
www.manaraa.com

Retrospective Theses and Dissertations Iowa State University Capstones, Theses and
Dissertations

1941

Meat in nutrition. XVIII, Glycogen in maternal and
fetal livers of rats fed a diet containing dried
autoclaved pork muscle
Helen Elizabeth Farrankop
Iowa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd

Part of the Dietetics and Clinical Nutrition Commons, Human and Clinical Nutrition
Commons, and the Medical Nutrition Commons

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.

Recommended Citation
Farrankop, Helen Elizabeth, "Meat in nutrition. XVIII, Glycogen in maternal and fetal livers of rats fed a diet containing dried
autoclaved pork muscle " (1941). Retrospective Theses and Dissertations. 12396.
https://lib.dr.iastate.edu/rtd/12396

http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/662?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/97?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/97?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/675?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/12396?utm_source=lib.dr.iastate.edu%2Frtd%2F12396&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu


www.manaraa.com

INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI films 

the text directly from the original or copy submitted. Thus, some thesis and 

dissertation copies are in typewriter face, while others may be from any type of 

computer printer. 

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality illustrations 

and photographs, print bleedthrough, substandard margins, and improper 

alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and continuing 

from left to right in equal sections with small overlaps. 

ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 

800-521-0000 



www.manaraa.com



www.manaraa.com

NOTE TO USERS 

This reproduction is the best copy available. 

UMI' 



www.manaraa.com



www.manaraa.com

mhH IN iTOTRH'ION. 3CVIII. GLYCOGim IN 
and fetal LIViiHS OF Hi^TS I'itD A DIJiT 

COKTiaNINO DRIED ^.UT0CiuAV52> P4)-SK i^USCLS 

by 

Helen Elizabeth Farrankop 

A Thesis Subxaitted to the Graduate Faculty 
for the Degree of 

DOCTOR OF PHILOSOPHY 

Major Subject Nutrition 

ApproTed; 

In charge of Major work 

Head of Major Department 

Dean of Graduate College 

Iowa State College 
1941 

Signature was redacted for privacy.

Signature was redacted for privacy.

Signature was redacted for privacy.



www.manaraa.com

UMI Number: DP11795 

® 

UMI 
UMI Microform DP11795 

Copyright 2005 by ProQuest Information and Learning Company. 

All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 

ProQuest Information and Learning Company 
300 North Zeeb Road 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346 



www.manaraa.com

QP?01 

F tA \ '-n 
-2-

jjyy- -

TiiBLs or com'ijcns 

Page 

IMTRODlTCTIOi; ju,D PUIiPOC^E 5 

FLAN 01 SDiPSKDJimi! 11 

?:aQCi!Huai. 17 

ANIMALS USiJ) 17 

General 17 

uniformity of jmiaala Used 19 

C'O^.^r'ooXTXOi^ X^t4 01' DX-iUi'S ••••••«•» 21 

Steenbock 7 21 

Pork I 23 

CiiBE OF iilllMALS 25 

VAQINaL TSCSMMS 28 

Oi' RATS Biiii'OHS KILLIUG 30 

Staryation, ;:30 

Method of jfeedlng 32 

Solid Food 32 

Glucose Solutions ••••••«•.••••••••• 36 

Desoription of Animals 41 

RMOVJiL OF TI63UiS FOR JiJSJiLYSlS 41 

Method of Killing the Animal 41 

^ Heffl-oval of Lirer 44 

T7 2.0 1 



www.manaraa.com

-3-

Page 

JSxtirpation of «iaternai Liver 44 

l£xtirpation of Fetal Liver •••••••••• 45 

Removal of Gastrointeatinal Tract 46 

ihxaadnation of Tlsauea 48 

CHMCiiL iiiiTHODS 49 

Treatment of Liver 49 

'Xreatoidat of iiiLatern&l i»iv8r ••••••••• 49 

Treatment of i'etal Liver 53 

Ireatmant of Gastrointestinal Contents .•• 54 

Glucoae Analysie 54 

i^etails of 'leohnique 54 

Calculation of Glucose 57 

Calculation of Glycogen 59 

RSVISW ̂  LIlSKAlUm 62 

RESULTS AKL DISCUSSION 80 

RSLATIVS COMCBi>iTIuLTION OF GLYCuGEiV IW 
MATSRHAL LIYLfiS - SEaIIO I 80 

Steenbook. Y Virgins vs. Porl<- I Virgins ... 80 

Steenbock V Pregnane Hat a vs. Pork I 
Pregnant Rata • V.• • • • • 85 

Virgin Rats vs. Pregnant Hats 87 

Pork I Rats with Total Resorptions vs. 
Pork T Rats wiih LiYing'^''6ti 90 

Liver Glycogen in XeriLfi of 100 Ga. of 
£eaaie 93 



www.manaraa.com

Page 

RSLATIVS COilCiJlTRi^ION OF LI7ER GLYCOGEN -
SERISS II 95 

ANALYSIS IN TEEMS OF BOTH FETAL AMD lylAISENAL 
LIVER GLYCOGEN - SERISS I AND II 97 

Fetal Llyers 97 

Fetal and Maternal Livers 100 

Pork I and Steenbock V Rats i^tched 
ITTolCTer of I'etl T.TTn* 104 

RELATIVE ABSORPTION OF GLaCOSl - SERIES 
III AI^ IV 105 

REL^lTIVE CONCSNTRATION OF LIVER GLYCOGEN -
SERIES III Ai^ IV 109 

Starved Rata 109 

Rats Fed Glucose Ill 

Glycogen Index 119 

C&NCENTRATI0N OF GLYCOGEN IN LIVER - SERIES V.. 121 

SPiMARY AND CONCLOSIONS 127 

LISTS 0^ TABLES 159 

TABLES IN BODY OF THESIS 139 

TABLES IN APPENDIX U£ 

LITERATURE CITISD 146 

I  
I  

ACKNOY/LEDQMENTS 

APPENDIX 

155 

156 



www.manaraa.com

-5-

INTRODUCTION AMD PURPOSE OF m^ERIivtENT 

Because of the important role played by pork in the 

economic life of the people of the state of Iowa and the 

relatively high daily consumption of pork by the farm 

families of that state, the Nutrition Laboratory of the 

Joods and Nutrition Department of Iowa State College has 

been interested in investigating the dietary value of 

pork. 

At the initiation of this study a diet was formu

lated, supposedly adequate in the then known dietary 

essentials, and synthetic except for the protein which 

was 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 Laboratory 

by several investigators over a period of about ten years. 

Since an adequate diet must provide for successful repro

duction 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 species. 

One of the first studies reported was that of Dyar 

(1935) who found that not only was the growth rate of the 
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rats fed the pork diet retarded, but that there were 

definite abnoraialities of the reproductive functions. 

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 generation. Dyar also ob

served a lack of success in parturition and lactation. 

Further studies ware made by King (1936), Wilcox (1937), 

Walliker (1938), Armstrong (1939), and Campbell (1940) in 

attempts to discover the etiology of the defects observed 

and Co describe and study the metabolic derangements 

caused by the pork diet. 

Some of the abnormalities observed have been a 

lengthening of the oestrous cycle, a prolongation of the 

gestation period, partial or complete gestational failure, 

and an inability on the part of the mother to suckle her 

young. The most interesting effect observed has been the 

death of mothers at the time of parturition. Curing the 

ocurso of Dyar*s Investigation (1935), 33 per cent of the 

pork-fed mothers died. The symptoms exhibited by the 

females preceding death are fairly uniform and closely 

resemble those described as typical of the toxemias of 

pregnancy in man, sheep, and rabbits. The rats appear 

normal until the close of gestation when they become 

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

corxiLr. Vaginal hemorrhage is a common occurrence and 

death is often preceded by violent convulsions. At times 

none of the earlier symptoms are observed and the rat 

appears normal \intil the dramatic and sudden onset of a 

convulsion, culminating 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 feti are usually found dead. 

Sometimes the feti appear macerated or even partially de

composed. Hemolysis of fetal blood and thrombi in the 

umbilical veins were noted by Armstrong (1929). Since 

the liver exhibited the most obvious gross abnormalities, 

both histological and chemical examinations of that organ 

were made. Histological studies (Armstrong, 1929) have 

shown fatty infiltration and fatty degeneration oi. the 

liver cells of pregnant pork-fed rats and chemical 
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analyses iiave shown u higii liver fat content, Tiie 

average per cent of liver fat calculated on the dry basis 

was approi.iias.tely 31 per cent for the aniiaale that died 

and 39 per cent for the non-moribund pork-fed rats in 

contrast v»ith 2£ per cent for noriual, pregnant conLrols. 

As early as 190E, Rcsenfeld discussed the ''antagonism 

of fat and glycogen in the liver**. He "'cated that 

fattening with carbohydrates brings about an abundant 

storage of glycogen in the liver and that the liver cells 

thus enriched may refuse to taice on fat, iiosenfeiu made 

the interesting, observation that sea animals, such as the 

fish and the whale, that consume mostly fat and protein 

nutrients have enoriaoualy fat livers. The pork diet fed 

in the present study is one that contains about £0 per 

cent of fat and is apparently conducive to the production 

of fatty livers. Conversely to Hosenfeld's statement con

cerning the refusal of the glycogen-rich liver cells to 

take on fat might not the opposite be true? Do liVv^r 

cells lo&dod with fat refuse to take on glycogen? If 

this does occur, are derangements in carboyhydrate meta

bolism associated with the pregnancy disease? Armstrong 

has suggested certain of these relationships in an 

interesting diagrammatic representation of the theoretical 

seq.uenoe of events resulting in the pregnancy disorder. 
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This diagram is reproduced as Figure 1 and indicates thut 

disturbances in carbohydrate metabolism may result from 

the fatty degeneration and infiltration of hepatic cells. 

Inadequate carbohydrate stores may lead to resorption and 

starvation of feti or to convulsions and other symptoms 

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 technique which involves analyses 

pertaining to absorption, glycogen in liver and muscle, 

glucose in blood and urine, and the respiratory quotient. 

Since it was impossible to attack the present problem on 

such a 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 undertaken to test the 

hypothesis that consumption of the pork diet may lead, 

either directly or indirectly, to a derangement of carbo

hydrate metabolism* 
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i'lGURE 1. THIORETIGAL RSPRESJiNTiiT IOK OF OF 
STENTS RESULTIl̂ G IN ACXJTE PREGWAI^CY DISORDEIT 

Feeding of Pork I diet 

I 
Development of 
exoessively large 
feti and placentae 

UnloQiown causes 

Disturbances in carbo
hydrate metabolisa 

Resorption plus 
partial starvation 
of feti 

1 
Acciu&ulation of 
fat in tlie 
liver 

Fatty degeneration 
and infiltration 
of hepatic cells 

Lowered liver 
function 

Incomplete 
detoxifica
tion of 
products of 
resorbing 
feti 

Accumulation of 
norioal metabolites 
in blood to high 
levels 

Kidney injury 

Injury to 
live feti 

I 
Suppression of 
excretion 

Convulsions Hypertension Sdema Hemolysis 
of fetal 
blood 

Hemor
rhage in 
kidney 

1. Armstrong, W. E. 
1939. 2.1eat in nutrition. XY. Certain characteris

tics of gestational performance in albino rats 
fed a diet containing dried autoclaved pork 
muscle. Unpublished Thesis, Ph.D., Library, 
Iowa State College, Ames, loiwa. 



www.manaraa.com

-11-

Whether the fatty livers consistently observed in 

pregnant rats maintained on a diet containing dried, 

autoclaved pork muscle as the source of protein are 

associated with any disturbances in carbohydrate metabo

lism has been studied in the present invesi^igation. The 

cLuantity of glycogen deposited in the liver under stand

ardized conditions of feeding was chosen as an index of 

the ability of the rat to metabolize carbohydrate. 

I'ive series, of rats have been studied. In Series 

I, the quantity of glycogen present in the liver of preg

nant rats fed the pork-containing ration was compared 

with that present in pregnant control rats maintained 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 containing pork muscle. 

The analyses of the livers of the pregnant rats were 

made on the 21.5 day of the gestation period, ^ter 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 analysis after seven hours. 

It seemed possible that the quality of the food 

given after the starvation period might influence the 
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amount of liver glycogen depcfsited. Therefore, anotlier 

group of starved pretsuent feaaies reared on t-iie porlc diet 

v,e.s j'ed 4 gm. of the 3toc'< diet seven hours before 

rerLoval of tissues. This g;roup comprised Series II. 

bindings were coinpareol with those of the pregnant ruts 

fed pork in Series I. 

It ^\&a thought thet the erdount of i ^^cogen deposited 

by tbe Jicther in the fetal livers might prove to be of 

interest. Consequently, the livers of the feti from part 

of the pregnant feraeAes in Series I and Series II were 

reoioved and &n& lyzed. 

In order to rule out veri&tions in tbe qusntity and 

quf.lity of food given sfter the starvation period, a mere 

cerofully controlled experiment was deEi£ned as Series 

III. In this expiriirient, measured amounts cf a standerd 

glucose solution were given by mesas of r stcuech tub© to 

ijroups of starved pregnant and virgin rats reared on the 

exr'f-rlmental &nd control diets. Liver glycogen fciu. the 

reducing contents of the gastrointestinal tract were 

determined. Thus, inforiaation vas obtained on the 

absorption of glucose from the intestinal tract, as well 

as the deposition of liver glycogen. In this test it was 

also necessary to deteriuine the average aaount of pre

formed glycogen in the liver, and the normal reduction 

values of the contents of the empty gastrointestinal 
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tract. These analyses were mad© after a 13-bour fast on 

groups of pregnant and vii^ln rats on both the experi

mental and stock diets. 

As Armstrong (1939) has indicated, only about 30 to 

40 per cent of the pork-fed rats develop the toxic 

symptoras. We were interested in determining whether 

thejre was any difference in glycogen metabolisjii in rats 

that developed the pregnancy disease and those that did 

not. since the acute symptoiiis usually appeared very late 

in the gestation period, it seeraed possible that the 

glycogen deteriainations in the preceding aeries were made 

too long before partxirition to catch a break-down of 

glycogen, if that phenomenon did occur. Therefore, an 

effort was wade to analyze the livers of some 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 

elapse of the four hour digestion period, the rat was 

discarded* 

The original plan of the study excluded the obser

vation of toxic symptoms since, as explained previously, 

these symptoms usually occur on the twenty-second or 

twenty-third day of gestation. It seemed important, 

however, to learn something regarding glycogen deposition 
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in a rat, definitely ill. Therefore, a small group of 

rats that exhibited toxic syinptoms, such as bloody 

urine, pale ears and paws, and drop in body temperature, 

was studied in Series V, Obviously, in this series, pre-

experimental conditions could not be controlled. 

Steenbock V is the natoe of the diet used for the 

maintenance of the stock colony and also of all positive 

control groups. The experimental groups received a diet 

called Pork I which was synthetic except for the protein 

furnished in the form of dried,autoclaved pork muscle. 

The main plan of tho experiment including Stries I 

through Series 17 and the distribution of animals in the 

various experimental groups are summarized in Table 1. 
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TABLE 1. SUMMARY OF EXPERBiEi^TiiL PLAN 

Series Name 
of 
diet 
fed 

Repro-
duotlTe 
status 

Po st-starvation 
treatment 

Analyses performed No. 
of 
rats 

Series Name 
of 
diet 
fed 

Repro-
duotlTe 
status Food given 

and 
quantity 

Length 
of 
period 

Analyses performed No. 
of 
rats 

I 

Steen« 
book V 

Pregnant 

Virgin 

4 gzn. 
Steenbook V 

4 gm. 
Steenbook V 

7 hrs. 

7 hrs. 

Maternal liver glycogen 
Fetal liver glycogen 

Liver glycogen 

23 
10 

8 
I 

Pork I 

Pregnant 

Virgin 

4 ga. 
Pork I 

4 gnu 
Pork I 

7 hrs. 

7 hrs. 

Maternal liver glycogen 
Fetal liver glycogen 

Liver glycogen 

£6 
2 

8 

II Pork I Pregnant 4 gta. 
Steenbook V 

7 hrs. I&aternal liver glycogen 
Fetal liver glycogen 

10 
10 

III 

Pork I 

Pregnant 

Virgin • • a  

Liver glycogen, and reducing substances' 
present in gastrointestinal tract 

Liver glycogen, and reducing substances 
present in gastrointestinal tract 

5 

5 
III 

Steen-
bock V 

Pregnant 

Virgin 

Liver glycogen, and reducing substances 
present in gastrointestinal tract 

Liver glycogen, and reducing substances 
present in gastrointestinal tract 

5 

5 
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TABLE 1. (cont'd.). SOMiyiAHY OF SXPERIilSOTAL PLAN 

Series Name 
of 
diet 
fed 

Eepro-
duotive 
status 

Po3t-starTation 
traatm.ent 

Analyses performed No. 
of 
rats 

Series Name 
of 
diet 
fed 

Eepro-
duotive 
status Food given 

and 
quantity 

Lengtli 
of 
period 

Analyses performed No. 
of 
rats 

III 
oont*d 

Jrork X 

Pregnant 

Virgin 

2t CO. 50^ 
glucose 

Bis 00. 50% 
gluoose 

4 hrs. 

4 hrs. 

Liver glycogen, and reducing substances 
present in gastrointestinal tract 

Liver glycogen, and reducing substances 
present in gastrointestinal tract 

8 

6 

III 
oont*d 

Steen-
book V 

Pregnant 

Virgin 

2^ CO. 50^ 
gluoose 

2^ 00. 50^ 
glucose 

4 hrs. 

4 hrs. 

Liver glycogen, and reducing substances 
present in gastrointestinal tract 

Liver glycogen, and reducing substances 
present in gastrointestinal tract 

8 

8 

IV Pork I Pregnanf Zk 00. 50^ 
gluoose 

4 hrs. Liver glycogen, and reducing substances 
present in gastrointestinal tract 

5 

•Killed on the twenty-second day of gestation. 



www.manaraa.com

-17-

iia.PLRBiKHTAL PROCEDURE 

AiiBlALS USiD 

General 

The aniraals used in the study herein described were 

albino rats (Mus norvej^icua alblnus) of wistar stocic, 

strain A, belonging to the stock colony of the ioods and 

Nutrition Department at the Iowa estate College. These 

rats were of known genetic history and for about eighty 

generations had been inbred by brother and sister 

matings. The animals composing the experiioental 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 quality of 

the ingredients used in the ration was kept ̂ as uniform as 

possible throughout the years. 

Young female rats were taken at the time of weaning 
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from the second or third litters of the breeding stock. 

Uniform animals as fudged froa the Vfeighta at birth and 

at weaning were chosen. Until the tixae of sexual maturity, 

determined by the date of the opening of the vaginal 

orifice, all experimental animals received the stock 

colony ration, Steenbock V. At the onset of sexual 

maturity, the diet of the rats placed in the experimentul 

groups was changed to Pork I while the control groups 

continued to receive Steenbock 7, iiU,l animals were 

transferred to individual cages on the day of the opening 

of the vagina. 

In Series III, in so far as possible, the repre

sentatives of a litter were distributed evenly among the 

groups. The virgin controls for Series I were in litter-

mate pairs with each other but not with the pregnant 

animals, since the studies were made in successive years. 

The distribution of animals and the number of each rat 

appear in Table VI and Table VII (Appendix). 

The system of brother and sister matings employed in 

the stock colony vras followed in breeding all experi

mental animals. All males were maintained on the stock 

colony ration. 
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Unifoimlty of Animals Used 

The uniformity of the animals used In the experiment 

may be judged by using as Indices: body weii^t at time of 

weaning, age at sexual maturity, body weight at sexual 

maturity, age at initiation of first pregnancy, and body 

weight at initiation of the first pregnancy. The aTerage 

Talues for each of the experimental groups are given in 

Table Z, The variation is no greater than that which has 

been demonstrated as characteristic of the stock colony 

(Greenwood, 1940}• 
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TABLE 2. UI^IFOiMITY OF iiNIiiALS USED IW Tim EXP}.EIMi£NTl 

Series Experimental 
group 

Number 
of 

animals 

Body wt. 
at time 
of weaning 

Age at 
sexual 
maturity 

Body wt. 
at sexual 
mat^lr 1 ty^ 

Age at 
initiation 
of first 
pregnancy 

Body wt. at 
initiation 
of first 
pregnancy 

SB- days £m. days £m. 

Steexibock V 
Pregnant 
Virgin 

23 
e 

52,00 
53.75 

45.13 
40.60 

92.86 
90.33 

68.91 136.95 

I Pork I 
Pregnant 
Virgin 

26 
8 

51.27 
51.75 

44.21 
42.87 

91.33 
92.12 

71.67 143.25 

II Pork I 
Pregnant 10 50.50 44.50 91.60 63.00 128.40 

Pork I 
Pregnant 
Virgin 

S 
5 

50.40 
51.00 

42.40 
43.40 

88.00 
93.40 

74.80 149.00 

III 

Steenbock V 
Pregnant 
Virgin 

5 
5 

51.00 
49.00 

47.40 
46.75 

92.20 
89.66 

73.20 137.00 

Pork I 
Pregnant 
Virgin 

8 
8 

46.37 
49.12 

43.75 
44.50 

82.00 
86.50 

69.62 129.12 

Steenbook V 
Pregnemt 
Virstin 

6 
8 

52.50 
50.87 

42.75 
41.12 

85.60 
83.12 

68.75 130.00 

IV Poik I 
Pregnant 5 48.20 40.80 82.80 72.60 148.20 

iThese data include anixoals studied over a period of four years. 
^Op^ing of vaginal orifice. 
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COMPOSITIOK iiiJD PREPiJiAlIOK OJ} DIETS 

Steenbock V 

Steenbook V, the ration fed the control group, con

sisted of a basal and supplementary portion. The formula 

of the basal portion was as follows: 

1* Purchased from Grain Storage, Iowa State College. 
Z, Finely ground, purchased from the Wilkens-Anderson 

Co., Chicago, Illinois. 

3. Purchased from Ames Grain and Coal Co. 

4. Purchased from Ames Grain end Coal Co. 

5. Purchased in local market. 

6. Purchssed from Chemistry Stores, Iowa state College. 

7. Yeast foam tablet powder purchased from Northwestern 
Yeast Co., Chicago, Illinois. 

3. Irradiated in 200 gm. lots for 20 min. at a distance 
of 15 in. with a quartz mercury lamp. 

9. Pure, purchased from V/ashburn Crosby Co., Minneapolis, 
Minnesota. 

Yellow oornmeal"^ , 
Crude casein^ .... 
Linseed meal® »... 
Ground alfalfa^ .. 
Sodium chloride® * 
Calcium carbonate® 
Yeast" 
Irradiated yeast® 
Wheat germ' ...... 

64.0 gm. 
5.0 " 
16.0 
2.0 
0.5 " 
0.5 " 
1.5 
0.5 
10.0 « 

100.0 « 
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The supplementary portion of the diet consisted of 

milk, meat, and lettuce prepared and fed as follows: Dried 

whole milk^ was purchased in sufficient quantities for one 

year's feeding. To prepare liquid milk for use, 130 

of milk powder was mixed with 1 qt. of distilled water in 

a Biobart mixer at hi^ speed. One teaspoon of cod liver 

oil^ and 2 cc. of a solution^ containing small amounts of 

potassium, manganese, aluminum, and copper were added to 

each quart of dried milk. 

The quantities of reconstituted milk fed are 

described below: 

The lettuce consisted of discarded outside leaves 

from head lettuce and was obtained from the ii&emorial 

Onion Cafeteria or the Home Sconomics Tea Hoom. Fresh 

leaves were chosen, washed in cold water, and 10 gm. fed 

to each rat three times per week. 

1. The powdered milk used was Klim, a product distributed 
by the Borden Co«, New York. The milk purchased 
represented winter milk from one day*s run In the 
factory. 

2. Refined Norwegian vitamin tested cod liver oil, U.S.P. 
Imported by the Pearson-Ferguson Co., Kansas City, Mo. 

3. The solution contains 0.08 gm. of potassium iodide, 
0.316 gm. manganese sulfate, 0.098 gm. potassium 
aluminum sxilfate, and 0.675 gm. of anhydrous copper 
sulfate per 100 cc. of distilled water. 

Male 
Resting female 
Pregnant female 
Lactation female 

12.5 cc. dally 
12.5 CO. dally 
25.0 cc. dally 
50.0 cc. daily 
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Raw beef ro*and, freshly ground, was obtained from a 

local market and fed ag the meat supplecaent. The meat 

was measured with sn aluminum spoon calibrated to hold 

5 gm. end waa given three times each week. Meat and 

lettuce were fed on alternate days. 

Pork I 

The experimental ration containing pork had the 

following composition: 

Canned pork muscle (dried to one^ 
half its cri(?lnai weight) 25 iffrn. 

Cornstarch-^ 53 
Yeast^..., 5 ^ 
Agar .agar^. s 
NaCl^ 1 
Salt mixture^. 4 
Butterfat. •. 8 
Cod liver oil^ £ 

100 « 

The quality of the protein in the ration was kept as 

uniform as possible by purchasing green skinned hams in 

lots varying in size from SCO to 1000 pounds* The hams 

1. Purchased in the local market in 280 lb. lots. 
2. Teast foam tablet powder purchased from Northwestern 

Yeast Co., Chicago, 111, 
3. Baoto-iigar purchased from the Difco Laboratories, Inc. 

