
26199 | 270 800.40 500 296.44 1.69
26270 | 234 738.88 190 315,76 0.60
26276 | 280 557.97 1250 199.28 6,27
27927 | 258 704.82 690 273.19 2.52
28195 | 248 735.71 540 296.66 1.82
28291 242 765.86 1260 316.47 3. 98
Total (2010 13.03
AV, 251 1.86

* dmitted from average



TABLE LXVIII.

LIVER GLYCOGEN DEPOSITION IN VIRGIN

CONTROL RATS OF SERIES III IN TERuS OF GLYCOGEN INDEX

Number| Wt, Mg. of |ig. of liver | ig. glucose | Glyco-
of rat| of glucose | glycogen per | absorbed gen

rat | esbsorbed| 100 gm. liver | per 100 gm. | index

of rat

£m.
25921 167 756.17 1540 452.80 3.40
26081 162 781.71 870 429,51 1,56
26200 | 200 856.47 990 428,24 2.31
26271 | 160 783.23 790 489.52 1.61
27929 | 175 693,02 690 396,01 1.74
28336 | 177 774.97 1320 437.84 3,01
28117 | 174 798.93 1550 459.16 3. 38
28293 | 174 696,73 920 400.42 2,30
Total |1409 19,21
Av, 176.1 2.41




«214~

TABLE XLIX. LIVER GLYCOGEN DEPOSITION IN PREGNANT PORK-
FED RATS OF SERIES III IN TERIS OF GLYCOGEN INDEX
Number| Wwt. |[Mg. of |ig. of liver Mg. glucose| Glyco-
of rat| of glucose | glycogen per | absorbed gen

rat | absorbed| 100 gm. liver| per 100 gm. | index

of rat

J:400
25849 | 244 877.21 600 359.51 1.87
25918 250 873.55 760 349,42 2.18
25797 | 254 841.31 €40 331.22 1.93
26118 230 789.61 250 343.31 0,73
26209 | 252 741.45 520 294.22 1.77
28290 | 233 766.39 890 328.92 2.70
28114 | 230 679.84 830 295,58 2.81
28489 | 250 780.82 610 312,33 1,95
Total [1943 [6350,18 2614.51 15.74
Aiv, 242,9! 793.77 326.81 1.97
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TABLZ L, LIVER GLYCOGEN DEPOSITION IN VIRGIN PORK-FED
RATS OF SERIES III IN TER&S OF GLYCOGEN INDEX
Number | Wt, |Mg. of |lg. of liver | ig. glucose| Glyco-
of rat | of glucose |glycogen per | absorbed gen

rat |ebsorbed|100 gm. liver!| per 100 gm.| index

of rat

gm,
25850 | 175 872.33 1220 498,47 2.45
25919 | 147 840.681 1600 571.84 2.80
25798 | 174 773.86 2000 444,75 4.50
26117 | 172 743.56 900 432.30 2.08
26210 | 178 758.52 960 426,13 2.25
28292 | 168 834.54 2120 496,75 4,27
28116 | 180 8l0.72 1660 450.40 5.68
27928 | 184 841.29 1640 457.22 3.59
Total [1378 3777.88 25.62
AV, 172.2 472,23 3.20
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TABLE LI. LIVER GLYCOGEN DEPOSITION IN RATS OF
SERIES IV IN TERES OF GLYCOGEN INDEX

Number| wt. |lig. of |ug. of liver | ig. glucose| Glyco-
of rat| of glvecose | glycogen per | ebsorbed gen
rat | absorbed| 100 gm. liver | per 100 gm. | index
of rat
£3.
28412 244 757.685 710 310,51 2.29
28575 | 238 796.24 280 334,55 0.8¢
287¢8 235 793.92 1080 337.84 3.14
£8788 276 879.8%7 670 316.79 2.10
26893 | 228 | 661.77 1090 290,25 3.76
Total |1221 (3889.45 | 3810 15901.94 12,10




TABLE LII. CONCiNTRATION OF LIVER GLYCOGEN IN RaTS OF SERIES V
Number| Wt. | Age |Wt. of (Wt. of | Wt. of | Total [Wt. of |Per cent|Wt. of |Per cent
of rat| of |of |[intact|fetl+ |liver | wt. of|glycogen|glycogen|glycogen|glycogen
rat | rat |uterus|placen-| seample | 1iver (in liver|in liver|in liver|in liver
| gample
gm. |deys| gm. | g@. £n. ga. | mge. ag.
2,3161 20.62 0.89
27984 | 198 | 84 | 44.2 | 39.7 2.7101 | 6.0489| 0.00 0.00 0.00 0.00
33,3338 0.00 0.00
28709 | 193 | 87 - - 3.6705 | 6.8611 | 78.74 2.14 [146.59 £.14
5.1906 67.84 2.13
24399 | 234 | 67 | S3.5 | 43.5 | 2.8234 | 6.6964 | 0,00 0.00 0.00 0.00
3.8730 0.00 0.00

TAS



FPORE I. CONDITION OF FRMALE RATS AT AUTOPSY (EXTERKAL CONDITION)

Rat no. T'iet no. Lesoription of diet
Age rat (in days) iLutopsy date Post-starvation period
Pregnancy no. Hour F¥ood
Day of gestation period Pericd of starvation uantity
Wt. before starving Bour initiated Length of period
Wt. after starving Hour terminated
Physlcel condition?
General Alert Paws pinkish Eyel ids
Fat Gaunt Eyes pink Inflamed Infected
¥uscle tone Respiration
General Abdominai oniffy wheezy
ralpitations
geit 2
Dragging BElevated Exudates s
Sprawling Avkward Nesel aneal b
Oorel Vaginel \
Helr
Clean Smooth Hematurila
Creanmy Thiock
¥ine Remarks
Teil
Clean Smooth

Discolored 5¢ res

l. In recording the degree to which any condition is preseat use a socale ranging
from minus (-} to four plusses (+r+++j),
2. Indicate character of exudate



FORM II. CONDITION OF FEMALE RATS AT AUTOPSY (INTERNAL CONDITION)

Rat no. Diet no. Dezoription of diet
Fat depotsl ' Stomach ulcers
Subcutaneous Perirenal Number Severlity
Peritoneal Genital
Omental Intermuscular Condition of the lungs:
Liver Infection Atelectosis smphysema
Yellow Hottled
Friable Spongy Lobe 1.
2.
Kidneys Se
Cortex, color friaeble
liedulla, color friable i 4,

Pelvis, color friable
S.

Pus pockets:
Pancreas, any gross asbnormalities: Ovary
Placental Bites

Corpora lutea Lar ____
No. in left ovary right Base of the tongue
Color o -
Teeth
Fetal sites, no. of Straight Orange
Live feti, no. of Remerks

Resorptions, no. of

l. Use a scale renging from minus (-) to four plusses (++++) in so far as possible
in recoxding the degree to which any condition is present.
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