Detroit, Mich. 
4. Purchased in local market, 
5. Osborne, T. B*, and I.iendel, L. B., J, Biol. Chem., 57. 

557-601, 1919. 
6. Refined Norwegian Tit&iniR tested cod liver oil, U.S.P. 

purchased from the Pearson, ferguson Co., Kansas City, 
Mo. 



www.manaraa.com

-24-

were stripped of excess fat, boned, and ground once 

through the medium plate of a meat grinder. The ground 

meat was packed in lio. 2 enameled tin cans, 1 lb. to a 

can; the cans sealed and processed in pressure cookers 

for 65 minutes at 15 pounds pressure, /xfter cooling in 

cold running water, the cans were examined for leaks and 

stored at room teniperature until needed. 

To prepare the pork for use the cans were opened, 

all visible fat removed, the contents spread out on metal 

trays covered with cheese cloth and dried in a warm oven 

at 90-100^ €•• One thousand gm. of meat was spread on one 

tray and dried to one-half the original 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 filtered through a plug of cotton in a 

funnel with a copper hot water 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 

diet was prepared tv^ice weekly by mixing in a Hobart 
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mixer and stored in the refrigerator In closed, entuaeled 

tin cans. Fresh diet was j^iven the rats each day and the 

uneaten portions discarded. 

The pork diet described, which was synthetic except 

for the source of protein, was supposedly adequate for 

the nutrition of the rat. Armstrong (19S9) has discussed 

the experimental evidence in support of this statement, 

CAEE OF ANlLaAIS 

After reaching sexual maturity the animals were 

kept in individual round wire mesh cages. These cages 

were arranged on steel tiers and were placed in shallow 

enamel pans lined with paper towels. Goprophagy was 

prevented to a large extent by the raised wire mesh 

bottom of the cage, since feces and urine dropped through 

to the absorbent toweling beneath* 

Food and water were given ̂  libitum. The food was 

offered in glass jars attached to the side of the cage 

by means of copper wire. Distilled water was provided 

from glass bubble fountains inserted through openings in 

the cages. The animals maintained on the Steenbock 

ration received milk daily in small porcelain cups held 

in metal brackets. All dishes were changed three times a 

week, washed in strong soap suds, and sterilized in live 
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ste£ii]i for 15 minutes. The cages, pans, water fountains, 

and iaetal holders were washed and sterilized weekly. 

The routine which 'jvas followed daily except for 

Sunday, consisted of changing the paper towels under the 

cages, observing the general well-being of the aniraals, 

filling water fountains if necessary, and providing food. 

The food consuiaed by each rat receiving Fork I was 

carefully weighed, enou^sh food being given each day so 

that u surplus of from 2 to 5 gm. remained. This uneaten 

portion was disctirded on the following day. a double 

portion of food was i2;iven on Saturday, The quantity of 

food consuflied by the rats fed the Steenbock diet was not 

recorded, but an ample supply was always provided. 

Each animal was weighed weekly and pregnant females 

were weighed daily for the week preceding and the week 

following parturition. In addition, the pregnant females 

were v/eighed on the twenty-first day of gestation at 

IG p.m., on the twenty-second at 6 a.m., 12 m., 4 p.m., 

o p.m., and 10 p.m., or until parturition occurred. This 

frequent handling of the animal permitted the early 

observation of toxic symptoms, as well as the collection 

of data concerning the number, weight, and condition of 

the young born. 

As soon as possible after parturition the young were 
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counted and v/eigiied. The live babies Aere replaced with 

the mother and the cage provided with nestLig ;)aper. The 

lungs of the young round dead were removed and placed in 

water. If the tissue floatsd it was assujiied that tbs 

individual had drav.n sir into its luags and was therefore 

born alive. On the fourth day tho litters were reduced 

to six in order to e(iualize the strain of lactation oa 

the iaother. If the size of the litter permitted, three 

males and three females were retained. Those young were 

chosen whose weights most closely approached the average 

individual weight for the litter. If less than six rats 

had been bom the mother was perioitted to rear the ^hole 

litter. The litter as a whole was weighed daily and the 

males and females v^ere weighed separately on the fourth, 

seventh, fourteenth, twenty-first, and twenty-eighth days. 

The litter was weaned when £8 days old and the individual 

weights recorded. 

The temperature of the room in which the rats were 

housed was kept as uniform as possible. An examination 

of the daily records of the temperature showed a varia

tion of from 75 to 80 degrees Fahrenheit, mh attempt 

was made to keep the air comparatively free from dust by 

placing a cloth filter over the door Into the hall and by 

the use of an oily compound in sweeping the floor. The 
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rats were reinoved from the room onoe a month and the 

room sprayed -.vith an iasectiolcle. 

VAGINAL Ti':CHNI^UE 

The animals were mated according to the vaginal 

smear technique. The five stages that make up the 

rhythmical changes occurring during the oestrous cycle of 

the female rat may be followed by a daily histological 

study of the cells of the vaginal epithelium (Long and 

Evans, 192Z)» In order to obtain these cells for exami

nation, the rat was held on her baolc in the left hand 

with her head supported by the thumb and index finger. 

The tail was held by the fifth finger of the right hand, 

and a small glass rod (2 mm. in diameter), the ends 

carefully fire polished, gently inserted into the vagina. 

The rod was withdrawn and touched to a drop of distilled 

water on a microscope slide. The cells from the vaginal 

mucosa, whi ch adhered to the rod and were washed into the 

water, could be identified 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, inserted in test tubes containing about 
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5 00. of water, the tubes plugged loosely with cotton, 

and sterilized for 20 minutes at 15 pounds pressure in an 

autoclaye. 

The stages of the oestrous oycle were identified by 

the kind of oells predominant in the smear acoording to 

the olassifloation of long and Svans (192a). This 

classification is shown below: 

Stage 1. Epithelial cells, the pro-oestrous 
period 

Stage 2. Epithelial and oornified oells, the 
oestrous period 

Stage 3. Many oornified cells 

Stage 4* Comifled cells and many leucocytes, 
the metoestrouB period 

Stage 5. Leucocytes, epithelial and oornified 
oells, the dioestrous period 

Vaginal smears were examined daily at approximately 

the same hour, and a record kept of the date, time of 

day, weight of rat, stage of the oestrous oycle, and any 

obserration concerning the physical appearance of the 

female. After the birth of a litter the young were 

weighed 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 Initiated 

when the rat reached the age of eight weeks and at the 
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second appearance of stage one or stage two, a brother 

male was introduced into the cage. The next day the 

female was examined for positive signs of xaating, judged 

by the presence of a vaginal plug in the vagina or imder 

the cage, or by the presence of speria in the smear. If 

mating had occurred the male was removed but if no signs 

of mating 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 male for three consecutive 

cycles, another male of proved fertility was used. 

If the mating was positive, the smear was carefully 

examined from the twelfth to the seventeenth days for the 

implantation sign as indicated by the presence of red 

blood cells in the vagina. 

Vaginal smears were not taken on the virgin rats 

studied, but all other rats were observed daily from the 

ninth week until killed. 

TRSATMSKT OF EiiTS BSFOES KILLING 

Starvation 

All pregnant animals except those of Series IT and 

Series T were killed on the 21.5 day of the second 

pregnancy. These rats had thus all undergone the strain 
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of one pregnancy and had been given the opportunity to 

rear one litter. As soon as possible after the first 

litter v/as weaned, or after the death of the first 

litter, the mother was mated again. Thus, pregnant 

femeiles with siiailar previous histories, and approaching 

parturition, v^ere studied. 

It was necessary to starve all aniiuals to deplete 

the reserves of liver glycogeii to a nor-iial level before 

the ©zperiaiexital feediiig. Cori (1926) starved his rats 

for 46 hours and found that after starvation the average 

liver glycogen content of seven males was 0.397 gm. per 

100 gia. of liver. Other v^orkers, for exaijiple, Gregg (19S1) 

and Viilson and Lewis (1930), have reported using a 24-hour 

starvation period. Since many of the aniaals investi

gated in the study here reported were pregnant and 

approaching parturition, it was thought that even a 

24-hour starvation period would impose too severe a. 

physical strain upon the animal. Consequently a 13-hour 

period was chosen and the amount of glycogen determned 

in livers removed froia pregnant and virgin females fed 

the Steenbock and Pork I diets. The results are shown in 

Table 3. Except for one exceptionally high value none 

is as high as Cori*s average, probably because muscle 

glycogen has not as yet been mobilised. Ctoldschiuidt, 
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Vejrs, and Eavdln (1939), on the other hend, report values 

for liver glycogen *dfter 24 hours of starvation that 

correspond closely to those obtained in this investiga

tion, 0.12 and 0.10 per cent. The exp&rijientel 

prooadura used herein undoubtedly (Table 3) reduces 

preforued glycogen to a unifora level. 

The food was ro-aoved from the cage at 6 p.m. on the 

twentieth day of gestation and the experimental feeding 

begim at 7 a.m. on the following morning. In view of the 

late appearance of toxic symptoias it might have been more 

desirable to postpone the starving and feeding for £4 

hours, but since iu&ny litters are born before noon on the 

twenty-second day, it Vk-as thought that the oecui-reuee of 

parturition before the tissues could oe reiaoved for 

analysis would necessitate the loss of too aany animale. 

The virgins -were killed when they were approximately 

the saaie age as the pregnant feinales. 

jill anioaals vjere weighed before and after starvation 

atid the weights recorded. 

Method of geedina 

solid Food 

After the 13-hour starvation period, all animals in 

Series I were given 4 gm. of the diet upon which they had 
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TABLS 3. GLYCOGEI^ GONTM 01 L11W3 OJ fltoiiiLE HAl'S 
FASTED iTiEVIOUSLY i?OR 13 HOURS MPR1S3ED AS Gii. 

PER 100 G^. W2.T WSiaBT of LITi.R 

Pork I Steenhock 7 

Virgin Pregnant Virgin Pregnant 

.0830 . 03o0 .4089 .0477 

.1327 .0403 .0894 . 0455 

.£449 .0347 .3013 .0495 

.1178 .032E .0879 .0488 

1.8296 .0258 .0622 .0404 

AV. .1446^ .0370 .1901 .0460 

1. This avorage does not iaclude the extrexaelj high 
value. iVhen incluaed the average is .4816. 
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been meiritained. Tliis aiiiount v.as v/oighed on a trip 

balfcince into a sfliall porceluin suppleiaeut disii and placed 

in the cage, nt the end of four hours any food rexueinlDg 

uneaten v/as i-eaoved tnd weighed. The weight of food to 

be offered to the starved anlaial \.as set at 4 gm. because 

it v/as desirable to provide as large an amount as most 

anicuils would be able to consume. The. average wei^^at of 

the food eaten and the pei' cent of aniiaals that ate the 

entire aiucunt are shown in Table 4. Without ejceeption, 

the vir^iin rats consuiaed all the food provided and the 

pregnant rats reared on the citeenbock ration consulted an 

average of 3,9 gm. The fact that the pork-fed rats on 

the whole ate less, uay have been due to the fact that 

they v^ere generally in less vigorous physical condition 

than those reared on the stock diet. 

Three hours aft'sr the removal of the food cup, or 

seven hours after the initiation of feeding the rats were 

killed, Cori (1926) has stated that the iiiaxiiaufli 

glycogen retention in the liver occurs four hours after 

the feeding of glucose solutions by iaeans of a stomach 

tube, iiince the digestion and absorption tixae is lauch 

shorter for glucose than for a solid ration such as 

ateenbock 7 or Pork I, and since the solid food was 

consaned intermittently over a period of several hours, 
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TABLE 4. POST-aTAHVATIOii iOO]J CONSUM'IOK OF Ri'iTS 
PHOu SSRi:i3 I Al^ii) SiCRlji^ II 

oories I Series II 

Steeiibock V Fork I Pork I 

Pregnant Virgin Pregnant Virgin ersgnent 

Number of 
animal s £3 8 d 10 

A7. wt. 
eaten 
in &a. 5.9 4.0 3.7 4.0 3.7 

Per oottt 
o£ animals 
who ate 
4 gm. 66.96 100.0 ?6.92 100.0 70.00 
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seven hoiu's after the offoring of food v;a6 jiaore or leas 

arbitrarily chosen as the ti.-;ie of analysis. 

The pork-fed animals of Series II were treated 

similarly to those of Series I except that 4. gia. of the 

Steenbook 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 

animals with that of the animals fed Pork I after 

starvation for the detection of possible differences 

caused by the quality of the post-starvation diet. 

Glucose Solutions 

To avoid variations in both the quality and quantity 

of the food given following the starvation period, groups 

of pregnant and virgin rats of Series III reared on both 

the Steenbock V and Pork I diets were administered a 

known amount of glucose solution by means of a stomach 

tube. The amount of intestinal absorption as well as 

the quantity of liver glycogen v/as determined. The 

animals were starved for 13 hoiirs in the same manner aa 

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 followii]g day. 
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The dextrose^ used in making the solutions was of 

high quality and a sufficient quantity was purchased for 

the entire experiment. A 50 per cent solution was made 

by dissolving 12.5 gm. of glucose in warm distilled water 

in a £5 CO. volumetric flask, cooling, diluting to the 

mark, and mixing. The solution was made up about 18 

hours before it was used and was stored in the refrigera

tor to prevent changes due to fermentation. A fresh 

solution was made each time glucose v^as administered. 

In general, Cori (1925) used 2.5 cc. of 50 per cent 

siigar solutions for comparative studies because enough 

sugar could be introduced to allow absorption to proceed 

for at least three hours. More concentrated solutions 

were avoided because of their greater viscosity, fie 

observed also that if more than 2.5 cc. were given, 

diarrhea appeared. 

The method used for the administration of the glu

cose solutions was essentially that described by Cori 

(1925). A urethral catheter No. 8 was used for a stomach 

tube and softened before use by plunging for a moment 

into a beaker of boiling water. A 5 oc. Reooxd type of 

syringe which had a metal plunger was used to measure the 

solution fed. 

1. Baker*s Analyzed, purchased from Arthur H. Thomas, 
Philadelphia, Pennsylvania. 
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In the jDoorning, prior to the feeding of the 8tar7ed 

rat, the glucose solution was removed froia the refrigera

tor and warmed in a stream of hot water. The syringe was 

filled with tLd warm, glucose solution, air bubbles ex

pelled, and the level of the solution carefully adjusted 

to the £.5 cc. inark. The catheter was firmly attached 

over the hypodermic needle to the neck of the syringe. 

In view of the volume of solution remaining in the cathe

ter after feeding, as shown by the analysis of the solu

tion carried on simultaneously, more glucose could have 

been introduced into the stomach of the rat by using a 

larger initial volume in the syringe. If allowance is 

made for the volume of solution remaining in the rubber 

tube, a volume of 3.0 cc. as measured in the syringe 

would probably deliver about 2.5 cc. into the rat. 

A small VK>oden block with a 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 easily without 

causing pain to the animal. The rat was held in a ven

tral 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 between the 

teeth of the rat. A second operator then slipped the and 

of the catheter through the hole in the mouthpiece and 
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gently introduced the tube into the rat's stomach. A 

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 place, the sugar solution was slowly expelled 

from the syringe Into the staaach. The entire procedure 

required only a few jainutes and geavirally uo difficulty 

was encountered. The rats seeiaed to expez'ienoe little 

discomfort. 

After the solution vias delivered, the catheter with 

the syringe still attached, was quickly withdrav»n from 

the oesophagus and the rat replaced in her cage. 

The quantity of glucose introduced into the stomach 

was uetexialued far each rat. Cori (19^5) estimated this 

aioount by delivering into a volutaetrio flask the sazae 

amount of sugar solution under exactly the sauae conditions 

as when the rats were fed. Although not specifically 

stated by Cori, apparently the residual contents of the 

catneter were discarded each time. This laetncd was used 

for a few rats at the beginning of the study hare reported, 

then a modification was practiced. 

The modified method was suggested toy Pierce^ and may 

be described as follows: As soon as the catheter was 

removed from the oesophagus of the rat it was quickly 

1. Personal communication from E. B. Pierce. 
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placod in the neck of a 1000 co. volmaetric flask. The 

syringe then reiiioved from the catheter and the con

tents of the catheter rinsed into the flask by repeated 

washings with distilleu water from a narrow stream de

livered by a wash bottltj, ihe tube was rfouioved from the 

flask, the solution diluted to the laark, iuixed, ana ali-

(^uots taken for glucose analysis. The syringe was again 

filled with the gluoose t^oluticn to the <1.5 cc. luaj^k, the 

catheter attached, and the solution introauced into a 

second 1000 cc. volumetric flask. This tinie the catheter 

was held in the flask after the syringe was reiuoved and 

the tube washed invo the flask in the manner previously 

described. The solution was uiluted to the mark, mixed, 

and aliv^uots removed for analysis. Thus, the first flask 

contained the washings from the cathetor and the socoud 

contained the washings plus the equivalent of the solution 

received by the rat. The difference should represent the 

amount of glucose administered to the rat, 

Sach method of glucose administration was tested. 

Two rats previously fasted for 1*5 hours were fed £.5 co. 

of a 50 per cent glucose solution in tho manner described 

fur each procedure. They were killed immediately and the 

gastrointestinal contents analyzed. The quantity of 

reducing substance recovered in each test was compared 
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wlth the iiuantity of glucose adminletered as calculated 

from the aualysss of the solutions, 'ihe results were 6S 

f ollovfs: 

TABLS. 5. ElCOinLHI Uf GLUGOSi. JROi^ TKACT 

Glucose Glucose Per cent 
iaethod aiiministerad xecovsred recovered 

rag. mg. 

Co Pi 
Rat no. 1 859.64 834.89 97.12 
Rat no. 2 857.66 8&7.90 96.53 

Pierce 
Rat no, 1 855.36 858.98 100.42 
Hat no. 2 879.68 866.66 98.52 

Description of i^imals 

The general physical condition of each aniiael was 

observed just before it was killed. A record was kept 

according to the outline shc/vn in Poria I in the appendix. 

jREiOTAL of TISSUES JTOK 

Method of Killing the imlmal 

Certain physiological factors are known to influence 

the glycogen content of the lirer by producing marked 

hyperglycemia. It was obviously desirable to control 

these factcsrs in so ft^r as possible in the period pre

ceding the death of the animal. The method used to kill 
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the antfftH.l laay also affect liver glycogen, Peters and 

Van Slyke^ list the coianion physiological conditions which 

deplete liver glycogen as starvation, exercise, and cold. 

The control of the starvation factor has already been 

discussed. Since the rats were starved durin^j the ni^jht, 

fed in the moming, and killed about nooa, they usually 

slept during the intervening hours, so that the effect of 

exercise was probably negligible. The animals were kept 

at the temperature to v^hich they %ere aooastojiaed ^A/hich 

rules out that variable. 

Various considerations were taken into account in 

choosing the xaethod for killing the animals. The effect 

of anesthetics upon blood su^ar levels and oonsetiuently 

upon liver glycogen is well known. Stanfler and Had el at 

(1920) found that ether, chloroform, and nitrous oxide 

produced laai'ked hyperglycauiia in dogs. Havdin, Vars, 

Goldschiaidt, and Jllingenaaiith (1938) observed that within 
I 

a fevr ijiinutes folioVving aduiinistration of an anesthetic a 

hyperglyceiaia occurs which nearly always increases during 

the period of anesthesia and results in a loss of liver 

glycogen, Ostein and Aschner (1916), working with human 

subjects, concluded that anesthesia plays an ioiportant 

role in the production of hyperglycemia after surgical 

1. Peters, J. P., and Van Slyke, D. D. 
1931. Quantitative clinical chemistry, Vol. I. 

Interpretations, Williams and Viiilkins Go», 
Baltimore. 
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procedure. The action of drugs may be hypoglycemic or 

hyperglycemio depejiding upon the effect on the nervous 

system (Peters and Van Slyke^). The use of anesthetics 

was therefore avoided. 

Some workers, for example, Hrubetz and Dotti (1924) 

and Ivlerble, Grafflin and Smith (1940) have decapitated 

the animals, Eov/ever, loss of blood is knoAnJ'n to produce 

hyperglycemia vi'hich according to Epstein and Baehr (1914) 

is a compensatory response on the part of 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 glycof?en wes brought out in the course 

of the experiment here reported by rat lio. 26270 in 

Series III. During the process of feeding, a toe nail 

was injured and some bleeding occurred during the four-

hour absorption period. Upon analysis the liver was 

found to be almost depleted of glycogen. 

It was finally decided to stun the animals by a blow 

at the base of the brain, then remove the tissues for 

analysis. This method was used by Cori and Cori (1926) 

and by Gregg (1931) and has been in use in the Nutrition 

Laboratory at Iowa State College for some years. It was 

1. Peters, i'. P., and Van Slyice, D. D. 
1931. c^uantitative clinical chemistry. Vol. I. 

Interpretations, yvilliams and Wilkins Co., 
Baltimore, p. 112. 
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&XL additional advantage to use the same method which had 

been practiced in other studies from this laboratory and 

a method to which the workers were accustomed. 

Removal of Liver 

Extirpation of Matemel Liver 

After the animal was stunned it was tirmlj held in a 
ventral position and an incision made on the ventral 

median line extending from the anus to the diaphragm. 

The abdominal wall was out transversely from the median 

incision, thus exposing the viscera. Care was taken to 

avoid cutting the larger blood vessels. 
/ 

The liver was removed as quickly as possible by 

severing the mesenteric attac^ents and the blood vessels. 

Since glycogen is subject to rapid post mortem changes it 

was essential to work fast. The excised liver was blotted 

free of blood and any adhering fat or connective tissue 

triaaaed off. It was then divided approximately into 

halves, each half out into strips and dropped into tared 

tubes of potassium hydroxide. During these operations 

the color and consistency of the organ were noted. 

As soon as the liver was removed the medial abdominal 

incision was extended anteriorly through the diaphragm 

and the ribs to expose the heart and lungs to kill the 
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animal. In most cases the heart was found still beeting 

Extirpation of Fetal Liver 

The uterus of the pregnant animals was iigated at 

the oviducts and the oervix, aad removed by cutting pos

terior to the cervical ligat^e. Some fat and the 

ovaries remained attached to the uterus when it was re

moved. The intact organ ^vas weighed roughly on a trip 

balance and the weight recorded. It was then split 

longitudinally and the number and condition of the feti 

and the number of resorptions, if any, observed. The 

feti, together with the placentae, were freed from the 

uterine wall and the stripped uterus weighed on the trip 

balance. The corpora lutea were examined and counted. 

In cases where the fetal livers were to be analyzed 

the feti were anesthetized by injecting a very small 

amount of nembutal (about 0.1 co.) into the pleural 

cavity. The liver was then exposed by making a medial 

abdominal inoision and two transverse incisions, and it 

was removed with a pair of small forceps. The livers 

from all the feti of one female were dropped into one 

tared tube of potassium hydroxide. Some difficulty was 

encountered in removing the entire liver due to the ex

treme friability and small size of the fetal organ. How 
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ever, the liver wtie very conEpicuous due tc its color €uid 

size in relation to that of the fetus. 

Removal of Gastrolntest inal Tract 

The gastrointestinal tract \vas reiaoved for examina

tion from all animals composing Series III and iSeries IV, 

In general, the method of rexnoval was that described bj'' 

Cori (1925) and later by Wilson and Lewis in 1929, Liga

tures were placed around the oesophagus and the rectum, 

and the stomach, small intestine, and whole large intes

tine were carefully detached from the mesentery and 

placed on a paper towel. At this point originally, the 

tract was ligated posterior and anterior to the cecum 

and the cecum only discarded. Later, following the ad

vice of Pierce^, the ligature was placed anterior to the 

cecum and the large intestine discarded as well. This 

procedure avoided contamination of the subsequent wash

ings with large amounts of feoal material. The method 

probably introduced no appreciable 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 traot opened 

1, Personal communication from H. B, Pierce, 
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longituiilnally end dropped into a betlcer, Tliis process 

was found to be quite simple if tiie tract were stretched 

on a paper towel» one end picked up with the forceps in 

the left hand, held over the beaker, and the point of a 

pair of siaall scissors inserted into the open end. The 

organ was slit rapidly by holding the scissors nearly 

stationary and pulling the split portion into the beaker 

with the forceps. In this way none of the contents of 

the intestine were lost. 

The instruments were rinsed into the beaker with hot 

distilled water an<3 the tract rinsed repeatedly with 

portions of water. The washings were transferred quan

titatively into a £50 oc. volumetric flask and set aside 

for analysis. 

Cori (1925) stated that there is little loss of 

sugar due to bacterial action in the excised intestine 

during a period of throe to five hours at 37° C. On this 

basis it was thought that prcoedures in the presant study 

might be facilitated if the tract could be frozen and 

preserved for analysis on the following day. To tost 

this procedure a starved rat was fed 2.5 co. of a 50 per 

oent glucose solution in the manner previously described, 

stunned iQunediately, and the gastrointestinal tract re

moved and placed in a beaker of carbon dioxide snow. It 
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froze immediately. 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 value was con

siderably reduced (15,40 cc. vs. an average of about 

19.00 CO. observed on tracts analyzed immediately). 

Therefore, the plan was abandoned and all intestinal 

tracts were washed immediately after removal and the 

solutions analyzed within a few hours. 

TilTafnl,nation of Tissues 

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 and 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 eouull^ n recorded after it 

had been placed in the potassium hydroxide. The kidneys 

were detached by cutting the renal bloo'l 7i»sse.l.s, and 

split longitudinally. The color and consistency of the 

cortex, medulla, and pelvis were then noted. The pancreas 



www.manaraa.com

-49-

had beijn obaarvod at the Mi/ie of rej:wval of the gaytro-

intestlnsJ. tract. Ths condition of tlic reproductive 

orv'.aj'AS of the prergiiant x'ema.ies, aximoer ol" fati, aaaber of 

corpora lutea,and nuuiber of resorptions were rscorded 

v/nen th« uterus was re^wved. The stomach ivas split open, 

v.'ashad in running^ wat^^r, and axfunined for ulcars. The 

lun^'.s wsra renovod and studied for signs of infectiou, 

and tho; base of the tongug and ciiddle et^r exposed for the 

detection nf pus pockets. j\ny other abnormal conditions 

were recorded, 

MIVTKODCJ 

Treataent of Liver 

Treatment of LSateisial Liver 

Glycogen v/ae determined eBsentially as described by 

Good, Kreiaer, and Somogyi (19S3). This method is a 

modification and sinplification of the classic Pfiuger 

11904) method which makes it possible to perform the 

analysis in a few hours. The process was carried on in 

50 00, Pyrex oentrifusa tubas v;ith round bottoms and 

pourout spouts. As stated by (rood et. al. (1953), the 

round bottofned tubes malse it possible to mix the contents 

by agitation while tho use of pointed oentrifuga tubas 
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requires mixing with a stirring rod. These tubes were 

pierced by two small openings on opposite sides near the 

upper edge and fitted with a bail made of fine non-

corrosive piano wire, so that they could be hung from the 

beam of an anlytical balance. 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 6 cc. of 30 per cent potassium 

hydroxide. This axoount allows for approximately 2 cc. 

per gm. of tissue, the proportion recoouaended by Gk>od, 

Kramer, end 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 analytical balance,and set 

aside 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. 

Usually 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 aniiaal, remove the liver and drop it 

into the potassium hydroxide. Wilson and Lewis (1920) 

found that no noticeable destruction of glycogen occurred 

in the time elapsing between the slaughter of their 

animals and the heating with alkali. 

The tubes were kept in a boiling water bath one-half 

hour or until a homogeneous solution was formed. It was 

found that occasional gentle agitation facilitated the 

solution of the liver end prevented small bits of tissue 

from drying to the sides of the glass. The tubes were 

removed from the water bath, cooled in a streami of water 

and the glycogen precipitated by the addition of 9.6 co. 

of 95 per cent ethyl alcohol; 1*S volumes in rela

tion to the original volume of potassium hydroxide. The 

tubes were carefully shaken to mix the alcohol and the 

alkaline liver solution and then replaced in the boiling 

water bath until the mixture began to boil. During this 

heating the precipitate became more flocculant and began 

to settle out. Cori and Cori {1953) found that heating 

after precipitation makes the glycogen stick to the glass 

iBore readily after centrifugation. During the heating 

care had to be taken lest the mixture froth and boil 

over. The frothing seemed to occur with the extremely 
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yellow livers and nay have been due to the foruiatioii of 

soaps with the liver fat. The tubes were rejjoved, cooled 

to room temperature and centrifuged for 10 iiiinutss with 

the rheostat set at 14. The centrifuging caused the 

glycogen to adhere to the bottcwa of the tubes, so that 

the aother liquor could be easily decanted. Ocoasionally 

when only sioall amounts of glycogen were present the 

precipitate v/as not completely thrown down by centri-

fugation* In such cases, the mixture was shaken up and 

reoentrifuged for a longer period, ijfter decantation and 

draining, the excess alcohol was reiooved by heating for a 

few minutes on the water bath. 

Cori and Cori (1933) advocated redissolving the 

precipitated glycogen in water and reprecipitating it. 

Consequently 4 cc* of hot v;ater were added to the pre

cipitate and stirred with a fine glass rod. The glycogen 

dissolved and was then reprecipitated by the addition of 

9.6 cc. of 95 per cent alcohol. The alcohol was added 

from a pipette in such a manner as to wash off the stir

ring rod and the sides of the tube. The mixture was 

again heated to boiling, cooled to room teioperature and 

reoentrifuged. The precipitated glycogen was now fairly 

white in. color and the supernatant liq^uid, a clear aml>er 

fluid, was poured off. The excess alcohol was again re
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moved by heating iund 10 cc. of noriual sulfuric acid 

added. The tubes wera loosely covered with tin foil, 

replaced in the hot water buth and liydrolyzod for three 

hours • 

Sahyun and iJLsberg (1931) concluded th^t sulfuric 

acid could safely be substituted for the hydrochloric 

acid used by Pfluger for the hydrolysis of glycogen. 

Data presented by these v/orkcrs indicate that while 90 

minutes ware sufficient for the hydrolysis of the glycogen, 

no appreciable destruction of su^ar took place beyond 

that tifde. Consequently, the procedure of Cori and Cori 

(1935) was followed in the present investigation and a 

three hour hydrolysio p&riod used as in the original 

Pfluger method. 

After hydrolysis the tubes were tightly stoppered 

and stored at a lo-s? teii5)erature in the refrigerator until 

glucose deterciinatloiis could be made. 

Treatment of Fetal Liver 

Ths fetal livers were treated similarly. The livers 

from one litter were pooled, as was previously mentioned, 

and due to the comparatively smaller mass of tissue to be 

dissolved, only 5 cc, of potassium hydroxide was used. 

The glycogen was then precipitated with 6.0 cc. of 95 per 
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oeut alcohol, dissolved In 3 co. ot water, repreclpltatad 

with 6,0 CO. of alcohol and hydrolyzed with 5 cc. of 

normal sulfuric acid for three hours. 

Treatment of Gastrointestinal Contents 

The contents of the gastrointestinal tract were 

washed Into a 250 cc. Tolumetrlc flask as has been 

described. While still warm from the hot water used in 

washing, 5 cc. of 3 per cent acetic acid, 5 cc. of 10 par 

cent sodium tungstate,and 5 cc. of 0.66 normal sulfuric 

acid were added to precipitate the proteins. Miller end 

Lewis (1932) used like aioounts of sodium tungstate and 

sulfuric acid and Wilson and Lewis (1929) stated that 

5 CO. 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 suction filter. Ali-

quots were taken for analysis. 

G-lucoae juaalysis 

Details of Technique 

When the tubes of hydrolyzed glycogen were taken for 

analysis the contents, first, were transferred quantita

tively with scall amounts cf warm distilled water to 
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50 oc, volumetric flasks. A few drops of phenol red were 

added as an indicator and the acid contents neutralized 

by slowly adding tpproximately noriual sodium h/droxide 

from a pipette* iifter the color of the solution turned 

red, a drop or two of normal sulfuric acid was added until 

the yellow color returned. Good, Kramer, and aomogyi 

(1933) added base until the hydrolysate was neutralized. 

However, since the copper reagent to be added was alkaline, 

Shaffer and Somogyi (1933) recoiiimended that the solutions 

be made slightly acid. 

The contents of the flasks were diluted to the mark 

and mixed. Dilutions were made and aliquots taken for 

analysis accordii\g to the amount of glucose present, for 

example, the solutions from the starved rats contained 

much less glucose than those from the animals of Series I 

and Series II. 

The method described by Shaffer and Somogyi (1933) 

was used for the glucose determinations. The stock 

solutions were prepared according to directions given in 

the appendix. 

With an accurate pipette (B.S.), 5 cc. of the sugar 

solution was measured into a fyrex test tube (£5 x SOO 

mm.,), followed by 5 cc. of the copper reagent added in a 
manner to rinse the sugar solutions from the walls of 
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the tast tube, laoh day an anlysis was aade, blanks were 

also run by measurttig two 5 cc. portions of water instead 

of sugar solutions and adding 5 co» of tbe copper reagent. 

The solutions were mixed by gentle shaicing and the tubea 

covered by sealed glass bulbs. The tubes were placed in 

a netal test tube rack holding Id tubes. The rack was 

then hung in a vigorously boiling water bath for exactly 

15 minutes, an interval tinier being used. At the end of 

this period the rack and tubes were reiaoved to a pan of 

cold water. 

Yiihen cooled to slightly above room temperature, 2 cc. 

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 iodide which 

precipitated. After standing (covered) 5 to 10 minutes, 

with occasional agitation, the bulb and walls of the 

tubes were rinsed with water and the solution titrated 

with .005 noraal sodium thiosulfate. When the brown of 

the iodine liberated faded to a straw color, 1 cc. of 

starch Indicator was added. The end point was reached 

vdien the dark blue of the starch solution changed sharply 

to the green blue of copper sulfate, i'or use during 
titration, stirring rods were made by colling a piece of 

fine glass roddlng at one end. 
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The titration value was subtracted fron tlia iieated 

blank titration and the titration dixferenoe corrected by 

a factor if tho tiiiosulfate was not axuctly ,00^ aoraial. 

The preparation and standardization of the thiosulfate 

are given in the appendix. The amount of glucose per 

5 CO. aliquoii of sugar solution was calculated from a 

regression based on analyses of poro glucose solutions of 

liiioim c on cent rat ion. 

Calculation of Glucose 

The first copper reagent was prepared in 1923. It 

was staiiciardized against solutions containing kno^wn 

amounts of gluoose and a regression calculated in the 

following maimer. 

Seventeen glucose solutions rvere prepared containing 

•quantities of glucose varying from 0.1596 gai. per 1. to 

0,3016 gm. per 1. Five cc. aliquots of each of these 

solutions v;ere analyzed according to the method previously 

described. Analyses were run in duplicate or triplicate 

and some of the solutions ivere analyzed on successive 

occasions. The composition of the glucose solutions and 

the volumes of 0.005 normal sodium thiosulfate equivalent 

to each are shov»n in Table YIII (Appendix). The volumes 

of sodium thiosulfate were plotted against the mg. of 
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glucose present in each aliquot. It was observed that 

the relationship was linear. Consequently a linear re

gression was calculated, using the statistical method 

described by Snedecor.^ The relationship is expressed 

the equation: S = 10.0808 Z - 1.3059. In the calculations 

the symbol X was used to represent mg. of glucose per 

aliquot analyzed and the symbol Y to represent cc. of 

.005 normal sodium thiosulfate. The symbol ̂  of the 

equation represents the estimated value of the volume of 

sodium thiosulfate, or the predicted value of Y. 

The two means, expressed as 7 and y were 1.1315 and 

10.10, respectively. The regression line was drawn by 

locating three points by calculating the values for S 

Tii^en X equals 0.7980, 1.4130, and 1.0085. The line was 

found to pass throu^ the point located by the two means 

(x, y). The various points as plotted, the regression 

line and regression equation are shown in i'igure 2. 

Copper reagents prepared in 1940 and 1941 were 

8tai]dardized by analyses with four new glucose 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. Collegiate Press, Inc., 

Mes, Iowa. Revised ed. p. 114-115. 
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vlth the t\,c copper reagent a are shovjn ii. Table Zi 

( Appwndix.). Theae oi^iht points v/ere plotted on the graph 

clrav.TI ^'reviously for the first copper reageiit toid were 

found to lie upon the regrssslon line {iigure 3), Iha 

regression e'^uation, Z = 10.0808X - 1.3059, V-e-s used, 

tlierafore, foi' the cQleulution^ of all unknown ̂ jlucoae 

values, the voluiae of the .005 noriaal .sodium thiosulfate 

being &ubgtituted for S. 

Calculation of Glycogen 

The weight of glucose, as calculated, was converted 

to glycogen by the use of the factor 0.927 (Pfliigar, 

1904). 
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BETLSi^ OT LITERATORJS 

Someone has called the li^er the **watchdog of metabo-

llsm** and a study of the multiple hepatic functions makes 

the aptness of the phrase evident. The importance of the 

organ and its capacity to carry on many metabolic reac

tions are well known. In fact, because of its versa

tility, some processes, whose sites are unkno\m, are 

ascribed to the liver without experimental evidence. 

It is generally known that the liver takes part in 

the following activities: 

1. Secretion of bile 

2. £rythropoiesis in the embryo 

2. Destruction of erythrocytes 

4. Detoxication of poisonous substances brought 

to it by the blood 

5. Removal of particulate substances from the 

blood 

6. Deamination of amino acids and formation of 

urea 

7. Destruction of uric acid 

8. The desaturation of fatty acids subsequent 

to their utilization by the tissues 

9. Formation and storage of glycogen and 
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regulation of the glucose content of the 

systemic circulation 

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 forma

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 the liver* In an interesting review article, 

kann (1937) discusses the ••role of the liver as the 

coxomissariat of the body**, and suiumarizes the most 

sigaifioant facts concerning hepatic activity in main

taining the food supply to the body tissues. It is the 

duty of the liver to provide a constant stream of food 

material to the other tissues. Mann discusses this 

function in relation to the storage of food materials, 

manufacture of food, and mechanisms of regulation. These 

functions will be described very briefly in reference to 

the three main classes of foodstuffs. 

Proteins leave the digestive tract in the form of 

amino acids and are carried to the liver by way of the 

portal vein. There they are stored tea^)orarily, then a 
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certain proportion of these are built into body tissue; 

the excess deaminized by the liver, and the remaining 

parts burned or converted into carbohydrates. Bollman, 

iiiann, and Magath (1926) demonstrated that deeminization 

is dependent on the liver since it did not occur after 

the liver was removed. The ammonia split off during 

deaminization is converted into urea. That urea forma

tion is the exclusive function of the liver, vfas proved 

by Bollman, Mann, and Liagath (1924) in a very clever 

series of experixaents on dogs, involving the reinovel of 

kidneys and liver. Schiuidt and Allen (1958) indicate 

that the Krebs and Henseleit theory of the mechanism of 

urea formation is quite generally accepted. Chemical 

reactions between ornithine, carbon dioxide, amcoonla, and 

water, brought about by actions 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 was believed by-Pfluger that there was a special 

form of storage protein which corresponded to glycogen 

as the storage form of carbohydrate. But Luck (1956), in 

a study of rats reared on high and low protein diets, 

concluded that none of the liver proteins can be singled 
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out as a reserve of labile protein, and that all partici

pate equally in the storage cf proteins. 

The liver is itnown to play an impcrtant part in fat 

metabolism and to be iiaportant as a fat depot, i'he depo

sition of fat in the liver may assuiue pathological 

importance. Campbell (1940) has outlined the literature 

in respect to the production, the cure, and the prevention 

of fatty liverc, 

Fatty acidB, coaling frcaa the fat stores of the body 

or froia the food fed, are transported to the liver by the 

blood. One of the first steps in their utilization is 

believed to be a desaturation, since the iodine nucabertJ 

of the liver fat are higher than those of the source 

fatty acids (Leathes and Raper, 1925). They loay then be 

converted Into phospholipids, and after desaturation and 

phosphorylation are oxidized. The beta oxidation theory 

of Knoop probably explains the principle, mode of oxida

tion (Shenaan, 1236). liann says in his discussion of fat 

metabolism: 

^1, The Qxchange of fat in the liver is an 

extreaely important process; 

8. It is difficult of investigation; and 

3. Some progress is being made but not 

comoiensurate to the importance of the 

sub j ect, •• 
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Th.© relation of the liver to the metabolism and 

storage of carbohydretes is of special interest in tha 

present study, Claude Bernard, the great French physi

ologist, first traced carbohydrates through the labyrinths 

of laetabolisia (Olmsted, 1938). His basic demonstration 

proved that glucose is present in the blood. Then in a 

claBsio experiment, Bernard, after feeding a dog meat, 

found that blood from the portal vein contained no sugar 

but that blood from the hepatic vein did. He concluded 

that the glucose must have come from the liver and in 

1850, published a paper in the Proceedings of the Academy 

of Sciences (of France) in which he announced a new 

function of the liver to which, later, he gave the name 

glycogenesis. He termed the hypothetical storage 

substance, glycogen. By iaarch, 1857, Bernard gave 

directions for isolating glycogen, which are practically 

the same as those used today. Although all the theories 

advanced toy Bernard are not accepted today, certain 

clean-cut facts are the foundations of our present 

knowledge of carbohydrate metabolism. These principal 

facts are; sugars are carried to the liver in the portal 

blood, excess carbohydrate is stored in the liver as 

glycogen, is released again into the blood as glucose and 

finally oxidized to carbon dioxide and water. 

Sugar is also stored in the muscles as glycogen but 
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the percentage composition of the liver is higher and 

only the glycogen of the liver is capable of being trans

formed into glucose and mobilized for the use of the 

tissues. It is interesting that even in the absence of a 

dietary source of carbohydrate, glycogen is present in 

the liver. The liver has the capacity to use body 

protein and fat as a source of glycogen. 

The amount of glycogen present in the liver is 

extremely variable and changes occur rapidly. Little is 

known about the actual chemical processes taking place in 

the liver cells which change glucose to glycogen (glyco-

genesis) and which transform glycogen back to glucose 

(glycogenolysis), Enzymes are no doubt involved in these 

reactions. It is evident that there are extremely 

delicate mechanisms which regulate these transformations 

and supply a constant streaxii of glucose to the tissues of 

the body. 'Alien the liver is removed, hypoglycemia results 

and the animal 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. Much research is being conducted in 

an effort to make clear the complexities of the relation

ships involved, liering and iainkowski (1890) in a ciassic 

piece of work on depancreatized dogs, discovered that re

moval of the pancreas results in hyperglycemia and 
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a hormone which they called insulin is secreted hy the 

panorean and that this homoue has to do v;ith the re^^ula-

tion of carbohydrate tiietabolisa. The injection of 

insulin restores to the dap&.ncreatiaed animal its ability 

to utilize sugars and glycogen is deposited in the liver. 

If insulin is ediuinietered to the noraal animal there Is 

a fall in blood sugar. 

Injection of epinephrine, on the other hand, causes 

increased glycogenolysis and the effect is hypergl/ceiaia. 

Brltton and ailvett {193S) believe that removal of the 

adrenals is followed by hypoglycezaia and a reduction of 

glycogen in muscle and liver, but Mann says such findings 

have only occasiona lly been noted in his adrenal ectoxnized 

dogs. There is apparently an antagoniaai in the effects 

of insulin and epinephrine. In an experiiaent v/ith human 

subjects, Asmussen, Wilson, and Dill (1940) found that 

during lausoalar exercise the administration of epinephrine 

increased the blood sugar level, insulin decreased it, and 

injections of both caused small fluctuations. Oori and 

Cori (1928a, 1928b, I9g8c, 1930) have reported the 

results of an intensive study of the mechaniams of 

epinephrine action in which they concluded that decreased 

utilization of blood sugar plays an important part in 

epinephrine hyperglycemia and that insulin is an 
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inhibitor of the hepatic glycogencolysis accelerated by 

epinephrine. Since it is believed that there is an 

increased output of epinephrine during emotional states, 

fear and excitement should result in increased glyoo-

genolysis and thereby cause a variation in the glycogen 

content of the liver. 

More 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 anterior pituitary is also removed. 

Marks and Young (1938) demonstrated that rabbits receiving 

injections of anterior pituitary extract during a 24-hour 

fast showed higher concentrations of glycogen in the 

liver and muscles, than did the controls. Russell (1936) 

stated that hypophysectomized rats lose body carbohydrate 

at a greater rate than do normal animals. The hormone of 

the pituitary glai^ having the effect of raising the 

blood sugar level is sometimes called the diabetogenic 

hormone (Wolf, 1940) and there has even been postulated a 

pancreatropic hormone whose action is antagonistic to the 

diabetogenic one. 

Mann says that hepatic activity can 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 or nanufaoture of food, and (5) the amount of 

available food juaterials reaching the liver. 

Various factors besides the action of hormones 

affect the amount of glycogen found in the liver at a 

given tirae. Some of these factors are: the amount and 

character of food ingested, eitent of bodily exertion, 

sex, species of animal, and the diurnal cycle. 

The amount of glycogen stored in the liver can be 

varied greatly depending on the quantity 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 carbohydrate feeding may increase the 

percentage composition of glycogen in the liver from 3 or 

4 per cent to IS per cent. Butsch (1952) found that the 

liver of dogs could store glycogen up to 20 or 25 per 

cent. 

MacKay and Bergman (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 as rapidly on 

all three diets. They concluded that the pre-ezperimental 

diet had no effeot after 24 and 46 hours of starvation 

upon the rate of glycogen deposit in the liver after 
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feeding glucose, Groishoioier and Johnson (1930) fad test 

diets containing 87 par cent of the oaloriea in the form 

of sucrose, lard, or casein to rats. The animala were 

killed without starvation and the conoentration of 

glycogen in the liver deteriained. V<hile the quantity of 

th© carbohydrate was significautly higher in rats on the 

high sucrose diet, it vjas lower on lard ana casein than 

on the control diet. A close relationship was found 

between the quantity of food uiakin^ up the last 12 hours 

of food intake and the liver glycogen content. Glycogen 

is probably net readily forued on a hi<^ lard diet. 

It is well kncvfli that increased energy req.uireiaants 

due to bodily exertion result in depletion of the 

glycogen stores of the body, jia Howell (19S7) says, 

workers agree that glycogen disappears from a muscle in 

proportion to its functional activity. Since muscle 

glucose is 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. Kutter (1941) worked out a system to fatigue 

rats, thereby lowering the 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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Sv\iiii until exiiaudted (a paricd of about 10 iiours). It 

vkas found tiaat while fatiguiag, exercise daring a period 

of fasting tlecroased tiie aiuscla glycogen to much lower 

levels than fasting alorie, it reduced the liver glycogen 

only slightly acre than fasting alone. Other forins of 

exercise, such as running in revolving cages, running on 

a treaduiill, or iauscular contractions caused by electrical 

stimulation, are sometimes used as ezperiJiental procedures. 

Grreisheiiaer (1931) pointed out that loale rats fed on 

various diets had higher liver glycogen and lower liver 

fat than did females on the saoie diets. i>euel ̂  £d have 

investigated this sexual variation in a series of experi-

lacntB (19S4, i9S7). They found that the concentration of 

glycogen in the liver of male rats "was higher than in 

ferjales for all periods of fasting up to 96 hours after 

administration of glucose. In the earlier worK. {19S4:), 

no differences were found in xmfasted jmle and feaale 

rats. In another study (1937) with a large group of rats 

on high fat diets, the relative concentration of liver 

glycogen in the female averaged about 60 per cent of that 

in the males. In uoraial and adrenalectomi^ed rats, the 

same laboratory (1937) reported a sex difference in the 

formation of glycogen following administration of glucose, 

and that the rate of glucose absorption is higher in the 
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age upon the sexual variation in the ccnteiit of glycogen 

in the liver find found no sexual differuLce in rate 2G to 

P.C days cf nor in ola rats (17 to 24 laonths). vvith 

the exception of these groups, the values were consist

ently lower in the feiaale than in the xiiales. Lince the 

effect is not observed in the old or young aniiiiiil, Iteuel 

and coworkers believe that the alteration is referable to 

the sez glands. They believe that there aay be an 

inhibitory glycogenic effset caused by the ovary rather 

than a stimulatory effect on glycogenesis traceable to a 

testicular secretion in the laale. The hi^iier fooci oon-

aumption by the xu&Ies was not responsible for the 

difference since it occurred when no variation in food 

intake on the weight basis could be shovvm. 

Ihere is also a difference in the content of glyoogen 

in the liver in normal animals of various spocics. Dukes 

(1937) gives the following values: rabbit, 5 to 7 per 

cent; dog, 5 to 4 per ceait; evfe (pregnant), 3.8 per cent, 

karble, Grafflin, and Saith (1940) in an Investigation 

presenting data on norxaal values of glycogen in the liver 

of guinea pigs, found averages of 6.16 and 6.98 per cent 

in two series of male animals, apparently the relative 

amount of glycogen in the liver of noruial guinea pigs is 
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higher thajo in rats. (See Table 6). A cyclic variation 

in hepatic activity has aoiuetlmes been described, ilgren, 

wilaiider* £.nd J'orpes (1931) reported ciifc-uges in the 

glycogen content, of the livtjrs of vvell-l'ed mice, vJiich 

they believed to be independent oi the intake of food, 

but to be dependent upon "astronomic factors**. The 

livers of these mice cojutttined iiiore glycogen during the 

nij^ht, than during the day. Ki^gias, Berkaon, and ilock 

(193i5) farther iavestife^ated this so-culled diurnal effect, 

by training ruts to eat at various two-hour periods 

duriu^ the tweiity-foar hours, then killing the animals 

six hours after eating 10 of food and deteriaininij the 

concentration of ^lyoot^en in the liver. Under these 

oircuiiibtauces, the diurnal variations were not observable 

and these workers believe that cyclic changes in the 

livers of rats whose consuiuption of food is rigidly con

trolled are dependent on the physiological factors 

associated with feeding, 

On the other hand, Deuel and coworkers (19S3/ ob

served a diurnal variation in the level of glycogen iu 

the livers of unfasted rats having access to a stock diet. 

The liver glycogen in aales varied froii 4.74 per cant at 

4 a.ia. to 1.68 per cent at 4 p.ai. jn. elBiilar cycle was 

no^ed with feiaales, although the peaks were delayed. 

These variations, nov.ever, may ha«e been due to the 
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periodicity of food conauaiption sine© tho rat is a 

nocturnal feeder. Vvkea a glucose test :ues.i was givan 

aftsr a ia^tiiig period and tiio detcnuiaations ol glycogen 

made alter 1£ hours, a very constant level was noted for 

eaoJti sei at the 4-hour intervals studied throughout the 

day. These vvorK.ers also conclude that the diurnal 

vai'iationG are or dietary origin. 

The relation btitv^een the Tat and glycogen content of 

livers is of special interest in the present study. 

Roseni'eld's coiiuients (1902) on the antagonisiu between fat 

and glycogen havo already been discussed, i^iann (,1257), 

say& that since changes in lat content oi the liver occur 

iiicre slov/ly than those in glycogen content, it is possible 

lor the liver to have both a high glycogtin uud fat 

content. In general, when the content of one is 

increasing, the other is decreasing, so they may be eald 

to have a reciprocal relationship to each other. Goodale 

{19v>7) described a patient who died of hypoglyceikia 

follo'*i(ing the destruction of glycogen stores of the 

liver by fat infiltration due to excessive alcoholisju. 

Ee suye that v^hen the glycogen storage function of the 

liver is impaired, fat infiltration is increased. *his is 

in agreeiiient with Kosanfela Mho suggests that livers with 

a high glycogen content refuse to take on lat and that 
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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 and its relation to 

hypoglycemia. One patient showed severe hypoglycemia 

which could not be relieved by administration of glucose. 

A study of a small piece 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 hypoglycemia 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 chief factor in the causa

tion of pregnancy toxemias. They found fluctuations in 

the blood sugar level during eclampsia and believe that 

eclamptic convulsions are hypoglycemic reactions. The 

authors also state that the tendency to low blood sugar 

values in patients with hyperernesis gravidarum indicate 

glycogen depletion and that the lowest values indicative 

of the isost profound glycogen depletion were seen in the 

sickest patients. 

Siegel and Iwylie (1933) investigated the claims of 
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Titus and Uodds emd found that while fluctuations in 

blood sugar in eclaiupsia with a tendency to lower blood 

sugar levels occurred after each convulsion, the 

majority of patients were hyperglycemic. However, in 

preeclampsia low or subnorcoal blood sugar was charac

teristic. Siogel and Wylie also believe that eclampsia 

is accompanied by unstable carbohydrate metabolism. In 

disagreement with the preceding reports, inlays and idocord 

(1935) state that neither hypo- nor hyperglycemia is 

characteristic of eclampsia and that the absolute 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 

pregnant women, exhibiting some form of toxemia. In 

toxic pregnancy, there was no greater incidence of 

glycosuria than in normal pregnancy. Toxeoiia produced 

no change in the blood sugar levels, but a study of sugar 

tolerance indicated that toxic pregnancy produced marked 

change in galactose and levulose metabolism. 

It will be noted that there is lack of agreement 

concerning the state of carbohydrate metabolism in the 

toxemias of pregnancy, but the possibility certainly 

exists that derangement may occur. 

From the experimental standpoint, there have been 
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Tery fev/ studies dealing with carbohydrate aetebolism in 

Ebnorxoal pregnancy. However, the following studies are 

of importance in this connection. 

In an investigation of the pregnancy disease of 

ewes, Hoderick, Harshfield, and Merchant (1935) compared 

the concentration of glycogen in livers of diseased ev/es 

to that in normal control ewest The glycogen in the 

liver was reduced from an average of 3.76 per cent in 

noraial ewes to 0.21 per cent in ewes with the pregnancy 

disease. The lowering of the liver glycogen resxilted in 

a frequent lowering of the blood sugar level, Hoderiolc 

and cov/orkers 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 necessary to protect the animal from 

acidosis. Hypoglycemia is correlated with a loss of 

liver function. 

In a further study of the pregnancy disease of 

sheep, Roderick and coworkers (1937) produced acetonuria 

and acidosis and other symptoms of the pregnancy disease 

by withholding food from, pregnant ewes. Jatty livers 

were found in starved ewes and lambs. The authors 

conclude that pregnancy disease is definitely related to 

carbohydrate metabolism, and that with an Inadequate 
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liver, and fat taJs.es its place. They iaantion unpublished 

data to the effect that fetal lambs store glycogen prior 

to parturition, and that as high as 9 per cent of glycogen 

has been found in the fetal livers—a value two to three 

tiiiies higher than that present in the aaternal liver. 

Fatty livers, induced by starvation, wore cured by feeding 

the anluals until ketosis disappeared, as liodorioJc says, 

this dejjionstrates the reversibility of the reaction 

between the presence of glycogen and fat in the livers 

of sheep. 
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i. -ixiiilTIVE CQi>iGiii.vXiwi.TIOiv ci' GrLYwOG'iu.* Xiv jjX'Vi,Ii3 

Steeabook V Virgins vs. Pork ̂  Virgins 

iiie quantity or glycogen present in the livers of 

virgin rats ted tiie two test diets w&s i'ir£;t studied. 

Tlie concentration oi liver glycogen wa& deteiiuined in a 

group of virgin r£its reared on the stock diet, designated 

as Steenbock V, aud in a group of virgin rats reared on 

uhe experimental diet, Pork X. These anitnals, after a 

l5-nour fast were offered 4 goi. of the diet on wnich they 

had been maintained, and the tissues removed for analysis 

after a seven-hour interval. Analytical results, weights 

and ages of the animals, and liver v/eighta are presented 

in Table XI and Table XII (^pendix) and are sunuaarized 

in Table 6. The two groups were very similar in regard 

to age and body weight at the ticie the deterioinations 

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}« 
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TiiBLJS 6. AVERAGE C0NC3NTEATI0K OF GLYCOGSt^ IT-i LIVER - GERISS I AI>ID II 

Diet Reproductiva 
status 

UuL'iber 
of 

ratsf 

«/t • 
Of 
rata 

Age 
of 
rata 

%t. 
Of 
liver 

Vkt. of 
liver 
clvoosten 

irer Gent 
of 
fcclycoffen 

Pork X Virgin 

EB' 

8 

. ££:• 

173.7 

day s 

152.1 5.6998 231.69 4.08 Pork X 

Pregnant 26 236.0 142.6 7.5217 193.24 2.57 

Steenbock V Virgin 8 170.8 149.5 5,9855 S15.11 3.68 Steenbock V 

Pregnant 23 262.9 146.9 7.7434 346.20 3.18 

Pork I 
(oeries II) 

Pregnant 10 251.4 117.4 8.6367 ?01.60 2.34 

I 
P H 
I 
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TABLJi 7. iiiiALXUIw Oi wJ' 01 LIViii 

GrLYOUGii* hit LIViLiio 01 VIJaGIii xtAio iii; -

SIkltllLo X 

Analyses iSouroe Degrees ^um Mean 
ioade of or of sq.ubr6 

variation freedom squares 
sq.ubr6 

vVelgbts Items within 14 8.6088 0.6149 
of tjao groups 

livers Between group 1 0.3268 0.3268 
iu6£iJQB 

Total 15 8.9356 

At> solute Iteius within 14 141^1. Jib iooa.66 
quantity the groups 

of Between group 1 1381.60 m!i81.60 
glycogen means 

(flig.) Total 15 1550£.Q5 1.37 

Relative Items within 14 2.0826 0.1488 
quantity the groups 

of Between group 1 1.0100 1.0100 
glycogen means 
(per cent) Total 15 3.09S6 6.79* 
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TiUSL-a 8. CONClSNTiLrtTIGN CF GLYCOGLN 11^ OiJ KORiiiivLLY-OT MS 
AS RJ;i^)R'i ii; LY V^iRIOUS Ii-;VEy'i^IG^--TORS 

In ve sti ̂at 02^ Date Jiuaber of 
anloials 

Concentration of 
liver .'slycogen 

Roxaai'ics 

per cent 

Crreisheimer 1930 SF and 4M 4.49 Stock diet, no 
starvation 

Greiaheimer 1931 3i' 5.^0 Starved 48 hrs., fed 
stock diet for S4 hrs. 

Gori, Cori, 
Buclmeld 

1950 8 2.44 Had been given glucose 
but were called "iwall 
fed'* 

Deuel, Grullok, 
Gruiiewaxd, 
Cutler 

1934 BOF 3.53 Stock diet, no 
starvation 

Jirubetz, Dotti 1934 11B 1.78 Fed normally 

ijeuel, Butts, 
Hallioan, 
luurray, Blunden 

1937 101 
6F 

SOW 
£.59 
1.79 
3.80 

15-76 days old 
86-90 days old 
17-18 mo. old 
Unfasted, stock diet 

liutter 1941 4? 8.78 iuiiiiiais taken directly 
froia tiie stock colony 



www.manaraa.com

84« 

The F test of significance was used.^ (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 weigJrite of this organ in the two groups. However, 

the livers of the pork-fed rats contained a significantly 

higher per cent of liver glycogen xhan did the livers of 

the virgin control rats. From previous studies it is 

known that the livers of the pork-fed virgins are fatty. 

Could the presence of this fat influence and retard in 

some way the progress of glycogenolysis, resulting in 

higher liver stores even in the pork-fed virgins? 

The virgin rats used in the present study and treat

ed in the manner described are probably comparable with 

noroally-fed female rats mentioned in the literatvore. 

Some values for the concentration of liver glycogen in 

such rats reported by other investigators are compiled 

in Table 8. It must be borae in mind that age, Bex, 

quality of diet, and environmental conditions may have 

been variable in the studies reported. However, the 

values for the per cent of liver glycogen, as determined 

in the study herein reported, fall within the range of 

1. Snedecor, G. W« 
1938. Statistical Methods, revised ed.. Collegiate 

Press Inc., iuaes, Iowa, pp. 184-187. 
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those presented by other workers. They compare very 

closely v/ith the figures given by Deuel ̂  ai (1934, 

1937). 

Steenbock V Pregnant Rata vs. Pork I Pregnant Bats 

Liver glycogen \^as also detenained in pre^jnant rats 

reared on the stock diet and in pregnant pork-fed rats. 

These groups were fasted, then fed seven hours before 

killing, in the manner previously described, i^alyses 

were perforiaed on the twenty-first day of pregnancy. The 

experimental data are presented in Tables X and XII 

(Appendix) and the mean values are s<iMDarizied in Table 6. 

Upon autopsy, 11 of the animals fed the pork diet 

exhibited total resorptions. Eor this reason weights of 

uteri and feti are not complete in Table XII. This may 

also account for the fact that on the whole the control 

animals were somewhat heavier than the experimental rats, 

although they were of approximately the same age. The 

absolute quantities of glycogen produced by the control 

group and the rats fed the pork diet were 246.S gm. and 

193.2 gm, respectively; the relative amounts, 3.18 per 

cent and 2.57 per cent. The weights of glycogen in the 

liver, the percentages of liver glycogen, and the liver 

weights in each group were compared statiatioally using 

the F test of significance (Table 9), AS in the 
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TABLii 9. xiNAi-YSIS CI' VaRMCS Oi VrfLlGHTi Ox' LiVjSK jdiv Gi.YCOGEN 
IN LlVi-nS 01 PRSGimifl h^-.T5 xED Dli'lEEliNT DIi^& - SERIES I 

x'vnalyses 
made 

Source of 
variation 

Degrees of 
freedom 

kium of 
s^iuares 

i^ean square 1? 

Liver 
•weights 

Items within 
tile groups 

Betv.'©en group 
means 

Total 

47 

1 

48 

29.012& 

0.5965 

£9,6110 

0.6172 

0.5985 

absolute 
quantity 

of 
glycogen 
im.) 

Items within 
the groups 

Between group 
meauB 

Total 

47 

1 

43 

99,704.0876 

32»964.697S 

640. 7851 

2,121.3625 

32,944.6973 

15.53 

Relative 
quantity 

of 
glycogen 
(per ceut) 

Items within 
tlie gj^oups 

Betv^een group 
meti&s 

47 

8 

15.6298 

4.451E 

0.3325 

4.4312 13.33 

Total 48 20.0610 
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preceding enalysia, tiie variation in liver wei^ts 

witliin the groups Vias (jreater than that between the 

groups. Liver glycogen both from the relative and 

absolute standpoints in the Steenbock-fod group was 

higher than that in the pork-fed group and the differ-

onoes v/ore highly significant, to the basis, then, of 

the i^uantity of glycogen stored, the experiuiental 

anixauls showed either a leas officiont storage of carbo

hydrate or a higher rate of glycogenolysis. Possible 

explanations for the difference in liver composition will 

be pointed out later. 

Wo investigations reporting the quantity of glyoogea 

present in the liver of pregnant rats were found in the 

literature. 

Virgin Rats vs. Pregnant Rats 

A comparison of the store of glycogen in the liver 

of virgin rats with that of pregnant rats is interesting 

(Table 10 and Table 11). In both the control and oxperi-

.iiental groups, the weights of the livers of pregnaiit rata 

were significantly higher than those of virgiiiS. The 

absolute weight of liver glycogen in the virgin animala 

fed the pork diet was greater than that in the pregnant 

rats but the variance was not signif icant. However, the 
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TAbLS 10. iJ^iALYSIS 01 OF VvSiadTS Oi' LIVi£ AliD GLrCOO:^' m i.IVii.ES 
01 PHiifiK^JvT VHUIK POfcK-J^- - oSKIIiS I 

iJialyses Source of Decrees of aum of iueen square F 
loade variation fraedom squ tires 

x.iver Items within S2 £2.Co90 0.7061 
weIghts th's groups 

Betv^een group 1 20.3044 £0.3044 
means 

Total 53 42.9624 £8.67 

solvite IteiZiS uithia 22 7u,863.67 2,370.74 
quant ity thfe gi'oups 

cf 
glycogen Between group 1 9,045.65 ^ , 0 'i<J .Go 

) fiieans 

Total 8-i,j09.'62 3.32 

Eelative Items within S£ 11.7129 0.5660 
quantity the groups 

of 
glycogen Betv«een group 1 i£.9151 13.9151 
(par means 
oent) •* 

Totel &3 25.6280 36.02 
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T^LE 11. iiiJALYSIS Oi' TARIAKCE OF WEIGHTS OF LIVER Gx^XCuaii." lu x.IVi.Rb (ii 
PRiSGKAUT AND VIRGIS CONTROL RiiTS - Smi"^ 1 

Analyaea 
loade 

Source of 
variation 

Degrees 
freedom 

of Sum of 
Squares 

Mean square F 

Liver 
weights 

Items within 
the groups 

£9 14.9606 0.5159 

Between group 
means 

1 18.3385 18.3385 

** 

Total 30 33.2991 35.55 

iJt)solute 
quantity 

of 
glycogen 
(mg*) 

Items within 
the groups 

Between group 
means 

29 

1 

37,961.66 

6,111.70 

1,309.02 

6,111.70 

Total 30 44,073.36 4.67 

Relative 
quantity 

of 
glycogen 
(per cent) 

Per cent of liver 
glycogen within 
the groups 

Group means 

29 

1 

5.9995 

0.9644 

0.2069 

0.9644 

4.66 Total 30 6.9639 4.66 
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v/eitjlit of glycogen, was si£;nif icantly hi^ier in the preg

nant coritiX)i rats tliiiji in the virgin oniiriala fed tl\Q 

saiAo diet. In tiie case oi' rats reared on both diets the 

perceiitage of glycogen was greater in the livers of the 

virgins than in the pregnant animals and the uiffereiices 

were hii.-^iiy aigti if leant. 

IhQ diiference between the p©rcenti..go c one ant rat ion 

of glycogen in the livors of the pork-fed virgins ana the 

pork-fed pregnant rats was greater than that betv/een con

trol virgins and control pregnant aniiaais. These data 

studied in connection with the absolute q.uantity of 

glycogen present in the livers of ©t.ch group indicate 

that pregnancy in the rats given the Pork I diet 

definitely inhibits the deposition of glycogen to the 

extent that occurs normally. 

Pork 1 Rats with Total Resorptions vs. 
Pork 1 Rats with Living Feti 

The frequent occurrence of complete resorptions in 

this particular group of pork-fed pregnant rats gives 

rise to interesting speculations. Poes the occurrence 

of resorption result in iaetabolic disturbances which 

cause depletion in liver stores? Or may toxins be re

leased which have an effect on carbohydrate metabolism? 
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Conversely, did disturbai'^c&s oT caxbcliyclrate ;uetabolisai 

in the pork-i'ed groups result in the poor nutrition and 

c0.n3eq.uent death of the feti? In an atteaipt to Etnswer 

Bo.ne of these :iU est ions, the pork-fed females were 

sorted into two groups, those snovving total resorptions 

end these rith liviii£ feti. The liver weights, v,'Qignts 

of fel/cogen in tiie liver, and percezit^Lgas ol glycogen in 

the liver are showii in Table XVI (Appendix) and the :aeans 

shovm in Table 18, 

1::^> AtfsLx.\-iJjrJ<t XIvJ^XO.i.<i Oi! .uXVEK CriuYOOG^u ll^i 

RESOIiBIKG AiVL KO£i)-HESOI\BIi'iG POHK-Fiji) i" 

Condition 
of 

female 

ij umber 
of 
rats 

V*'t. of 
the 
liver 

V/t. of glyco
gen in the 
liver 

Par cent of 
glycogen in 
the liver 

m* 
Total , 

resorptions 11 7.1158 164.16 2.31 

Living 
feti 14 7.7568 213.31 2.78 

The average liver weight in the animals with living 

feti was significantly higher than in those with resorp

tions (Table 13). The weight of glycogen in the liver 

was also significantly hi^er but the difference in per

centage of liver glycogen was not significant. In this 

case it appears that the increased liver stores were at 

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

average percentage of liver glycogen in the females with 
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TABLS 13. AMALYSIS OF VARI^^CS OI- LIVER Wi-IGiiTS /U}JD GLYCOGEN 
IK LIVERS OF POBK-FED HATS VsTTH RESORPTIOHa aX© TH0S5 WITH LITOG Fi2I'I 

Analyses 
made 

Source of 
variation 

Degrees of 
freedom 

Sum of 
squares 

Mean square F 

Liver 
weights 

Items within 
the groups 

S3 12.1617 0.5286 

Between group 
means 

1 2.5318 2.5318 

Total 24 14.6935 14.6935 4.79 

iJbsolute 
quant ity 

of 
glycogen 
Im') 

Items within 
the groups 

Between group 
means 

S3 

1 

47,855.1207 

14,878.9633 

2,080.6574 

14,878.9633 

* 

Total S4 62,734.0840 7.15 

Relative 
quantity 

of 
glycogen 
(per cent) 

Items v/ithin 
the groups 

Between group 
means 

S3 

1 

9.3379 

1.3477 

0.4060 

1.3477 

Total S4 10,6856 3.32 
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living feti, I 2.78, was also significantly lower 

than that for the pregnant control rats, 3.18 per cent, 

but some of the difference observed in the original 

analysis has been removed by the elimination of the 

feiaales with resorptions from the Pork I group (df, 35 

and 1; P, 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 

nuaber of partial resorptions per experiuiental rat was 

1.6 in contrast to 0.8 in the control group. V/hen 

resorptions in individual rats in each group were 

studied in relation to liver glycogen it was found that 

there was no consistent lowering of glycogen in laaternal 

livers due to the 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 amount 

present in a similar group of Steenbock-fed rats. 

Liver Glycogen in Terms of 100 gm. of gemale 

As another check on the observation that a sub

normal amoxint of glycogen is stored in livers of rats fed 

the pork diet, variation due to the differences in body 
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waight was next considered, Tlia q,uantiti0s of liver 

glycogen in pregnant control and pregnant experimental 

animals of Series I were calculated in terms of lag. of 

glycogen per 100 ©a. of rat (Table XIV, Table XV, 

Appendix). 

The number and weights of feti present were extremely 

variable and consequently influenced the body weights. 

For example, 11 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 ga. to 58.b gm. in the group fed the pork diet 

and from 41,5 gm. to 74.6 sfo., in the control rats. In a 

further attempt to reduce the effect of this variation, 

the quantities of glycogen present in the livers of both 

groups were also calculated in terms of mg. of glycogen 

per 100 gm. of female minus the weight of uterus (Table 

XI7, XV, Appendix). 

The mean values for each group of rats obtained by 

the tvKj methods of calculation are given in Table 14. 

Animals for which data were incomplete due either to 

resorptions or experimental error, were omitted in the 

calculation of these means. 
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MLE 14. AYSRiiGE V^EIC-Hl' OF GLYCOGili IN CONTROL 

MC POHK-FED Rj^'3 OF SEEIlS I 

CiiXCUmiiD K TElo^o Ox BOLY V.EIOHl' 

Diet No. 
of 
rats 

No, 
of 
feti 

V« t. 
of 

liver 

V/t, of glyco
gen per 100 
Km. of gravid 

V<t. of glyco
gen per 100 
gm. of female 

female minus uterus 

SB' 
Pork I 15 7.9 7.7732 86.25 103.52 

Steenbock V 2E 10.8 7.8080 93.93 120.89 

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 glycogen 

per 100 g^. of gravid feoale 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 COHCMMTRi^IOIi OF LIVER GLYCOOM - SSRIiiS II 

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

meal given to the rats after the 13-hour fast might be 

related to the lov^ 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 instead of the 
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T^LE 15. AJSiMaYSIS OF VAHXAI^CE OF vffilGSiTB Oi X.1Y&R iiKD Gi^YCOGIiN 
IN LIYEES OF PSEGHAriT COXITKOL POHK-FSD RHTS IN TiSiviS OF 

BODY WEIGHT 

Analyses 
made 

Source of 
variation 

Degrees of 
freedom 

Sum of 
sg^uares 

Mean sgtuare F 

Liver 
weights 

Items within 
the groups 

35 18.7836 0,5367 

Betvieen group 
means 

1 0.0110 0.0110 

Total 36 16.7946 

Mg. of 
glycogen per 
100 gm. of 
gravia 
female 

Items within 
the groups 

Between group 
xaeans 

35 

1 

12,615.9074 

523.5481 

345.4960 

523.5481 

Total 36 12,615.9074 1.52 

I<£g. of 
glycogen 
per 100 gm. 
of female 
minus 
uterus 

Items vfithin 
the groups 

Between group 
means 

Total 

35 

1 

36 

18,753.4142 

2,689.5225 

21,442.9367 

535.8118 

2,689.5225 

5.02 
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porJt ra.lxture. These aniiaals were otherv;ise treated 

exactly like the pregnant pork-fed rats of irieries I. 

Data obtained are shorn in Table XVII (Appendix) and the 

means, in Table 6. Results of an analysis of variance 

are presented in Table 15. The variances between the 

weights of glycogen and the percentages of glycogen in 

the two groups were not significant. The quality of the 

test meal, therefore, did not influence glycogen storage 

in the pork-fed rats, and in later discussion, data 

relating to the animals of Series H can be included 

with those obtained from, the pork-fed females of Series 

I. 

The weights of the livers of the rats In Series II 

were significantly higher than those of the corresponding 

group in Series I. No explanation can be offered unless 

the presence of one or tv/o exceptionally heavy livers in 

the smaller group raised the average. :For example, the 

liver of rat number 25848 weighed 10.2755 gm. 

ANALYSIS Hi TSRi^ OF BOTH ii'ETAL jUaID ivIATERl^iL 

LIVltH GLYCOGSN - SaHIlS I iiWU II 

getal Livers 

A study of the deta shows that the quantity of 
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TABLS 16. ANALYSIS OP VARIiU^Cis: OF WEIGHTS OJ LIVSE AND GLYCOGEN 

IN LIVERS OF RMS OF SERIiiS II i^D PREGWAiiT POSK-FED RaTS OF SEHIiS I 

Analyses Source of Degrees of Sum of Mean F 
made yariation freedom squares square 

Llvep Items within 34 22.3457 0.6572 
weights the groups 

Between group 1 8.9780 8.9780 
means 

** 

Total 55 31.3237 13.66 

Absolute Items within 34 85,529.8666 2515.5840 
quantity the groups 

of 
glycogen Between group 1 504.3403 504.3403 

(n>g.) means 

Total 35 86,034.2069 

Relatire 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 



www.manaraa.com

-99 

glycogeu deposited in the aaternal liver was only part of 
the pictura. In pregnancy, the concentration of glycogen 

stored in fetal livers a£i well e.s in maternal should be 

considered, fetal livers \^ere renioved froin part of the 

pregnant control rats of Series I, from two of the pork-

fed pregnant rats of Series I, and froai all of beriee II. 

Since, as has teen fihovaij these tv^o last groups were 

coiiiparable, the feti from Series II xuay be considered as 

typical of pork-fed rats. The livers from each litter 

were pooled, aa has been described, and the glycogen 

determined. The concentration of the gl/cogen in fetal 

livers alone, vdll be discussed first. The analytical 

data, weights of fetal livers, weights of feti, and 

numbers of feti are presented in Tables XVIII and xtz 

(i4)pendix). Ilhe aeans are shown below. 

TiiBLE 17. ATEEAQE CONCEi^liUl'IOii CJ!' LIYiOi GLYCOGM 
IN TEE lETI OF CONTROL MD POSK-fflD HATS 

Diet Ho. 
of 
oases 

No. 
of 
feti 

V/t. of 
feti + 
placen-
tae 

Wt, of 
fetal 
livers 

V;t, of 
glyco
gen 

Per cent 
of glyco
gen 

as* 

Pork I 12 10.2 48.5 1.6505 95.54 5.92 

Steenbook Y 11 11.0 54.2 1.9994 119.18 6.10 

The statistical analyses of the differences observed 
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in liver ufeights, 'A'elghts and perc6:ntages of glycogen are 

reported in Table IG. Ey the F test, the fetal livers 

froa the control anjinals i^eighed significantly saore than 

those from the experimental Enimals. The variance betweea 

total v;ei£ht of fetal glycogen produced by the control 

rats and that produced by the rats fed the pork dist was 

highly significant. The mothers raised on the stock diet, 

therefore, were able to produce luore fetal hepatic 

tissue i;nd thereby store more fatal liver glycogen. 

Since the percentages of glycogen did not vury signifi-

cently it is evident that the greater livor stores in the 

control onioials v/ere due to the greater mass cf liver 

tissue. 

Yory little infor^nation is available on the norxual 

concentration of glycogen in fetal livers. Ueuel ̂  al 

(19S7) found ebout 1 per cent of liver glycogen in the 

'•ne?;est'* feti observed and 6 per cent in new bom rate. 

The latter would correspond closoly to the Si-day old 

feti analyzed in the present study, and the percentage 

oojiposition is very similar. 

Fetal and Maternal Livera 

Maternal aM fetal liver glycogen in the two groups 

of rats have been considered separately. In this 

section, the total amount of glycogen deposited has been 
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TABi£ 18. AKiiLYSIS OF OF WSIGHTS OF LIMm. AM) GLYCOGaN 

IN FSTAL LIVILRS OF CONTROL AJ^iD PORK-im) RATS 

iUialyses 
made 

Source of 
variation 

Degrees of 
freedom 

Sum of 
squares 

Mean 
square 

F 

Liver 
weights 

Items within 
the groups 

£1 2.5857 0.1203 

Between group 
xoeans 

1 0.6986 0.6986 

* 

Total 28 5.81 

Absolute 
quantity 

or 
glycogen 
(mg.) 

Items within 
the groups 

Between group 
means 

21 

1 

4058.9733 

3208.1025 

193.2844 

3208.1025 

** 

Total 22 72 S 7.0758 16.60 

Relative 
quantity 

of 
glycogen 
(per cent) 

Items within 
the groups 

Between group 
means 

Total 

21 

1 

22 

21.9184 

0.1865 

22.1049 

1.0437 

0.1865 
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detemlned coj.culytin^ the oi" iuat'srnal glycogen 

plus fetal tilycovexi in terms cf 100 of ruaternul and 

fiibaJ. liver t;jid i.u ter^.ts of 100 gci. of grt^vlu fer.iale» 

Results iipe sho-.'n in Tables ZX eaicl XXI {^ippendix) and 

means in Table 19, Hesults of the statistical antilysis 

tixe shov.-n in Table 20. 

TivDLli: 19. COICCS^^TRATIOI'I OP 

FLT.'iL GLYCOGrii; IK COrTOIiOL iiiJL PCIIiC-l'ED Ki-TS 

Diet Ko. Wt. of it t, of [Vaaternal luStHrneJL 
of fetel fetal+ +fetal + fetal 
rats + iuater- iaater- glycogen cilycogen 

nal nal gly in terms in terms 
liver cogen of 100 of loo 

gai. of of gravid 
fetal+ r&t 
maternal 
liver 

mg. m.' 

Pork I 12 10.1018 306.60 3060.97 122.68 

Steenbook T 11 10.0553 380.07 3601.33 12S.02 

The variance between the total weights of liver 

tissue produced by the two groups was highly significant 

as was the yarianoe when the weight of glycogen was 

expressed in terms of v/eight of liver tissue. In terms 

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

significant. 
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T^LE 20. ANaLTSIS OF VARlAl\iC£ OF AND i'S.TiiL 

GLYCOGEN Ci' CONTROL POiiK-l.SD RalS 

Analyses Source of Degrees of Sum of Mean F 
made variation freedom squares sauare 

Weight of Items within £1 30,667.90 1,460.38 
maternal the groups 
and fetal 

the groups 

glycogen Between group 1 30,977.61 30,977.61 
(mg.) means 

** 

Total ZZ 61,645.51 21.21 

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 ZZ 7,072,629.12 16.82 

Total Items within 21 4,337.£124 206,5340 
glycogen the groups 
in tems 
of 100 gm. Between group 1 1,353.6568 1,353.6568 
of rat means 
(mg, per * 

100 gm«) Total ZZ 5,690.6702 6.55 
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1 snd Steenbock V Rats Matched as to Hujaber of getl 

Tho mxiHber of feti varied so much, from one female to 

another that it seemed possible that variations in 

maternal glycogen migjat be a reflection of different 

fetal demands. Whether the difference in the quantity of 

liver glycogen laid dovm by the experimental and control 

rats already demonstrated, holds when the two groups were 

matched according to the niombar of feti present, was next 

deterxoined. Hesults are shown in Table XXII (Appendix). 

It will be observed that in every case except one, mater

nal livers of 3teenbock~fed rats contained a higher per

centage of glycogen than did those of the porlc-fed 

auioials with the same number of feti. It is interesting 

that the weights of the feti were not consistently 

higher in the control group. In this group, it may be 

noted also tliat the percentage of fetal glycogen tended 

to increase as the number of feti decreased. But at the 

same time the concentration of maternal glycogen was 

maintained at a more or less constant level. In the 

experimental group neither of these relations was as 

consistent. The lov/est percentage of glycogen was found 

in the animal with the greatest number of feti, but 

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

From all the analyses made in tJae preceding sections 

the data indicate that the pregnant control rats produced 

significantly larger quantities of glycogen under the 

experii.iental conditions imposed then did the pregnant 

rats fed the pork diet. This was true when the data were 

considered in terras of uiaternal livers alone, fetal 

livers alone, or a combination of fetal and maternal 

livers. While total resorptions seetned to reduce the 

average quantity of glycogen stored in the iuaternal 

liver, the differonce demonstrated between control and 

eiperimental rats holds either v/hen the tvjo groups are 

matched as to number of living feti or when they were 

coiapared as to the nuriiber of individual resorptions. 

iiBSORH^IOK OF GLUCOSE - 3SR1SS III IV 

The relative absorption of glucose was studied in 

all groups of rata in Series III and rV by analyses of 

the redacln{^. substances present in the gastrointestinal 

tracts at the tiiae of removal of the liver. The quantity 

of reducing substances normally present in the gastro

intestinal tract of starved rats was first determined by 

analyzing the tracts of virgin and pregnant anixoals from 

the control and pork-fed groups after a 12-hour fast. 
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Results are presented in Tables IXIII and MIV (iippendli). 

liiext, the queintj.ty of reducing sub3td::.ces presont in the 

tracts of the four groups of rats four hours after the 

feeding of glucose, was determined (Tables XXV, JXYl, 

X>LVII, iwppendii). Data from the analyses of the 

ijitestiaal contents of all rats in Series III and IV are 

suiaiaari zed in Table 21. 

In the starved rats, there was no consistent varia

tion in the reducing substances betv/een the virgin and 

the pregnant aniiuala nor between the control and the 

pork-fed groups, virgin or gravid. The values obtained 

in the present study probably represent the average 

aaount of reducing substances normally present in the 

tracts of starved rats, as aay be observed by ooiapering 

the figures with those reported by other investigators 

(Table 22),  
By coiaparing the figures obtained fron the starved 

rats and those fed glucose, it may safely be assumed that 

absorption cf glucose was oomplete after the four-hour 

interval, ^so, the pork-fsd rats e^chibited no abnor-

loality in intestinal absorption. The aniioals killed on 

the twenty-second day of gestation did not dil'fer in 

this respect from those killed on the twenty-first day 

(Table 21). 
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TiiBLS 21. AVERAGE WEIGHT OF RJSDUCIKG SUBST^^CiS 

PS3S2aT Ui m GiiSTixOIUJl'ESTm^ TfuiCTS 0£ R^'ilS IH 

3S3IES III IV 

Diet Repro-
duot iYe 
status 

Post-
starvation 
treatment 

Number 
of 
rats 

Vi't, of reduc
ing substances 
in i^tstroin
testinal traot 

Pork I Virgin iio food 5 11.46 

iregaaiit iio food 5 15* 

i^teenbock 7 Virgin iSo food 5 lc.65 

Pregnant i:jo food 5 11,51 

Pork I Virgin led glucose 3 12.50 

Pregnant jTdu gluoose 8 l£i.48 

Steenbook V Virgin Fed glucose 8 12.71 

Pregnant Fed glucofte 8 10.25 

Pork I 
Series IV 

Pregnant Fed glucose 5 12.29 
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TiiBLE 22. AVSRiiaii. CuKCma'Rid'lOix' Of' ilaiUUClx^G ciUBoTiu^GiiS 

US THi; GisSTROm'ESTINAL T£>i.CX Oi 3T^tVE3J itiiTS 

Ail, PJ2?0IITED BY C^RTAII^ liiiViSlIGATORS 

Investigators Datd Number 
of 
rats 

iiuantity of ra-
daciug substances 
in tiia gastro-
intestin&il tract 

Eemarks 

M* 

Cori 1925 3M IS. 9 

9.0 

12.7 

Fasted 48 
hTS, 

Miller, Lewis 1922 17 8.a - 16.3 

Av. 11.2 

fasted 48 
hrs. 

Farrankop 1941 9.85 - 13.72 

AV. 12.13 

IPasted 13 
brs. 
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RSLATIVL C0i^^C3^nxlK:II0^3 or LIV£R GLYCOGIii^ -

SERIliS III i.WD I? 

Starved Rats 

To determine the effectiveness of the starvation 

period in depleting the stores of glycogen in the liver, 

determinations v/ere raade on starved pregnant and virgin 

animals from both the control and experimental groups, 

Cori (19?5) calls the glycogen present in the livers of 

such animals "preformed glycosen.'* Vveights of rats, 

ages, liver weishts, and antlyticel results are shown in 

Tables XXVIH, UIX, XXX, and JOXI (Appendix), and the 

means are summarized in Table 23, 

In rats fed both d}.©ts, the absolute and relative 

amounts of glycogen were higher in the virgins than in 

the pregnant animals. The livers of the Steenbock-fed 

virgins contained more glycogen than the livers of the 

virgins fed the pork diet in spite of the fact that the 

livers of the first group were the lighter. The 

similarity between the pregnant rats reared on the two 

test diets is remarkably close. However, all the values 

observed were very low and it may be assumed that the 

glycogen in the liver was largely depleted by the 13-hour 

fast. 
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TABLS 23. AVi^FuUiii; COiJG..ijK'ri-uVi'Iv>K OF Gi^YCOGSi^i 

LIVEKS O'JP STARVED liATS 

Diet Reproductive 
status 

dumber 
of 

rata 

Ago Body 
%t. 

\n. of 
liver 

»it* of 
glycogen 
in liver 

Per cent of 
glycogen in 
liver 

days gm. sa* 

Pork I Virgin 5 129.6 177,0 5.2190 7.54 0.14 

Pregnant 5 123.8 251.6 7.6414 2.79 0.04 

Steenbook 7 Virgin 0 150.0 1C7.6 1.69C4 8.97 0.19 

Pregnant 5 136.2 2S6.0 6.51S2 2.87 0.04 
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A nuraber of reports by other investigators on tha 

ooncentration of glycogen in the livers of starved rats 

are compiled in Table 24. The values observed for the 

virgins in the present study correspond with those 

reported by several of the investigations, although the 

starvation period in the present study was only 13 hours 

long. Vi'ith the exception of the figure given by IJutter 

based on a study of three faaiales, none of the percentages 

are as low as those noted in the pregnant females in this 

study. Perhaps fetal demands are responsible for the 

thorough depletion of glycogen stores in the livers of 

pregnant aniiftals. 

Rats Fed Glucose 

Since both the quantity and quality oX the food 

given after the starvation period to rats in Series I and 

II were somewhat variable, a more accurate method of 

feeding was adopted for Series III and IV. Virgin and 

pregnant rats reared on both the control and experimental 

diets were fasted as before, then fed a knovm quantity of 

glucose by laeans of a stomach tube. The v/eigUts, ages, 

liver weights, ana results of the glycogen analyses are 

reported in Tables 3CXXII, mill, 23j£IV, iGOV, and XXXVI 
(Appendix). Mean values are presented in Table 25. 

No difference can be observed in the values for 
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TABLE ii4. COI-iCmCRATlOi^ OF OLYCOOm LIVERS Oi' STiiKYED RiiTS 

FuSPCnTSb BY vyiliious X^Ti^TlGATORS 

Investigatora Pate Niiiiiber 
of 
rats 

Length 
of 

fasting 
Dsriod 

Av, q.uantity of 
liver glycogen 

Reia&rks 

Cori 1926b 7M 

hr. 

46 0,397 per cent 

Bfi^rlaoup, Cli£iikcff, 
Maoleod, Orr 

l'J27 24 
11 

24 
48 

0,16 per cent 
0,52 per cent 

Cori, Cori 1928 4 24 6 rag, per 100 gin, 
of rat 

Cori, Cori 1929 8^ 24 0.10 per cent 

Wllsoa, ijewis li-SO 24 0,21 per cent Values fro>a 0,12 
to O.SS per cent 

Gregfs 19S1 5 48 12.7 iag. per 
100 ;3»a, of rat 

Greisheimer 1931 3M 
9r 

co
co 

0,ol3 per cent 
0,iS7 per cent 

Miller, Lewis 1932 11 24 0,11 per cent 
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TABLS 24 (oont,). CONCElslTRAlIOM Oi' GLYCOGEN IN LIYEKS OF STARVED RAI'S 

AS REPORTED BY Vi»RICUS HJVESTIGATCSiS 

Investigators Date Number 
of 
rats 

Length 
of 

fasting 
period 

Av. quantity of 
liver glycogen 

Remarks 

hr. 

MaoKay, Bergman 1933 3^ 24 0.88 per cent (Previously on 
3M 48 0.29 per cent (high fat diet 
3M 24 0.90 per cent (Previously on 
3M 46 0.45 per cent (high protein diet 
3M 24 1.05 per cent (Previously on 
3^ 48 0.18 per cent (high carbohydrate 0.18 per cent 

(diet 

ioyder, Pierce 1935 im 24 0.061 per cent iixpressed as 61 
fflg. per 100 gm. 
liver 

Blatherwick, 1935 is^ 27 0.555 per cent Expressed as 
Bradshaw, Swing, 14F 27 0.215 per cent glucose 
Larson, Sawyer 

Peuel, Hallman, 1937 151* 48 0.19 per cent 
Murray, Samuels 15M 0.59 per cent 

MaoKay, Carne, iVick 1940 6M 24 0.18 per cent 
ISM 48 0.09 per cent 
12F 48 0.14 per cent 

Nutter 1941 3F 24 0.03 per cent 
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Table 85. aTEEaGS COKCEisTIiATlOi-. OF GLYCOG^" IK 

LIVERS OF M'S ISD GLaCOoE 

Diet Reproduct ive 
status 

Number 
of 

anifioals 

Age Body 
wt. 

vVt. of 
liver 

vft . of 
glycogen 
in liver 

Per cent of 
glycOfKen in 
liver 

days m-

Steenbock V Virgin 3 lbl.9 176.1 5.S7S6 57.41 1.06 

Pregnant a 155.2 Sbl.g 6.7845 4u.26 0.66 

Pork I Virgin 8 142. S 172.£ 5.S408 80.70 1.51 

Pregnant 8 1S2.2 24£.9 7.2914 45.04 0.64 

Pork I 
Series IV 

Pregnant 5 119.£ 244.2 6.9876 5.J.39 0.76 
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TABLE 26. CONCMfmaTION OF GLYCOOeaf IN LIVSES OF RATS FED GLUCOSE 

AS RSPOHTiSD BY OTHSH IigVSSTIGAI'GKS 

Investigators Date ItiuHiber 
or 
rata 

(Quantity of 
glucose ad
ministered 

Absorption 
p eriod 

Concentration 
of liver 
fflvcoffen 

Remarks 

Miller» Lewis 1932 6 
11 

725-890 mg, 
177-266 xag. 

3 
3 

1.97 per cent 
0.63 per cent 

Cori 19S6b 5-6M 1 
2 
3 
4 
5 

0.38 
0.91 
2.66 
3.68 
3.65 

0.183 (xog. 
0.138 (glucose 
0,176 (absorbed 
0,3.76 (per 100 
0,175 (gm, of 

(rat per 
(hr. 

Cori, Cori 19E6a 11 750 mg. 
absorbed 

4 0.118 gm, per 
100 gm. of 
body wt. 

MaoKay, Wiok, 
Caine 

1940 5F 1 oc. per sq.. 
dm. of body 

6 2.00 per cent Glucose solution 
was 1 molar 

Deuel, Hallioan, 
Murray, Samuels 

1937 10 
10 
9 
10 

600 mg, per 
100 gm. body 
wt. 

2 
4 
6 
8 

1.32 per cent 
2.44 per cent 
3.30 per cent 
4.78 per cent 

Additional doses 
of 500 mg. glu
cose per 100 gm. 
of body wt. were 
given on 3rd, 
4tli and 7th 
hrs. 
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TABLE 26 (oont.). GCKCiiiJTRAIION OE GLYCOGSN m LlYhSiS OF RATS PSD GLUCOSE 

AS REFORTSD BY OTHJiR II^^V2S3TIGATO^iS 

Investigators S&te dumber 
of 
rats 

wantit/ of 
glucose ad> 
mliiiaterad 

Absorption 
period 

Concentration 
of liver 
glycogen 

Reaarics 

Peyder, Pierce 1935 29 743-954 mg. 3 1557.0 lag. per 
100 ga. liver 
43.9 gui. per 
100 giu. rat 

An av. of 
152 jcog, was 
unabsorbed 
aftsr 3 hrs. 

Nutter, Murlin 1941 13F 824.9 3 1855.9 mg. per 
100 gm. liver 

lasted, 
fatigued 
before 
feeding 
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glycogen obtained froai the piegnant animals of the tivo 

groups fraa Series III. liowever, the pork-fed auLfials 

froia Series IV that "ivere ifiilad on the tv/eiity-second day 

of pregnar5.cy had a slightly higher than norioal concen

tration of glycogen in the liver. The difference, how

ever, does not f.poear to be t^ij^nificant. 

In both groujps tho virgin anioials hiid si:/it.iler livers 

and a hitJtitr absolute and reletivc (quantity of glycogen, 

thfin did tl\e pregnant anirofils. These relatione did not 

hold in all respects for the observations previously 

reported in Serins I. However, in both series the 

difference between the pereontage of glycogen in the 

pork-fed pregnant animals and the pork-fed virgins was 

greater than the difference between the control pregnant 

rats and control virgins. This discrepancy was not due 

to the post-atai'vat ion diet since it occurred with tho 

glucose as well as with the test diets. 

To sumiarize; there is a greater deposition of 

glycogen in the liver of the virgin rat fed the pork diet 

than in the virgin rat fed the stock diet, and this 

difference is not due to the quality of the post-

starvation food. Ml data reported in the present study 

show that pregnancy is associated with a decreased per

centage composition of liver glycogen. Results of the 

investigations with rats of Series III confirm the 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 citeenbock ration. 

The results obtained in the present series (III and 

lY) were disappointing 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 a factor. Although Cori (1926) states that the 

peak of glycogen formation occurs four hours after 

feeding glucose, it is 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 similar groups of animals and killing 

them at hourly intervals. 

Also, perhaps, the effect of pregnancy should have 

been taken 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. Hov/ever, this amount corresponds with 

that fed by i,diller and Lewis, by Cori, and by Feyder and 

Pierce to non-gravid rats (Table 26). Miler end Lewis 
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observed an average of 1.97 per cent of liver glycogen 

three hours after feeding, and Feyder and Pierce 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 advised that a larger volume of 50 per cent glucose 

be adrainistered, 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 

animal and in technique caused fairly wide variations in 

the weight of glucose actually received by each rat. 

Also, it was possible that variations in absorption 

occurred in individual animals. Therefore, the "index of 

glycogen formation" used by Nutter and -Surlin (1941) was 

adopted and the data for Series III and IT recalculated on 

this basis. The glycogen index may be expressed as the 

ratio: 

glycogen (mg. per 100 «a. of hepatic tissue) 

mg. sugar absorbed per 100 gm. of body wt. 

The analytical data pertaining to the quantity of 

glucose administered to each rat are presented in Tables 
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mvil, XOTIII, xaix, aL, and XLI (appendix), a sur

prising variation occurred in the quantity of glucose 

contained in the washings from the catheter, although the 

e.'Qount of glucose originally contained in the syringe was 

'V&vy uniforui. Probably the depth to VJhich the tube vms 

inserted in the rat, the way in which it was coxapressed 

in the oesophagus, and the convulsive iaoveiuents of the 

animal during feeding resulted in the variations observed. 

The quantity of glucose actually absorbed v.as next 

calculated for each animal by subtracting the average 

content of the starved intestinal tract for the correspond

ing group, from the weight of reducing substance actually 

found in the tract of each aniraal fed glucose. The 

quantities of glucose absorbed by each rat are reported 

in Tables XLII, XLlll, XLIV, XLV, and ZLVI (Appendix). 

It will be noted that in many cases, less reducing 

material was 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 cotaplete in 

all groups. 

The glycogen deposition in terxiis of the glycogen 

index for each animal is shown in Tables iLYII, iLVIII, 

XLIX, L, and LI (Appendix), iieans for glucose adaiinis-
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tored and t^bsorbed, and for the glycogen indicas are 

suiaiiariaed in Tab!a £7. 

TLe glycogen .mcLices also slioY^ thtit preguunoy 

reducss stores of glycogen, Tiiis lyeiM deiaoiit;trate.. 

uo uiffereitce betvi/een the picje^narit expurinientud ixiid 

control rats, probably because the ol e,lycOiisu 

aut^ilysis had beea pasaod. 

The liidex It-i hij^hcsr ia rats sx-uditju oii tjau tvvfciity-

second day of pregnancy becaus^e they actually received 

more glucose per vmit of body weight than dia the rats 

of ths other groups, due to their siii^llsr size. 

ui CiaYOUUxI^ ii^ Y 

An attempt was made to analyze the quantity of 

glycogen stored in livers of rats that v/ere exhibiting 

toxic symptoms. Various difficulties presented them

selves. Sometinaes the animals died before the process 

of analysis could be initiated. Frequently the deaths 

occurred when no one was in the laboratory, i'our animals 

were finally obtained, but since the treatment in respect 

to feeding and the symptoias exhibited varied so much, the 

results cannot be pooled. Therefore, each animal will be 

discussed separately. The weights, ages, liver weights 

and results of glycogen determinations are presented in 
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TABLE 27. ^iBSORFxIOK Oi" GLUCO^]i; h^\L CLYU'JGi^v B-JiCiiS i OR i^'6 

OF SERIi:S III .iND IV 

Diet fieproduotive 
status 

Nuxaber 
ol rets 

V«t, of glu
cose ad
ministered 

Vvt, oi" ^!;l a-
cose 
absorbed 

Por cant 
or 
glucose 
absorbed 

Glycogen 
index 

m.' 

Pork I Virgin 8 810.48 a09.43 99.89 ;^..20 

Pregnant 8 792.73 793.77 100.14 1.97 

Steenbook Y Virgin 8 7e>7.72 767.65 100.02 ii.4l 

Pregnant 8 738.55 739.82 100.18 1.86 

Pork I 
Series IV 

Pregnant 5 778,159 777.89 99. 94 r.43 
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Table XII. 

Ret 267Q1 

This rat v/an reared on Pork I and partially 

nephrectoaized for the purpose oT another study vihen 28 

days old. On tho twenty-necond day of her first 

pregnancy she failed to (?;ive birth to her litter and 

showed bloody urine (one of the symptoias of toxexaia). 

The food was removed in the eveaint; and glucose was 

given at 7 a.m. on the morning of the twenty-third day 

and the liver when reiooved 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 been accidentally removed at the time of the 

nephrectomy. The ohemioal analyses showed that 80.58 mg. 

of reducing material vas present in the intestinal tract 

and that 827.1£ mg. of glucose had been given so that 

746.54 mg. was absorbed. The glycogen content of the 

liver was 0.84. The glycogen index was 1.63. This rat 

showed a definite abnonaality in absorption and although 

the percentage xioncentration of glycogen in the liver was 

higher than the average for porlc-fed pregnant rats, the 

glycogen index was somewhat lower. This was due to the 

fact that the body weight was only 145 gm. 
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There \ms little evidence that the animal described 
was typical of the uniiaals showing acute toxemia, and the 

liver glycogen was apparently noriaal. 

Rat number 27984 

Rat niiiiiber 27984 was reared on x'ork I and showed 

toxic symptoms on the morning of ^he twenty-third day of 

gestation, bhe was lethai-gic, cold to the touch, and 

had pale ears and paws, iin average of 9 gia, of food had 

been consumed on the two preceding days and there was 

food in her cage when she was killod at lU a.m. The 

stomach was full showing that food had been eaten. Upon 

autopsy the liver was only moderately fatty, but the 

kidneys v^ere hemorrhagic and gorged with blood. There 

were seven dead feti, all very pale, iiiio glycogen was 

found in the liver. This animal seemed quite typical of 

the sick rats trnd should have corresponded to the 

pregnant pork-fed animals of Series 1. 

Rat Jiumber 26709 

This rat was reared on Pork I and had also oeen 

partially nephrectoiaised. The litter had not been born 

on the twenty-third day of the first pregnancy, she had 

several shaking spells, and a lump appeared in the region 
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of the incision* She was killed on the afternoon of the 

twenty-third day and the liver analyzed. There was one 

live fetus, one ovary was missing, and the lump was 

connective tissue and fat. There were no symptoms of a 

true toxemia and the liver glycogen, 2.14 per cent, 

corresponded favorably with the results for the pregnant 

pork-fed rats of Series I. 

Rat Number 24599 

This rat was reared on the pork diet supplemented 
with lipocaic for the purposes of another 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 analysis, 

10 dead feti were found upon autopsy, the kidneys were 

hemorrhagic, and the blood watery. JMo glycogen was found 

in the liver. 

Thus, of the few animals studied in Series 7, two 

definitely exhibited toxic symptoms, and these two had no 

detectable amounts of glycogen in the liver. This was 

not due to lack of food, since both had food in the 

stomach. The two partially nephrectomized animals had 

abnormalities due to the results of nephrectomy, and did 
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not show the typical syndrome. 

There is some evidence, then, of derangenisnt of 

carbohydrate laetabolism, in rats exhibiting acute toxic 

symptoms. 
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BUmim ANi) COKCLUSIOKS 

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 eifeot 

of feeding a diet containing pork muscle upon the 

reproductive perforxaance of the albino rat. The eiperi-

mental diet contained dried, canned pork muscle as its 

source of protein. Previous studies have shown gesta

tional failure and the frequent occurence of a so-called 

xtoxemia** of pregnancy in female rats reared upon this 

diet. Histological examinations and oheoiical analyses 

have shown the presence of fatty livers in the pork-fed 

rats. It is believed that a reciprocal relationship 

exists between the amount of fat and glycogen in the 

liver. The present study was undertaken in an effort to 

test the hypothesis that a derangement of carbohydrate 

metabolism may occur in the rats fed the pork diet. 

Animals reared upon the stock ration, a ̂ ole grain -

casein diet designated as Steenbock Y, served as controls* 

The experimental diet was called Pork I. The concentra

tion of glycogen present in maternal and fetal livers was 

used as an index of the status of oarbohydxrate metabolism. 

In the first series of experiments, the content of 
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glycogen in the livers of pregnant control rats v/as 

coiiipared v/itii tliat of virgins of the same age reared on 

the saine diet. Subsei^uent to a 13-hour fast, all the 

anifiials were fed 4 gm. of the diet upon which they had 

been maintained. ^Vhen seven hours had elapsed, thtry were 

stunned by a blow on the head and the livers quickly re

moved for analysis. Pregnant eniiuais were killed on the 

21.5 day of gestation and virgins when they were approxi

mately the saiiie age as the gravid rats. The livers were 

divided into halves, and each half dropped into a tared 

tube of potassium hydroxide. The q,uantity of glycogen 

was determined by the Good-Kramer modification of the 

Ffluger method. The Shaffer-Somogyi procedure for the 

analysis of glucose was used, and the amount of glucose 

present calculated by means of a regression based upon 

analyses of glucose solutions of knovm concentrations. 

Both the absolute and relative amounts of glycogen 

present in the livers of the pregnant control animals 

were significantly 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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pregnant animals (4»Q8 vs. 2,57 per ceat respectively in 

pork-fed rtits aud 3,c3 V3» 15*18 per cent in tlie control 

rats). In the virgins fed the oteenbock diet, tlie abso

lute ainount of glycoseii was 213.1 idg, coiapared ;vith 

E46,B mg. in the livers of the pregnant animals, xU tLe 

pork-fed virgins it v,-a3 231.7 and in tLe pork-fed 

pregnant rats, 193.2 mg. In both groups, the livers of 

virgin aniiaals v/ere lighter than those of the pregnant 

rats and the difference was highly si-jnificant. It 

appears, therefore, that the effect of pregnancy in rats 

is to loH-er the relative amount of Qlycogen present in 

the liver, and that this decrease is greater in the case 

of the animals fed the pork diet than in anioals reared 

on the stock ration. Pregnancy also 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 

resorptions and those with living feti. Coiaparisons were 

made of absolute and relative amounts of glycogen in the 

livers of these two groups to deteuaine whether the 

lowering of glycogen already noted in pork-fed animals 

could be attributed to the froQ^uent ooourrenoe of total 

resorptions. The liver weights of the rats with living 

feti were significantly higher than those with resorptions, 
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ajul the absolute v.-ei.tjht of glycogen present in the liver 

viOB e3.so oi^nificantly Hox^ever, the ayera^e 

relative ooriceiitrfatlon of ^^lycogen in the livers of the 

two groups did not differ si^nifioant.ly. The aver^je 

percentage of livci' {^lycufieii in the rcjiiia&lK v/ith Ij ving 

feti v/«s si^ifictiLitly Itvver than that in the control 

rats, per cent 3.16 per cent. The 

proseuco of totfc.1 resori^tions, therefore, aocounts for 

only a ^lart of the fall in glyco^jea concentration 

observed in the livers of the cxperiiayntal anir.i&ls 

jiSiuintaincd on the pork diet. 

To rule out varititions uue to differences in body 

woight, the weight of glycogon present in the livor of 

each animal was calculated in terms of UiQ. of glycogen 

per 100 gu, of gravid fesiule, uiid in tenas of lag* of 

glycOisiea per 100 ijm, of femule lainus the v/ei^jht of th3 

intact uterus. The average weight of glycogen per 100 

gia. of female (93.9 iiig.) v;as higher in the control group 

than, in the experiaental group (86.2 mg.) but tho 

difference \vas not significant. When the weight of the 

uterus v/as subtracted from the weight of tho gravid 

f«:aal3, the (iuantity of glycogen calculated por 100 gia. 

of rat vfas significantly higher in the control i^xoup than 

in the oxporiiaeatal group (120,9 mg. 103.5 xag.). 
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To test the possibility th&t the quality of the 

post-starvation laec.l vms responsible for tlie ciifferej2,ce 

observed in the content of glycogen in the livers of the 

tvjo groups, a second aeries of animals retired on Fork I 

wfis fed 4 .in, of the Steenbock ration seven hours -oforo 

an3l;^?i? of the liver. The average 'Aei^t cf glycogian 

found Tvas 201,6 mg., ths average percentage of glycogen, 

2.o4. Neither of these values differs aienifica.itly from 

the corresponding volaes for the pregnant pork-fsd rata 

of the first series. The quality of the test .aeal, there

fore, did not influence glycogen storage in the livers of 

the pregnant exoeriiiiental rats. 

Fetal livers vtere reoioved froiii psrt of the pregnant 

rats belonging to the first two series, and deterii^inations 

of glycogen iuada as before. The livers from each litter 

were pooled. The average rsight cf liver glycogen per 

litter froca tbe pork-fed group was 95.5 mg. vjhich was 

significantly lower than the :aean value, 119.2 :a^. froa 

the control group. The relative aniounts of gljcogen in 

the fetal livers from the two groups (6.10 TS. 5.92 per 

cent) did not differ significantly, but the Qveraije 

•weight of fetal livers per litter significantly 

higher in the control rats (1.9994 than in the pork-

fed rats (1.6505 gm.). Thus, it seems that jnothors 

reared on the stock diet were able to produce relatively 
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more fetal hepatic tissue and to store more glycogen in 

the fetal livers than were the axpiirijidiital rats. 

The data coucsrnini^ both materual and fufttil livers 

were next exxiined by oalculat-iri^ tiiei -u^si^ht of aatyraal 

glycoijen plu3 fotdl glycogau in ter^a of 100 of 

matarxioil and fetal liver and ixi terina of 100 of 

gravid faiale. Th-3 coatrol s^cup pioduced a sitjuirioantly 

higher total weight of hepatic oiasae thau did the 

experiiaental anijsials, and also a sij^nifloanaly greater 

uiaooiit of i*lycogea whelher expreaued in cerjis of the 

total v;eight of liver tissue or in bar^is of the w&ii^jht 

of the feiattle. 

To detsriuiae whether the differenoes in ^lyvjogen 

content of the livers of the pregiiant control una pori-

fsd aniiaals noted, were due to the number of foti present, 

females from the tv.o groups "were iiiatcned according to 

nuaibor oi feti, and the relative oonconti-ation of 

glycogen exaxaiued. In almost £.11 cases, the control rat 

contained a higher percentage of iiiaterual liver gl^^cogen 

liiou. did the pork-fed rat v^ith the correspondinij nuitbar 

of feti. In the control group the peroentige of fotal 

glycogen increased as the nuiaber of feti decreased, but 

the concentration of maternal glycogen regained fairly 

consistent. The evidence accuijiiluted iii this series, 
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therefore, seems consistent when examined from all view

points, and points to the conclusion that production of 

glycogen is definitely decreased in pregnancy by feeding 

the diet containing pork muscle. 

In the third and fourth series of animals studied, 

the relative absorption of glucose was investigated by 

determining the aiuount of reducing material present in 

the gastrointestinal tracts of control and experimental 

rats, both virgin and pregnant. First, tracts were 

analyzed from the four groups immediately after a star

vation period to discover the quantities of reducing 

substances normally present. At the same time deter

minations of glycogen in the liver were made. Mien the 

liver was removed, the gastrointestinal tracts were 

ligated at the ileo-cecal and cardiac junctions, removed, 

split, and the contents washed into a volumetric flask. 

After appropriate dilution, glucose was determined again, 

using the Shaffer-Somogyi procedure. There was no con

sistent variation in the contents of the tracts 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 investigators. 

Next, the quantities of reducing substances present 
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in thti tracts oT siirdlar groups of rats v.liicli had been 

starved for 15 houra and killed four hours after the 

administration of 2.5 co« of 50 per cent glucose by 

stoiaach tube, were detenuined. ^^gain, there was no con

sistent variation between virtiin auti pregnant rats nor 

between the experiiaental and control aniiflals. The 

values obtained were very sixailar to those obtained froia 

analyiies of the tracts of the starved anLiiala. It was 

concluded that absorption of glauoaw v.'as complete after 

four hours and that tiiere was no abnorAu.ality in 

intestinal absorption in the pork-fed rats. 

Xhe effectiveness of the starvation pei-iod in 

depleting the store of liver (>lyoo^en was deteraiined by 

analyzing the liver fro^a starved prejjnant and virgin 

animals previously fed the control and ©xperiiiiental 

diets. The analytical iaathods auiployed in the first two 

series of eiperiiaents were again used. The absolute and 

relative amounts of glycogen in the liver of the starved 

virgins were higher than those of the starved pregnant 

animals, presumably because fetal requireiuents deplete 

xaaternal stores. The percentage composition of glycogen 

was 0.04 in the livers of pregnant animals from both 

groups, 0.14 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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tiie livers were largely depleted during the 13-Jiour 

starvation period. 

To rule out soae 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 aniiaals of the third series were fed a 

specified quantity of glucose. Subsequent to the l3-hQur 

fast, pregnant and virgin rats, reared on both the stock 

and experimental diets, were given 2.5 cc. of a 50 per 

cent glucose solution by means of a fine catheter inserted 

into the stomach. The sugar solution was delivered from a 

syringe attached to the catheter. The actual amount of 

glucose administered was detervained by making analyses of 

a similar volume delivered into a volumetric flask, iifter 

a four-hour interval the animals were stunned, the livers 

removed, and glycogen determined. 

Ho difference oould be observed in the absolute and 

relative amount of glycogen found in the livers of the 

pregnant controls (45.3 mg. Euad 0.66 per cent) and in the 

livers of the pregnant experimental rats (46.6 mg. and 

0.64 per cent). In both groups, the livers of the virgins 

were lighter than those of the pregnant animals, and con

tained a higher absolute and relative quantity of glycogen. 

The livers of the pork-fed virgins contained an average 
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of 80.7 jug. of glycogen and an average percentage 

corapositlon 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 reared on the pork diet than in 

those of the virgin rats reared on the stock diet, 

ji^ain, it may be concluded that pregnancy is associated 

with a decreased percentage of liver glycogen. Also, in 

the pork-fed rats there was a greater difference between 

the level of glycogen stored in. the livers of virgin and 

pregnant animals than there was in the Steonbock-fed 

animals. This difference is not attributable to the 

quality or quantity of the test neal. 

The amount of glucose which was not absorbed by the 

rats of each group was calculated by subtracting the 

v;eight of reducing material normally present in the 

gastrointestinal tract of the corresponding group, from 

the amount actually found at the tiine of the liver 

analysis. This value v;as subtracted from the weight of 

glucose administered, and the per cent of glucose v;hich 

was absorbed, calculated. The pregnant control rats 

absorbed an average of 100.18 per cent; the virgin 

control rats 100.02 per cent; the pork-fed pregnant 

animals, 100,14 per cent; and the pork-fed virgins, 

99.89 per cent. It was again concluded that absorption 



www.manaraa.com

-157 

was ooiaplste aftar the four-hour interval, 

A glycogen index was calculated for each rat in the 

third series by using the formula; 

glycogen (m^.. per lOQ m» 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. lio significant 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 quickly when 

pregnancy disease develops. 

The results of the determinations for the third and 

fourth series yielded little information as to the 

status of carbohydrate metabolism in the pregnant pork-

fed animals because the values obtained for glycogen so 

nearly approached the starvation level. In any further 

investigation of this problem, it is recomiaended that 

larger quantities of glucose be administered and that the 
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absorptlon period be aiiortidaeu, espeoiali/ ixi v/orklng 

witli pregnant anixoals. 

The tv^o aniiuals of the lifth series that exnltited 

typical «to3cle" symptoios sncwed no liver glycogen. It is 

believed that the derangement ot carbohydrate iuetabolisia 

noted in all pregnant rats reared on the pork diet on 

the fc\i(enty-first day of pregnancy becomes acute whenever 

an eclamptic condition develops. 
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i\PP£l€)IX 

PRIPAR^TIOK km oTA^'D/vHDIZATION 0! R£AGiu\'TS 

COg-free Water 

All solutloas were raade with COg-free water freshly 

prepared by boiling distilled water vigorously in a 

balloon flask for at least one-half hour. It was 

li(?htly stoppered, cooled, then stoppered tightly. 

Approximately IN 

98 gm. or about 28 oc. of C.?. concentrutad ii^SO^ 

(sp. g. 1.84) v/as dissolTod in distilled water aud made 

up to 1 1, The nornislity waa tasted by titratin^j against 

standardized NaOH using methyl red as en indicator. It 

was never necessary to redilute th'3 solution. 

Some typical titrations are shov«i below; 

TmE I. STANDARDIZATION OF /iPPRO/ODnATJlLY IN HgS04 

Solution cc.  CO. .994SN Normality 
tested HSSC^A NaOH of HsS04 

I 10 10.05 0.9992 
10 10.06 

II 10 10.09 1.0056 
10 10.10 

II 15 15.12 1.0028 
lb 15.12 
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Sodlvua Hydroxide. Approxiiaately IN 

A stock solution of saturated NaOH was aade aooord-

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

high quality NaOH was shaken with 100 oc. of distilled 

water and allowed to stand covered until the NagCOg set

tled leaving a clear solution. Hawk and Bergeim indicate 

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

per 100 00. A solution about 1.5N was ioade by diluting 

the saturated solution and titrating against carefully 

weighed portions of EHCgH^O^ with phenolphthalein as the 

indicator. The exact nor&iality was calculated and the 

solution rediluted to make it IN. It was again standard

ized by titrating against weighed portions of KHCgH^O^. 

Some sample titrations are shown in Table II. 

TABLE II. STAi^iDABDIZATION 01 NaOH 
Solution Wt. of Quantity of Concent rat ion Normality 
tested KHCaH404 Na£lH of of KHCaH404 

involved in 
titration 

NaOH NaOH 

oc. Pdr Cfl. 
I • 3898 iTtl .06304 1.576 

.5093 1.54 .06481 1.620 

.5776 1.78 .06359 1.589 
AV. 1.595 

II .5494 2.70 .03987 .9967 
.6025 2.96 .03989 .9972 
.5153 2.54 .03976 .9940 

Av. .9959 

1. Hawk, P« B., and Bergeim, Olaf. 
1937. Practical physiological chemistry, F, Blakiston's 

Son and Go., Inc., Philadelphia, ed. 11, p. 931. 
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30 Per Cent KOH 

530 gm. of KOH was dissolved in 500 cc. of distilled 

water and heated. A 3 per cent Ba(0H}2 solution was 

added until no more BaCOg 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 COg-free water and titrated against 

standardized HCl. The concentration was then calculated 

and a 30 per cent solution made by diluting the concen

trated KOH. 

Starch Indicator 

B gn. of soluble starch (Merck's Lintner) cind 10 mg, 

of Hgig were triturated with a little water and the sus

pension added slowly to 1 1. of boiling water. The 

boiling was continued until the solution was clear. It 

was cooled, transferred to a glass stoppered bottle and 

stored in the refrigerator. This procedure was found 

superior to the method recomended by Hawk and Bergeim.^ 

Phenol Red 

.04 gia. of phenol red was dissolved in 100 cc. of 

!• Hawk, P. B«, and Bergeim, Olaf. 
1937. Practical physiological chemistry, P. Blakiston* 

Son and Co., Inc., Philadelphia, ed. 11, p. 938. 
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distilled water* The solution was filtered and stored in 

the refrigerator to prevent the growth of mold. 

Potassiufii Iodide and Potassium Oxalate 
tmmmmmm wMMMnwHawaMWHwaw 

A 2.5 per cent solution of KI was prepared by-

weighing 2.5 gm. of crystalline KI on the torsion balance, 

dissolving in a little distilled water in a 100 cc. 

Toluxaetrlc flask, diluting to the mark and mixing. 

The solution containing 2.5 per cent each of EI and 

KgCgP4 was made in similar manner. This solution was 

stored in a brown bottle and kept for about a week. 

Co pperolodoiaetri c Reagent 50 

The copper-iodometric reagent was made up aocording 

to directions given by Shaffer and Somogyi (1935). 

per 1. 
NagCO-g (anhydrous) 25.0 

NaHCOg 20.0 

Roohelle salt 25.0 

CuS04*5E20 7.5 

0.1^ as to Ijgt cc. ... 200.0 

KI 1.0 

To retain all COg, the solution was made up as fol 

lows: The i'iagCOg and Hochelle salt were dissolved in 

about 500 cc. of distilled water. The CuSO^ solution 
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{75 C O . ,  10 par cent) v/&s aidded by pipette extending well 

below the surface of the iiq.uid, the solution being 

stirred. The dry KaECOr^ was next addeti. The solution 
o 

was stirred to dissolve the bioarbonate. Then the KI was 

introduced. The solution v.-as rinsed into a liter volu

metric flask, the KlOg added, end the Vi/hole diluted to 

the mark and luixed. The solution was filtered through 

washed filter paper and stored in a brown Pyrex bottle. 

The reagent was made up in quantities to last at 

least a year. Shaffer and Soaiogyi (1953) claim that the 

solutions reifiain unchanged for a year or more if kept in 

stoppered bottles protected frou the light. 

Standard lodate Solutions 

Solution A 

3.567 gm. of pure KlOg was dissolved in 1 1. Viflien 

treated with an excess of KI and H2SO4, this solution was 

O.lN with respect to Ig. The solution was used to 

standardize the O.lli Na^SgOg and was also used as a con

stituent of the copper reagent. 

Solution B 

A KIO3 solution equivalent to O.OIW Ig was prepared 

when needed, by dilution of Solution A. Usually 10 cc. 
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of Solution A was raeesured accurately into a 100 cc. 

volumetric flask, diluted to the mark and mixed. This 

solution was used for the standardization of the ,005N 

NagSgOg. 

An approximately O.IW stock solution was prepared 

by dissolving 24.83 gra. of Na^SgOg per 1. About 10 co, 

of O.IN NaOH was added to increase its stebility. The 

O.lN stock solution of thiosulfate was standardized once 

or twice a year by titration with the ,11^ KlOg solution. 

About 50 CO. of v»ater was added to 25 cc. of O.IH 
o 

1 gm. of id (iodate-free and weighed on a torsion 

balance), and 5 co. of IH EgSO^.. NagSg04 was added from 

a 50 cc. burette (B.o.) until the solution beoame straw 

colored. One cc. of the starch indicator was added and 

the titration continued until the blue color of the 

starch and iodine just disappeared. 

Some typical standardizations are shown in Table 

III. The stability of O.lK KagSgOg is shown by Table IV. 

From the normality factor of the O.IK NagSgOg solu

tion the amount required to give 1 1. of .005K solution 

was calculated. This solution was prepared about once a 

week since Shaffer and Somogyi (1933) state that this 
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TABLIfi III. STAWDAKDIZATION 01 -APPROXIk/iTELT 
0 • IN N&gSgO'g 

NagSgOg 
solution 
tested 

KIOs 
solution 
uaed 

Koriflality 
of iCEOg 

KagSgOg 
used 

formality 
of iJagSgOg 

ec. 

1 1 0.1000 24.91 
24.94 

0.10032 

1 z 0.1000 24.95 
24.90 

0.10032 

1 3 0.9920 24.61 
24.62 

0.10073 

iiV. 0.10045 

z 1 0.1000 24.78 
24.81 

0.10082 

2 2 0.1000 24.78 
24.76 

0.10082 

£ 3 0.1000 24.80 
24.80 

0.10080 

AV, 0.10083 

S 1 0.1000 24.60 
24.58 

0.10162 

4 1 0.1000 24.78 
24.75 

0.10097 

5 1 0.1000 24.91 
24.90 

0.10040 



www.manaraa.com

-153-

TiiBI^E IV. 4)i-

o.ioosaif I^££i>2^5 SOLUTION 2 

m*ER AN IKTKIiVAL OF TWO iJOljlHS 

KlOg 
solution 
us«d 

formality 
of KlOg 

NagSgOj 
uuod 

Normality 
of 

1 0.1000 

PC, 

24.77 
24.75 

0.10097 

2 0.1000 24.70 
24.78 

0.10105 

3 0.1000 24.78 
24.80 

0.10085 

Av. C.1009S 
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solution v.hen aliialine retains its titer for some days. 

The dilute solution was standai^ized by titrating with 

• OlN £1010 CO. of the .OlN w&s measured into a 

flask Mvith 1 co. of iJ H2SO4 and Z 00. of 2.5 per cent KI 
and titrated with the appraxiaiately .005]!i thiosulfato 

from a 50 cc. burette (B.3.) using starch as an indicator 

as before. 

Sosae standardizations are shorn in Table Y. 
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TABLE V. STiil^DivRDISATION OF iiPPROXIliiiTELT 
«005N 

NagSg^s 
solution 
tested 

KIO3 
solution 
used 

Nonaality 
of KlOg used 

normality 
of ̂ a^&gOg 

co. 

1 1 .0100 18.34 
18.32 

.005455 

1 2 .0992 18.00 
18.05 

.005505 

Av. .005485 

2 1 .0100 19.66 
19.62 

.005092 

2 2 .0100 19.50 
19.50 

.005128 

2 3 .0992 19.47 
19.40 

.005144 

At, .005121 

3 1 .0100 19.79 
19.84 

.005045 

3 2 .0100 19.90 
19.84 

.005033 

3 3 .0100 19.82 
19.90 

.005035 

AY. .005023 

4 1 .0100 19.50 
19.42 

.005139 

4 2 .0100 19.48 
19.57 

.005123 

4 3 .0100 19.52 
19.51 

.005123 

Ay. .005128 
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TABLE VI. I1®IVIDUAL MJMBERS 01 Ri^S USED IN 
EIPERIi^ENTAL AM) CONTROL GROUPS Of 

SEillES I AND SSRIES II 

Series I Series II 

Steenbock 7 Pork I Pork I 

Pregnant Virgin Pregnant Virgin Pregnant 

SldlO 25533 21813 27756 25387 
22524 25424 21909 27804 25421 
21910 25758 21825 27918 25529 
22574 27755 21826 28050 25644 
23388 27919 22240 28106 25754 
22615 28051 22238 28237 25796 
22576 28107 22239 28322 25848 
22523 28238 22160 28335 25917 
21970 22164 26115 
21893 21773 26208 
22039 21812 
21985 21982 
21996 21892 
24364 21971 
24419 22241 
24494 24051 
24558 24625 
24631 24652 
24436 24672 
24653 24685 
24623 24632 
24531 23934 
24686 24729 

24607 
24660 
24085 

Total 23 8 26 8 10 
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TiiBLE VII. INDIVIDUAL NIMBSRS OF EiiTS U3SD IM }iiPIiJaid£KT^ idSiD COiiTEOL GROUPS 
OF SERIES III, SERIES IV AM) SiilliS V 

Series III Series IV Series Y 

Starved groups Glucose-fed groups Gluco se-
fed Sick 

Steentook T Pork I Steenbook V Pork I Pork I Pork I 

Pregnant Virgin Pregnant Virgin Pregnant Virgin Pregnant Virgin Pregnant Pregnant 

25416 

25646 

25967 

25851 

25799 

25417 

25648 

25968 

25852 

25800 

25388 

25420 

25550 

25645 

25755 

25289 

25422 

25551 

25647 

25756 

25920 

26080 

26199 

26270 

26276 

27927 

28115 

28291 

25921 

26081 

26200 

26271 

27929 

28336 

28117 

28293 

25849 

25918 

25797 

26116 

26209 

28290 

28114 

28489 

25850 

25919 

25798 

26117 

26210 

28292 

28116 

27928 

28412 

28575 

28798 

28788 

28893 

28701 

27984 

28709 

24399 

Total 5 5 5 5 8 8 8 8 5 4 
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TiUBLE VIII. STAiv'JDiiEEIZiiTIOw Oi' COPPEil Kii-UJiiliT m. 1 

Gluoo ae 
solution 
tested 

Glucose 
per 
liter 

Glucose 
per 
5 cc. 

.005N 
Ka2S2©3 
used 

Glucose 
solution 
tested 

Glucose 
per 
liter 

Glucose 
per 
5 cc. 

. 005M 
Na2SgC£. 
used 

iQg. CO. iSS.' cc. 

1 0*1608 0.8040 7.26 8 0.2422 1.2110 11.09 
7.31 11.06 

S 0.2017 1.0065 9.06 10.27 
9.12 10.30 
8.33 9 0.2828 1.4140 12.31 
9.06 13.01 
8.69 13.00 

3 0.S429 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 1.50S0 15.64 11 0.1596 0.7980 7.25 
13.60 7.21 
13.90 12 0.2038 1.0190 9.20 

6 0.1597 
13.95 9.17 

6 0.1597 0.7985 6.71 13 0.2420 1.2130 10.66 
6.74 10.65 
6.76 14 0.2826 1.4130 12.82 
6.50 12.81 
6.18 15 0.2016 1.5080 13.68 

7 0.2023 1.0115 8.41 16 0.2426 0.7278* 6.10 
8.38 6.00 
8.53 5.99 
8.57 17 0.3006 0.9018* 8.08 

7.95 

* 3 CO. allquots. 
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TABLE IX. STiiNi:'AHPI2A.1I0N 01 COPPER Hi^Gia^TS 

m, 3 .a^fD 4. 

Oluoose 
solution 
tested 

Glucose 
per 
liter 

Glucose 
per 
5 CO. 

.005N 
NagS^g 
used for re
agent no. 3 

.005 N 
KagGgOg 
used for re-
afcent no. 4 

jg^ mg. 
•MMmm 

CO. CO. 

1 0.S402 1.20 10.49 10.69 

2 0.2868 1.43 12.78 12.83 

3 0.1756 0.83 7.49 7.73 

4 0.2067 1.03 9.11 9.18 
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TABLS X. CONCENTRATION 01' LIVICR GLYGOGElv IN PH5GN>iNTC CONTROL RATS OF SERIES X 

Number 
of rat 

Wt, 
Of 
rat 

Age 
of 
rat 

¥.'t. of 
intact 
uterus 

Wt. of 
feti + 
plaoen-
taft 

Wt. of 
liver 
sample 

Total 
wt. of 
liver 

Wt, of 
glycogen 
in liver 
sample 

Per cent 
glyc ogen 
in liver 
saoiple 

V<t. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

&E' days fiS- SB' M* 

21810 245 1S5 53.8 46.1 4.2209 
3.1242 

7.3451 132.82 
118.30 

3.15 
3.79 

251.12 3.42 

£25£4 264 141 68.0 66.2 4.3392 
3.6o3& 

7.9927 150.30 
135.60 

3.46 
3.71 

285.90 3.58 

21910 230 142 44.5 39.0 3.8410 
3.2356 

7.0766 142.03 
122.45 

3.70 
3.78 

264.48 3.74 

22574 248 136 48.0 40.8 4.3519 
3.8175 

8.1694 108.29 
111.96 

2.49 
2.93 

220.25 2.70 

23568 286 205 68.0 52.0 3.7270 
4.6714 

8.3984 131.36 
155.92 

3.52 
3.34 

287.28 3.42 

22615 225 131 53.5 46.5 3.3354 
3.4629 

6.7983 113.25 
80.79 

3.40 
2.33 

194.04 2.86 

22576 244 129 52.7 47.7 3.7274 
3.8767 

7.6041 145.62 
149.85 

3.91 
3.86 

295.47 3.88 

22523 248 149 55.5 49.0 3.2655 
3.7351 

6.9986 ll8,67 
151.27 

3.64 
3.51 

249.94 3.57 

21970 278 150 63.0 57.0 3.8604 
4.3101 

8.1705 109.66 
113.81' 

2.84 
2.64 

223.47 2.74 



www.manaraa.com

TABLE X (cont.). CONCEl^?r^LAIIOi^i OF LIVER GLTCOGSlSi IN pmSGHAITr CCNTROL Rria:S 
OF SmiKi I 

Kuiaber 
of rat 

Wt. 
of 
rat 

of 
rat 

Wt. of 
intact 
uterus 

V/t. of 
feti + 
pl&cen-
tae 

Wt. of 
liver 
sample 

Total 
wt. of 
liver 

Wt. of 
glycogen 
in liver 
aarnpl a 

Per cent 
glycogen 
in liver 
saraplfl 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

m' gays m* SB' gm» ss* mg. 

21693 226 132 50.2 45.2 3.2368 
3.5485 

6.7853 57.25 
116.80 

1.78* 
3.29 

223.25 3.29 

28059 249 114 56.3 52.7 3.5257 
3.5022 

7.0279 85.02 
86.22 

2.41 
2.46 

171.24 2.44 

21985 290 162 68.0 61.5 3.8949 
3.9716 

7.8665 93.66 
93.11 

2.40 
2.34 

186.77 2.37 

21996 265 156 56.5 51.5 4.0122 
S.6373 

7.6495 104.97 
99.00 

2.62 
2.72 

203.97 2.67 

24364 263 147 66.0 59.6 4.5447 
4c6208 

9.1655 156.93 
159.31 

3.45 
3.45 

316.24 3.45 

24419 248 146 — — 3.2763 
3.5471 

6.8234 103.96 
136.39 

3.17 
3.84 

240.35 3.52 

24494 272 146 50.0 45.5 3.9263 
4.5502 

8.4765 138.82 
152.70 

3.54 
3.36 

291.52 3.44 

24556 292 144 74.5 67.5 3.7844 
5.3732 

9.1576 122.99 
152.06 

3.25 
2.83 

275.05 3.00 

* Omitted from average. Total wt. of glycogen estimated. 
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TABLE 2 (cont.). CONCEKTRiiTIOW Oi LIV£R OLyCOGEN III PHEGKANT GOi'«:ROL RATS 
OF SSRISS I 

Number 
of rat 

Wt. 
Of 
rat 

of 
rat 

Wt. of 
intact 
uterus 

Vift. of 
feti + 
placen
tae 

Wt. of 
liver 
sample 

Total 
Wt. of 
liver 

P/t. of 
glycogen 
in liver 
saaiple 

Per cent 
glycogen 
in liver 
saiji^le 

Vjt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

aays ££• m' m- mg. 

24631 271 139 74.6 68.6 4.1194 7.7535 133.21 3.23 252.99 3.26 
3.6341 119.78 3.30 

£4436 280 168 64.0 56.7 3.5333 7.6601 110.03 3.11 236.44 3.09 
4.1268 126.41 3.06 

24653 285 141 63.3 55.8 3.5859 8.1014 87.96 2.45 189.44 2.34 
4.5156 101.48 2.45 

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 275 168 63.0 55*5 3.9888 8.7062 140.47 3.52 297.40 3.42 
4.7174 156.9S 3.33 

24686 248 155 41.5 37.0 2.8910 6.3435 103,04 .^.56 249.49 3.93 
3.4525 146.45 4.24 

Total 

AV. 

5018 

261.7 

3380 

146. 
• 

9 

178.0988 

7.7434 

5639.60 

245.20 

73.04 

3.18 
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TABLS 21. CONCEKTRhTION OF LIVES GLYCOGEN IN VIRGIN CONTROL R^iTS 
0? SSRI£S I 

Nuiuber 
of rat 

Wt. 
of 
rat 

iige 
of 
rat 

Wt. of 
liver 
saaple 

Total 
wt. of 
lirer 

Wt. Of 
elyoogen 
in liver 
sample 

Per cent 
glyoogen 
in liver 
sample 

%t. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

daya 

25533 177 134 2.6455 5.9198 93.88 3.55 205.72 3.48 
3.2733 111.87 3.42 

25424 198 171 3.0503 6.U3C 96.06 3.15 190.46 3.12 
3.0627 94.40 3.08 

25758 180 133 5.6965 6.4241 121.34 3.28 220.70 3.43 
2.7276 99.36 3.64 

27755 133 161 2,3366 4.9435 100.28 4.29 212.15 4.29 
2.6069 111.87 4.29 

27919 154 158 2.9(^14 5.6095 109.12 3.68 209.87 3.74 
2,6461 100.75 3.80 

28051 191 150 3.1432 5,9930 96.70 3.08 188.43 3,14 
2.8498 91.73 3.22 

28107 184 143 2.9543 6.1125 113.53 3.84 237.54 3.89 
3.1577 124.01 3,93 

28238 184 146 5.5379 6.7701 123.55 3.49 240.02 3.54 
3.2322 116.47 3.60 

Total 

AV« 

1431 

178.8 

1196 

149.50 

47.8855 

5.9856 

1704.89 

213.11 

28.63 

3.58 
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TABLS XII. COKCM?Ri;TIOH 01 LIVER GLYCOGSK IN PRSGNiU^T POHK-FED RiiTS 
OF SiiRiaS I 

Niaiaber 
of rat 

Wt. 
of 
rat 

iige 
of 
rat 

Wt. of 
Intact 
uterus 

Wt. of 
f eti + 
plaoan-
tfifl 

of 
liver 
sample 

Total 
wt. of 
liver 

V/t. of 
glycogen 
in liver 
sample 

Per cent 
fSlyoogen 
in liver 
aatnplft 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

gm. days 
mmmmrnmm fiS- SB- sa* 

21813 236 126 25.6 4.2374 
4.4563 

8.6937 113.72 
118.44 

2.68 
2.66 

232.16 2.67 

21909 250 111 — — 3.4784 
4.3659 

7.8442 82.08 
98. 45 

2.38 
2 . 2o 

180.52 2.30 

21826 260 127 42.0 55. 0 4.0665 
4.1959 

8.26E4 91.18 
87.60 

£.24 
2.09 

178.78 2.16 

21826 266 144 48.1 42.8 4.S304 
4.1399 

8.4702 140.56 
138.54 

3.24 
3.35 

279.10 3.30 

22240 236 141 26.5 20,0 3.8532 
3.8001 

7.6533 113.81 
113.98 

2 . 9o 
3.00 

227.79 2.98 

22238 265 115 56.5 49.5 4.0174 
4.1431 

8.1605 127.42 
126.31 

3.17 
3.05 

255.73 3.11 

22239 240 112 45.6 39.3 3.4639 
4.4459 

7.9098 ll4.17 
132.93 

3.30 
2.99 

247.10 3.12 

22160 232 114 54.0 47.5 4.2164 
2.9935 

7.2099 120.43 
93.02 

2.86 
3.11 

213.45 2.96 

22164 249 125 59.0 52.0 3.8420 
3.9144 

7.7564 63.87 
64.51 

1.66 
1.65 

128.38 1.66 



www.manaraa.com

TABLE XII (cont.). CONCEliTRATION OF LIVSH GLYCOGEK' IN PRmNAMT PORK-FSD RaTS 
Of SmUES I 

Number 
or rat 

Wt. 
Of 
rat 

Ago 
of 
rat 

Wt. of 
intact 
uterus 

;vt. of 
f oti + 
plaoan-
tae 

Wt. of 
liver 
sample 

Total 
wt. of 
liver 

Wt. of 
glycogen 
ia liver 
s^mp1a 

Per cent 
glycogen 
in liver 
saranlft 

v;t. of 
glycogen 
iu livar 

Per cent 
glycogen 
in liver 

M* gays gm. m£. SE-
ZlllZ 250 149 40.8 34.2 3.6757 

3.7016 
7.3773 58. 63 

75.55 
1.60* 
2.04 

150.50 2.04 

21812 248 158 39.3 34. 2 3.9564 
2.7728 

7.7292 108.75 
105.07 

2.75 
2.78 

213.82 2.77 

21982 242 121 10.7 — 3.1518 
4.0010 

7.1528 61.75 
75.09 

1.95 
1.88 

136.66 1.91 

21692 204 170 25.0 21.3 3.3110 
2.9688 

6.2998 136.79 
120.97 

4.13 
4.05 

257.76 4.09 

21971 300 152 58.5 49.5 4.1213 
4.7538 

8.8751 84.84 
91.74 

2.06 
1.93 

176.58 1.99 

22241 207 126 — — 4.0674 
3.9262 

7.9936 98.63 
128.06 

2.42 
3.2b 

226.69 2.84 

24051 240 135 — — 4.5566 
4.2923 

6.8469 73.53 
78.48 

1.61 
1.83 

152.01 1.72 

24625 186 126 — — 3,4668 
2.5867 

6.0535 74.44 
56.97 

2.15 
2.20 

151.41 2.17 

24652 258 122 50.0 45.5 4.1814 
3.2179 

7.3993 139.92 
113.53 

3.35 
3.53 

253.45 3.42 
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TiiBLS XII (cont.). CONCENTRA.TION OS" LIVER GLYCOGSI^ IM PRSGIiai^r PORK-i'£D RaTS 
OF SiiUiS I 

Numbei 
of rat 

Wt. 
Of 
rat 

Age 
of 
rat 

n. of 
intact 
iterus 

Wt. of 
f eti + 
piecen-
t&Q 

Wt. of 
liver 
3 ample 

Total 
wt. of 
liver 

V/t. of 
glycogen 
in liver 
eaifiDle 

Per cent 
glycogen 
in liver 
BtUUDle 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

«ia. gays ££1. m- £2* m-
S467S 255 123 40.0 34.0 3;8608 

3.7876 
7.6484 111.58 

113.72 
2.89 
3.00 

220.40 2.95 

24685 217 126 — — 2.6387 
3.5579 

6.2266 57.34 
71.96 

2.17 
2.00 

129.30 2.08 

2463a 214 126 — — 3.3617 
3.2614 

6.62:il 86.03 
85.48 

2.56 
2.62 

171.51 2.59 

23934 226 222 — — 3.7206 
3.2383 

6.9589 71.14 
64.33 

1.91 
1.99 

135.47 1.95 

24729 205 120 — • 
Mr 2.6524 

3.6434 
6.4758 95.02 

110.03 
5.26 
3.02 

205.05 3.14 

24607 221 153 — 4.3126 
3.5975 

7.9101 113.07 
102.13 

2.62 
2.64 

2lo.20 2.72 

24660 203 163 — 2.0132 
3.6759 

6.6891 46.06 
34.72 

1.60 
0.94 

62.78 1.24 

24056 240 5.5300 
3.8110 

7.3410 108.20 
113.53 

3.06 
2.98 

221.73 5. 02 

Total 5900 3707 195.5631 5024.33 66.90 

AV. 236.0 142. e 7.5216 193.24 2.57 

* Boiled over during analysis. Omitted froci average. Total wt. of glycogen 
estimated. 
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TABLE 2III. CONCENTRATION OF LIV£fi GLYCOGEN VIRGIH* PORK-FSOJ R^TS 
OF SERI^ I 

Nuaiter 
of rat 

Wt. 
of 
pat 

Age 
of 
rat 

Wt. of 
liver 
sample 

Total 
wt. of 
liver 

Wt. of 
glycogen 
in liver 
sample 

Per cent 
glycogen 
in liver 
sairiple 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

d&ys £U. S£* 

27756 177 161 2.6661 
£.7562 

5.4223 88.33 
95.32 

rz rzi xj 
3.46 

185.65 3.3i' 

27604 146 171 2.0707 
1.6153 

3.6660 66.86 
85.46 

4.19 
4.71 

178.34 4.43 

27918 178 161 2.8958 
3.2497 

6.1455 121.16 
138.26 

4.18 
4.25 

259.42 4.22 

28050 174 150 2.4580 
3.1684 

5.6464 106.08 
127.51 

4.32 
4.00 

233.59 4.14 

28106 173 143 3.0888 
2.9679 

6.0567 137.44 
135.14 

4.45 
4.55 

272.58 4. 50 

282S7 175 146 3.3446 
3.1854 

6.5300 120.76 
116.65 

2.61 
3.66 

237.41 3.64 

28322 172 143 2.5610 
2.3896 

4. 9506 110.59 
99.55 

4.32 
4.16 

210.14 4.24 

23335 195 142 3.3868 
3.5723 

6.9611 145.44 
139.00 

4. £9 
3.89 

284.44 4.09 

Total 1390 1217 45.5988 1653.57 32.65 

At. 173.7 152.12 5.6998 231.69 4.08 
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TABLE XIY. CONCENTBiiTIOW OF LIVER GLYCOaii* IN liiHiviS 01 100 au, 
OF PREGiJAlW:- COwTHOL Hiil'S Oi' 3iiKia:J I 

Number Wt. ¥;t. of Wt. of %t. of vVt. of glycogen Vi(t. of glycogen per 
of rat of iutaot feti + glycogen 

in liver 
per 100 gm. of 100 gm. of gravid 

rat uterus placentae 
glycogen 
in liver gravid feiaale female xainus uterus 

££• m- mp.. mg. 

21810 245 53.8 46.1 251.12 102.49 131.34 
28524 264 68.0 66.2 285.90 108.30 145.87 
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 286 68.0 52.0 287.28 100.45 131.78 
22615 225 53.5 46.0 194.04 86.24 113.14 
22576 244 52.7 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 
21893 228 50.2 45.2 223.25 97.92 125.56 
22039 249 58.3 52.7 171.24 68.77 89.80 
21985 290 68.0 61.6 186.77 64.40 84.13 
21996 265 58.5 51.5 203.97 76.97 98.77 
24364 283 66.0 59.6 316.24 111.74 145.73 
24419 246 mt tm -- 240.35 96.92 — 

24494 272 50.0 43.5 291.52 107.18 151,32 
24558 292 74.5 67.5 275.05 94.20 126.46 
24631 271 74.6 68.6 252.99 93.35 128.81 
24436 280 64.0 56.7 236.44 84.44 109.46 
24653 285 63.3 55.8 189.44 66.47 85.45 
24623 264 52.8 46.0 233.50 88.45 110.56 
24531 275 62.0 55.5 297.40 108.14 139.62 
24686 248 41.5 37.0 249.49 100.60 120.82 
Total 6018 1290.7 2162.08 2659.55 
At. 261.7 58.7 94.05 120.89 
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TiiBLl XY. COHCSUTRATION OF LIVER GLYCOGEN Hi TEKaS OF 100 GM. OF PESGKivNT 
PORK-FED R^S OF SERIES I 

Number Wt. Wt. of V/t. of Ysi t. of V/t, of glycogen Vi/t. of glycogen per 
of rat Of Intact feti + glycogen per 100 gm. of 100 gm. of gravid 

female minus uterus rat uterus Dlaoentae in liver cravid feiiialft 
100 gm. of gravid 
female minus uterus 

M. EB' 
21813 236 25.6 232.16 98.37 110.34 
21909 250 9 •» 180.52 72.21 
21625 260 42.0 36.0 178.78 68.76 82.01 
21826 266 48.1 42.8 279.10 104.92 128.09 
22240 236 26.5 20.0 227.79 96.52 108.73 
22258 265 56.5 49.5 253.73 95.75 121.11 
22239 240 45.8 39.3 247.10 102.96 127.24 
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 230 40.8 34.2 150.50 60.20 71.94 
21812 248 39.3 34.2 213.82 86.22 102.45 
219S2 242 10.7 — 136.66 56.47 59.08 
21892 204 25.0 21.3 257.76 126.35 144.00 
21971 300 56.5 49.5 176.58 58.86 73.12 
22241 207 -- 226.69 109.51 
24051 240 — 152.01 63.34 
24625 186 -- -- 131.41 70.65 
24652 238 50,0 45.5 253.45 106.49 134.81 
24672 255 40.0 34.0 225.40 88.39 104.84 
24685 217 ~~  — 129.30 59.58 
24632 214 — — 171.51 80.14 «-p«i 
23934 226 135.47 59.94 
24729 205 -- 203.05 99.05 
24607 231 215.20 93.16 
24660 203 — 82.78 40.78 
24058 — tmmm 221.73 — 

Total 5900 £042.18 1552.85 
Av. 3 81.69 103.52 
AV, onl7 for rats with living fati — 248.1 
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TABLE 271. GOKCiia'RKTIOK OJ GLYCOGi-i^' IK POHK-iiii RaTS 
SEOiVTKG TOTiU- HESOm-^'IOKS /.IvD IN PORK-FiiD Hitl'S V»riE LP/BIG FETI 

Hats with total resorpi bions Rats vtrith living feti 
Number Wt. of Vvt. of Per cent number Wt. of Vvt, of Per cent 
of rat liver glycogen glycogen of rat liver glycogen glycogen 

in liver in liver in liver in liver 
£m. mg» £B-

22241 7.9936 226.69 2.84 21909 7.3443 130.52 2.30 
24625 6.0535 131.41 8.17 21825 8.2624 178.78 2.16 
24665 6.2266 129.30 ?.08 £1773 7.3773 150.50 2.04 
24632 6.6231 171.51 2.59 21826 8.4703 279.10 3.30 
23934 6.9539 135.47 1.95 22160 7.2099 213.45 2.96 
24729 6.4758 203.05 3.14 21818 7.7292 213.82 2.77 
24607 7.9101 215.20 2.72 22239 7.9098 247.10 3.12 
24053 7.3410 221.73 3.02 22164 7.7554 128.38 1.66 
21982 7.1528 136.66 1.91 22238 8.1605 253.73 3.11 
24051 8.8489 158.01 1.72 21971 8.8751 176.58 1.99 
24660 6.6891 82.78 1.24 21892 6.2998 257.76 4.09 

22240 7.6533 227.79 2.98 
24652 7.3993 253.45 3.42 
84672 7.6484 225.40 2.95 

Total 78.2734 1805.81 25.38 108.5960 2986.36 38.85 

AV. 7.1158 164.16 2.31 7.7568 213.31 2.78 
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TABLii XVII. CONCEIjTRATION OF i.IV2.K GLYCOGLK Hi^TS OF SSFtlliJ II 

Number 
of rat 

Wt. 
of 
rat 

of 
rat 

Wt. of 
Intact 
uterus 

Wt. of 
feti + 
placen
tae 

Wt. of 
liver 
san^le 

Total 
wt. of 
liver 

i^'t. Of 
glycogen 
in liver 
sample 

Per cent 
glycogen 
in liver 
sample 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

jgm. days ££• flig. 

25387 262 129 49,0 42.7 4.0687 
5.0542 

9.1229 103.14 
118.86 

2.53 
2.35 

222.00 2.43 

25421 268 116 61.5 55.1 4.4446 
4.0350 

8.4796 123.36 
124.93 

2.78 
3.10 

248.29 2.93 

25529 276 111 64.8 57.8 4.8318 
4.5805 

9.4123 62.40 
52.75 

1.29 
1.15 

115.15 1.22 

25644 246 116 64.2 58.0 4.4554 
3.6326 

8.0880 90.35 
53.85 

2.03 
1.48 

144.20 1.78 

25754 248 117 57.2 50.7 4.9923 
2.4585 

7.4508 126.03 
99.55 

2.52 
4.05* 

187.76 2.52 

25796 228 113 53.5 48.0 3.8129 
4.0754 

7.8883 94.77 
97.53 

2.48 
2.39 

192.30 2.43 

25848 256 117 46.4 40.0 5.2339 
5.0416 

10.2755 126.77 
128.33 

2.42 
2.54 

255.10 2.48 

25917 254 130 50.5 43.3 4.2828 
4.7606 

9.0434 112.24 
133.40 

2.62 
2.80 

245.64 2.71 

26115 239 113 60.0 53.0 3.4707 
4.7371 

8.2078 76.01 
89.53 

2.19 
1.89 

165.54 2.02 

i 
H 

I 

* Omitted from average. Total wt. of glycogen, eetlmeted. 
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TABLE XVII (cont.). CONCENTRATION OF LIV2.R aLYCOdm Il^i HiiT3 01 SB.iiT23 II 

Ntmber 
of rat 

Wt. 
of 
rat 

of 
rat 

Wt. of 
Intaot 
uterus 

Wt. of 
feti + 
placen
tae 

Y/t. of 
liver 
sazi^le 

Total 
wt. of 
liver 

m, of 
glycogen 
in liver 
sample 

Per cent 
glycogen 
in liver 
sample 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

26208 

SB' 

237 

days SB-

59.0 

jgm. 

53.9 

gm. 

3.9676 
4. 4309 

M' 

6.3985 

iOg. 

121.62 
118.40 

3.06 
2.67 

mg. 

240.02 2.86 26208 

SB' 

237 112 

SB-

59.0 

jgm. 

53.9 

gm. 

3.9676 
4. 4309 

M' 

6.3985 

iOg. 

121.62 
118.40 

3.06 
2.67 

mg. 

240.02 2.86 

Total 

AV. 

S514 

251.4 

1174 

117. 

566.1 

4 56.6 

o02.& 

50.2 

86.3671 

8.6367 

2016.00 

201.60 

23.38 

2.34 
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-185-

TABLE mil. COWCEMTHATION OF GLYCOGaii ffiOM 
CONl'ROL UhlS or SiJiliS I 

Number 
of rat 

TKt, of 
fetl plus 
placentae 

Number 
of fetl 

\Vt. of 
fetal 
livers 

^t. of 
glycogen 

Per cent 
glycogen 

fim. ROU mg. 

25388 52.0 13 2.2504 126.59 5.62 

£4364 59.6 12 2.2271 118.58 5.32 

24419 w mm 8 2.0481 141.24 6.90 

S4494 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 5.41 

24436 56.7 12 2.4543 128.06 5.22 

24653 55.8 12 2.3924 140.84 5.89 

24623 46.0 7 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 

Total 542.2 122 21.9936 1311.04 67.13 

AY. 54.2 11.0 1.9994 119.18 6.10 
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TABLE XIX. CONCMTRidlOH OF GLYCOGEN FROM 
P0KK-F2I> RiiTS 

Number 
of rat 

Wt. of 
feti plus 
plaoentae 

Number 
of feti 

¥t. of 
fetal 
livers 

V«t. of 
glycogen 

Per cent 
glycogen 

£Sm. iSS* 

25387 42.7 9 1.8187 106.45 5.85 

£5421 55.1 13 1.8890 100.11 5.30 

25529 57.8 14 2.2041 107.64 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 88.06 6.36 

26208 53.9 10 1.2026 78.31 6.51 

24652 45.5 9 2.0030 73.62 3.68 

24672 34.0 7 1.3557 95.68 7.06 

Total 

AV. 

582.0 

48.5 

122 

10.2 

19.8063 

1.6505 

1146.51 

95.54 

71.07 

5.92 
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TABLE XX. . eoWCENTRATION OF iiATiilRWAL AND 

No. of 
rat 

No. of 
fetl 

Wt. of 
fetl and 
plaoentae 

Wt. of 
mother 

tft. of 
maternal 
liver 

wt.  of 
fetal 
liver 

wt. of fe
tal and 
maternal 
liver 

wt.  
cog< 
mat< 
llV( 

gm. gm. M- gm. gm. 

233^« 13 52.0 2&6 S.398M- 2.2504- 10.64-gig 28^ 

2^1-36^ 12 59.6 283 9.1655 2.2271 11.3926 31( 

8 2^1-8 6.823^ 2.04-81 8.8715 24( 

2i<-494 9 43.5 272 8.i^765 1.3010 9.7775 29: 

2^55^ 15 67.5 292 9.1576 2.1796 11.3372 27! 

24631 lit- 6B,6 271 7.7535 2.1191 9.8726 252 

2k^36 12 56.7 280 7.6601 2.4-543 10.1144- 23< 

21^653 12 55.3 285 a.ioiii- 2.3924- 10.4-938 18« 

2^623 7 4-6.0 26^1- 8.0282 1.5530 9.5SI2 23: 

2^531 11 55.5 275 8.7062 1.9377 10.64-39 29i 

2i^6B6 9 37.0 2i<-8 6.3^35 1.5309 7.8744- 24< 

Total 122 3^2.2 300M- 88.6li|-3 21.9936 110.6079 286< 

Average 11.01 5^.2 273.00 8.0558 1.9994 10.0553 26c 
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I'iATSRNAL AND FETAL LIVER OLYCOOKN IK CONTROL RATS 

of fe-
and 
ernal 
er 

wt. of gly
cogen In 
maternal 
liver 

v/t. of 
glycogen 
In fetal 
liver 

Petal gly
cogen and 
maternal 
Klycog en 

Maternal + fetal 
glycogen per 100 
gm. of fetal and 
maternal liver 

Maternal + fetal 
glycogen per 100 
gm. gravid female 

E* m- H- m- M* 21£-

2&J.2& 126,59 ^13.87 3886.5II- li<-l^.71 

.3926 316.2i|- 118.52 ^3^.82 3816.69 133.65 

.W5 2^1-0.35 1^1-1.2ii- 381.59 4301.30 153.87 

.7775 291.52 ll4,0g ii-05.60 il-lll-8.30 Ii}-9.12 

.3372 275.05 109.66 38^1-. 71 3393.3^ 137.50 

.8726 252.99 lli^.5S 367.57 3723.13 135.63 

236. 128.06 36^.50 3603.77 130.18 

139.^^ iJ^o.g'^- 330.28 31^7-38 115.89 

'.5^12 233.50 103.60 337.10 3518.3^ 127.69 

6^1-39 297.^0 121.62 1^19.02 3936.71 152.37 

.g7iMi 2^9.^9 92.19 3U.68 4339.12 137.77 

>.6079 2869.70 1311. Oil- 11-180.711. 1518.38 

1.0553 260.gg 119.18 380.07 3801.33 138.03 
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TABLE XXI. CONCENTRATION OF MATERN; 

No. Of 
rat 

Ho. of 
fetl 

Wt. of 
fetl and 
placentae 

wt. of 
mother 

Wt. Of 
maternal 
liver 

Wt. Of 
fetal 
liver 

wt. of fe
tal and 
maternal 
liver 

Wt 
00( 
ma' 
11' 

gm. SE- gm. gm. sa 1 

253«7 9 i|-2.7 262 9.1229 1,8157 le, 9^16 22, 

25^^21 12 55a 268 8.4-796 I.8S90 10,3686 2^-i 

25529 IK 57.S 276 9.'<-122 2.2041 11.6164 111 

25611^^ 11 5S.0 2H 8.08S0 1.8575 9.9455 l4i 

2575»^ 11 50.7 2i^g 7. it-508 1.^356 8.8864 22 

25796 10 M-S.O 228 7.8882 1.3898 9.278I 19 

& il-o.o 256 10.2755 l.i|-633 11.7388 25 

25917 9 ^3.3 25^1- 9.04-34- 1.8033 10.8467 24 

26115 11 53.0 239 8.2078 1.3W 9.5915 16 

2620a 10 53.9 237 8.3985 1.2026 9.6011 24 

2^^652 9 ^5.5 238 7.3993 2.0030 9.4023 25 

2i»-672 7 Jit.o 255 7.61^8ii- 1.3557 9.0041 22 

Total 122 562.0 3007 101.i»-li<-8 19.8063 121.2211 253 

Average 10.2 k&,3 250.58 8.^1-512 1.6505 10.1018 21 
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[TRATION OF MATKRNAL AMD FSTAL LIVER aLYCO&EN IN CONTROL RATS 

f 

> 

Wt. of fe
tal and 
maternal 
liver 

V/t. of gly
cogen in 
maternal 
liver 

Vt. of gly
cogen in 
fetal 
liver 

Fetal gly
cogen and 
maternal 
glycogen 

Maternal + fetal 
glycogen per 100 
gm. of fetal and 
maternal liver 

Maternal -f-
glycogen p 
gni. gravid 

SB.' m- iSS.- ESL- 22,-

10,9^16 222,00 106,45 328.45 3001,85 125.36 

1 10,36S6 24g,29 100.11 348,40 3360.14 130.00 

11.6164 115.15 107,64 222,79 1917.80 80.72 

1 9.9^^55 144.20 122,17 266.37 2678.29 108.28 

1 g.gg64 225,5« 9^tS7 320,45 3606.07 129.21 

( 9.2761 192.30 90.99 283.29 3053.31 124.47 

11.7385 255.10 95.04 350.14 2982.75 136.77 

i 10.8467 245.64 93.57 339.21 3127.31 133.55 

9.5915 165.5^ gg.o6 253.60 2644.00 106.11 

9.6011 240.02 7S.31 318.32 3315.56 13^.32 

1 9.4023 253.^5 73.62 327.07 3478.62 137.^2 

9.oo4i 225.40 95.68 321.08 3565.93 125.91 

121.2211 2532.67 1146.51 3679.18 36731.63 1472.12 

> lO.lOlg 211.06 95.5^ 306.60 3060.97 122.68 
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'ERNAL AND F2TAL LIVKR GLYCO&EN IN CONTROL RiiTS 

v/t. of gly
cogen In 
maternal 
liver 

V,'t. of gly
cogen In 
fetal 
liver 

Fetal gly
cogen and 
maternal 
glycogen 

J-laternal + fetal 
glycogen per 100 
gm. of fetal and 
maternal liver 

Maternal -t fetal 
glycogen per 100 
gm. gravid female 

m- iSSL- 2S.- mg.. 

222,00 106 A5 32S.i<-5 3001,85 125.36 

2̂ g,29 100,11 3i|-SAo 33 60. Ill- 130,00 

115,15 107. 6k- 222,79 1917.SO SO. 72 

lil-M-'.20 122.17 266.37 267s.29 10S.2S 

225.5s 9̂ .S7 320,̂ 1-5 3606.07 129.21 

192.30 90.99 283.29 3053.31 12̂ .̂ 1-7 

255.10 95.oil- 350.1̂  29S2.75 136.77 

21̂ 5.6̂  93.57 339.21 3127.31 133.55 

165.5̂  Sg.o6 253.60 264J4-.00 106.11 

2k0.02 7S.31 313.32 3315.56 13H-.32 

253.̂ 5 73.62 327.07 347s.62 137 A2 

225.̂ 0 95.6s 321.0s 3565.93 125.91 

2532.67 11̂ 1-6.51 3679.1a 36731.63 ll̂ 72.12 

211.06 95.5̂  306.60 3060.97 122.6S 
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TiiBLE XKII. CONCEKTiUi-TION 06' LIV£H GLYCOGalv IB COxsTHOL PORK-JJLD R^TS 
matckjn) -hS to i\u.viBER of 

Pork I rats Steenl book 7 rats 
No. 
of 
rat 

Wt. of 
feti + 
pla-
oeutae 

No. 
of 
feti 

Per cent 
of fetal 
liver 
^lycogea 

Per cent 
of mater
nal liver 
Klycoften 

No. 
of 
rat 

Wt. of 
feti + 
pla
centae 

No. 
of 
feti 

Per cent 
of fetal 
liver 
glycogen 

Per cent 
of mater
nal liver 
glycogen 

m- gm. 

255S9 57.8 14 4.88 1.22 24631 68.6 14 5.41 3.26 

25421 55.1 13 5.30 2.93 23368 52.0 13 5.62 3.42 

25644 58.0 11 6.58 1.78 24531 55.5 11 6.28 3.42 

25764 50.7 11 6.61 2.52 

26115 53.0 11 6.36 2.02 

25917 43.3 9 5.19 2.71 24494 43.5 9 8.77 3.44 

24652 45.5 9 3.68 3.42 

25387 42.7 9 5.85 2.43 

25846 40.0 8 6.50 2.48 24419 8 6.90 3.52 

24672 34.0 7 7.06 2.95 24623 46.0 7 6.67 2.91 



www.manaraa.com

-188-

MLE XXIII. CONCiiivTPiiTIOIJ 01 R;tiUOCIl^& SUBSTid-SCiS IK 
THii GxlSTROIi'TESTINii TRACT OF iSTARVEC COx^TROL R^^JIS OF 

SERI2S III 
Number 
of rat 

Volume 
of 

waaliings 

V.'t, of reducing 
substances in 5 

co. aliquot 

\Vt, of reducing 
substances in 
gastro intes
tinal tract 

co. M* 

Pregnant rata 

M* 

25416 250 0.£5 13.77 

25646 h 0.24 12.18 

2596 V 0.21 10.40 

25851 n 0.20 9.30 

S5799 m 0.23 11.34 

Total 
Avere^s 

1.16 
0,25 

67.54 
11.51 

Virgin rats 

85417 250 0.26 13.17 

g.5648 rt 0,26 12.82 

E596G f» 0.25 12.68 

E5852 It 0.26 12.82 

£5800 It 0.23 11.74 

Total 
Arerage 

1.26 
0.25 

63.23 
12.65 
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TABLE 2XIV. CONCEWTRiiTIONS OF REDUCING SUBSTJiWCSS IK 
THS G^TROINTSSTIKAL TRACT OF STARVM) PORK-FED RiiTS 

OF SERIES III 

Number 
of rat 

Volume 
of 

washings 

Viit. of reducing 
substances in 5 
oc. aliquot 

V«t. of reducing 
substances in 
gastrointes
tinal tract 

CO. mg. 

Pregnant rats 

M' 

25388 250 10.34* 

25420 » 0.26 12.82 

25530 ft 0.29 14.46 

25645 M 0.27 13.72 

25755 It 0.26 13.12 

Total 
Average 

1.08 
0.27 

54.12 
13.53 

Virgin rats 

25389 250 11.47 

25422 n 0,27 13.32 

25531 H 0.23 11.74 

25647 It 0.21 10.70 

25756 It 0.20 10.10 

Total 
Average 

0.91 
0.23 

57.53 
11.46 

* Some of intestinal contents were lost. Omitted 
from average. 
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TABLE IKV. CONCENTRATION OF REDUCING SUBSTiilMCfiS IN 
THE GASTROINTESTINAL TRACT OF CONTROL RATS OF 

SERIES III AFTER FEEDING GLUCOSE 

Niuaber 
of rat 

Volume 
of 

washings 

Wt. of reducing 
substances in 5 
cc. aliquot 

V.'t. of reducing 
substances in 
gastrointes
tinal tract 

00. M' 
Pregnant rats 

25920 250 0.21 10.70 

26080 « 0.19 9.70 

26199 0.22 11.09 

26270 It 0.22 11.09 

26276 ft 0.18 8.76 

27927 K 0.20 9.95 

28115 rt 0.20 9.95 

28291 H 0.20 10.65 

Total 
Average 

1.62 
0.20 

81.89 
10.25 

Yipgin rats 

25921 ff 0.20 10.24 

26081 1* 0.24 11.88 

26200 n 0.25 12.68 

26271 M 0.18 8.96 

27929 n 0.24 11.78 

28336 n 0.36 18.08 

28117 n 0.28 14.06 

28293 n 0.28 14.02 

Total 
Average 

2.03 
0.25 

101.70 
12.71 
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TABLE X2VI. CONCSKTRATION 01 REDUCING SUBSTjJJCES IN THS 
GASTROE^TSSTINaL TBACT OF POHK-FED RATS OF SERIES III 

AFTER iEEDIi'iG GLUGOSfi 

Number 
of rat 

Volume 
of 

washings 

Wt, of reducing 
substances in 5 
CO. aliquot 

Wt. of reducing 
substances in 
gastrointes
tinal tract 

00. 

Pregnant rats 

M* 

25849 250 0.26 12.82 

£5918 ft 0.25 12.48 

£5797 If 0.25 12.68 

26116 r» 0.25 12.26 

26209 1* 0.22 10.99 

28290 rt 0.27 1S.42 

28114 rt 0.2S 11.44 

28489 If 0.27 13.67 

Total 
Average 

2,00 
0.25 

99.88 
12.48 

Virgin rats 

25850 250 0,49 24.53 

25919 « 0.22 10.89 

25798 0.20 9.80 

26117 ft 0.21 10.30 

26210 n 0.23 11.64 

28292 ff 0.26 12.92 

28116 It 0.22 10.94 

27928 H 0.18 9.05 

Total 
Average 

2.01 
0.25 

100.07 
12.50 
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TiiBLS XiVII. CONCSiT^iATIOIf 01 iiEDUCIiMG oUBSTiii^CaS liJi 
THE &i^TR0IIiT]i3T2JAL TRkGT Of HiiTS OF SSRISS IV 

Number 
of rat 

Voluiae 
of 

waahlngs 

iiVt, of reduciug 
substances in 5 
oe. aliquot 

Wt. of reducing 
substanoes in 
gastrointaB-
tinal tract 

00^. 

Pregaant rats 

m* 

2S412 250 0.28 15.96 

28575 i« 0.27 13.57 

£3798 rt 0.22 10.89 

23786 ft 0.21 10.74 

28393 •» 0.24 12.28 

Total 
Average 

1.22 
0.24 

61.44 
12.29 
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TABLS Xmil. CONCSIfflUTION OF LIV3R GLYQOGm IH STARVJ£D PJJiXJNAtJT COKTEOL RiiTS 
Oi! SERIES III 

Numbex 
of rat 

Wt. 
Of 
rat 

Age 
of 
rat 

Wt. of 
Intaot 
uterus 

Wt, of 
fat i+ 
placen
tae 

Wt. of 
liver 
sample 

Total 
vrt. of 
liver 

Wt. of 
glycogen 
in liver 
sample 

Per cent 
glycogen 
in liver 
aaiODla 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

gm. gaya m- m- &5- gm. 

25416 226 154 56.2 50.7 3.2842 
2.4063 

5.6905 1.38 
1.33 

0.04 
0.06 

2.71 0.05 

S5646 217 129 — mm 3.7272 
2.905S 

6 * 632o 1. 73 
1.51 

0 * Oo 
0.05 

3.S4 O.uo 

25967 261 12S 55.5 49.2 3.0054 
3.8062 

6.3096 1.40 
1.38 

0.02 
0.04 

2.78 0.04 

25851 226 142 44.5 38.7 3,1701 
3.0261 

6ol982 1.33 
1.37 

0a05 
0.04 

2.70 0.04 

25799 250 ISZ 49.4 43.2 3.4950 
3.7424 

7.2374 1.39 
1.53 

0.04 
0.04 

2.92 0.04 

Total 1160 681 &05.6 181.8 32.5662 14.35 0.22 

AT. 236.0 186. 2 51.4 45.4 6.5132 2.87 0.04 
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tabus XXIZ. CONCMTRATIQi\( OF LIVER GLTCOGiiK IN STARFiJD VIRGIK CONTROL RaTS 
OF 3£RI£S III 

Number 
of rat 

Wt. 
of 
rat 

i^e 
of 
rat 

Wt. of 
liver 
sample 

Total 
wt, of 
liver 

Wt. of 
glycogen 
in liver 
samDle 

i'er cent 
glycogen 
in liver 
sample ° 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

gm. gays m- mg. 

25417 156 144 1.8082 4.5651 8.32 0.46 18.67 0.41 
2.7569 10.35 0.38 

0.41 

25648 152 159 2.3013 4.3744 1.96 0.08 3.90 0.09 
2.0731 1.94 0.09 

0.09 

25968 184 129 2.5551 4.9930 1.55 0.06 3.16 0.06 
2.4379 1.60 0,06 

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 3.94 0.09 
2.2729 1.92 0.84 

0.09 

Total 

At, 

838 

167.6 

750 

150.0 

23. 4518 

4.6904 

44.85 

8.97 

0.95 

0.19 
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TABLE JQDC- COMCZI^'iSATION Oj!- Qi^YCOGSM IW STiiRViOj POKK-£'£i> 
HAT3 Oil SERISS III 

Nvuabez 
of rat 

wt. 
Of 
rat 

of 
rat 

/'t, of 
intact 
uterus 

fit, ot 
feti + 
pie cen
tal 

V/t, of 
livsr 
saoiple 

Total 
v/t. of 
liver 

Wt. of 
Slycogea 
in liver 
aanpJft 

Per o©nt 
glycogen 
in liver 
sample 

VVt. of 
glycogen 
in liver 

Per cent 
glyoogen 
in liver 

&ia^ days _gto. BB- lU^. 

25388 258 130 48.0 41.5 5.3373 
3.1978 

8.5251 1.47 
1.27 

0.03 
0.04 

2.74 0.03 

S54S0 278 125 62.5 54.7 4.1551 
3.3554 

7,5105 1.58 
1.35 

0.03 
0.04 

2.71 0c04 

25530 256 XS4 47.5 41.5 3.0670 
5.4006 

8.4676 1.40 
1.53 

0.04 
0.03 

2.93 0.03 

25645 226 1Z7 38.5 33.1 2.8318 
3.4703 

6.3021 1.52 
1.59 

0.05 
0.04 

2.92 0.05 

25755 240 128 41.5 34.7 3.7710 
3.6305 

7.4015 1.35 
1.30 

0.04 
0.04 

2.65 0.04 

Total 1258 644 238.0 205.5 38.2068 13.95 0.19 

AT. 251.6 128.8 47.6 41.1 7.6414 2.79 0.04 

|0 
» 
I 
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TABLS XSOCI. CONCENTRATION OF LIVER GLYCOGEN IK tiTARVm VIRGM PORK-FSD Ria:S 
or SSRIES III 

Niimber 
of rat 

Wt, 
of 
rat 

Age 
of 
rat 

Wt. of 
liver 
sax^ple 

Total 
wt. of 
liver 

Y/t. of 
glycogen 
in liver 
sample 

Per cent 
glycogen 
in liver 
sample 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

SB' gays m-

25389 176 130 2.3283 5.4047 3.15 0.14 6.36 0.12 
3.0764 3.21 0.10 

S54SS 188 125 2.4005 5.1270 £.06 0.12 4.26 0.08 
2.7265 2.20 0.08 

25531 169 124 2.3346 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 5.86 0.13 
2.2958 3.06 0.13 

25756 172 132 2.4191 5.5709 49.46 2.04 101.92* 1.S3* 
3.1518 52.47 1.66 

Total 

At, 

885 

177 

648 

129.6 

26.0949 

5. SI 90 

30.14 

7.54 

0.57 

0.14 
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TABLE aXXII. CC^i\;C£I«!TRATIi)K 01 LIViiR GI.YC'3G.:'j;'3 IN PP.EGNAI-IT CONTROL ilaTS 
Olt SSRIES III ^iJTLR JEILLII^G GLaCOSE 

Nuinbei 
Of rat 

Wt, 
Of 
rat 

As® 
Of 
rat 

Wt. of 
intact 
uterus 

Wt. of 
fetl + 
plscen-
tae 

Wt. of 
liver 
sample 

Total 
v»'t. of 
liver 

Vvt. of 
glycogen 
in liver 
eaniole 

Per cent 
glycogen 
in liver 
E&mole 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

^aye my.. 

25»20 214 140 45.2 S9.7 3.2722 
2.8570 

6.1292 14.23 
17.29 

0.44 
0.60 

31.57 0.52 

£6080 264 128 51.5 45.5 3.0602 
s.esa? 

6.6985 11. e4 
10.74 

0.35 
0.C8 

22.58 0.33 

26199 270 145 65.0 58.3 3.3292 
3.9888 

7.3180 16.63 
17.95 

0.56 
0.45 

36.78 0.50 

26270 234 112 48.0 41.2 3.3394 
3.1193 

6.4587 6.28 
6.26 

0.19 
0.20 

12.53 0.19 

26276 280 136 77.5 61.7 3.5169 
3.5317 

7.0486 5S.70 
28.20 

1.70 
0.80 

87.90 1.25 

27927 258 155 54.2 48.0 S.6609 
3.2317 

7.0926 25.68 
23.29 

0.66 
0.72 

48.97 0.69 

26115 248 140 61.2 55. 4 2.8997 
3.5200 

6.4197 15.66 
19.15 

0.54 
0.54 

34.81 0.54 

28291 242 126 51.2 46.3 3.2970 
3.6136 

6.9106 45.96 
40.94 

1.39 
1.13 

86.90 1.26 

Total 2010 1082 453.8 396.1 54.2759 362.04 5.28 

AT. 251.2 135. £ 56.7 49.5 6.7845 45.26 0.66 

«o 

f 
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TiiBLB 2XXIII. CONCEOTRATION OF LIVER GLYCOGEN IN VIRGIN CONTROL RiilS 
OF SERIES III iiFTER FEEDING GLUCOSS 

Number 
of rat 

Wt, 
of 
rat 

Aso 
of 
rat 

Wt. of 
liver 
eauiple 

Total 
wt. of 
liver 

Wt. of 
glycogen 
in liver 
sample 

Per cent 
glycogen 
in liver 
sample 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

ga* days glB, m,' as.. 
25921 167 158 2.4867 

2.8731 
5.3598 39.06 

43.71 
1.57 
1.52 

82.78 1.54 

26081 182 141 3.1132 
2.5115 

5.6247 22.83 
15.11 

0.73 
0,60 

37.94 0.67 

26200 200 191 3.3826 
2.7621 

6.1447 27.94 
32.90 

0.82 
1.19 

60.84 0.99 

26271 160 118 1.8232 
2.2774 

4.1006 17.68 
14. 69 

0.97 
0.64 

32.37 0.79 

27929 175 185 2.6202 
2.6476 

5.2678 15.56 
20.94 

0.59 
0.79 

36.50 0.69 

28536 177 140 3.0352 
2.3891 

5.4243 37.91 
34.00 

1.25 
1.42 

71.91 1.32 

28117 174 152 2.6252 
2.8169 

5.4441 41.04 
43.42 

1.56 
1.54 

84.46 1.55 

26293 174 130 2.8732 
2.7973 

5.6705 29.50 
22.97 

1.03 
0.82 

52.47 0.92 

Total 1409 1215 43.0365 459.27 8.47 

at. 176.1 151,9 5.3796 57.41 1.06 
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TABLE XJDCIV. CONCENTRATION OF LIVER GLTCOGSSi IN FRSaNAKT POEK-FED iiftl'S 
OF SZEI2S III ilFTER FESDIi^G GLUCOSE 

Number 
of rat 

Wt. 
Of 
rat 

Ago 
Of 
rtt 

Wt. Of 
Intact 
ut eru s 

Wt. of 
fetl + 
placen
ta ft 

Vvt. of 
llTer 
sojp.pl e 

Total 
wt. Of 
liver 

v;t. of 
glycogen 
in liver 
Pfiraplft 

Per cent 
glycogen 
in liver 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

gaya £jn. £2* rrrr. la?;. mg. 

25849 £44 125 47.5 40.8 3.5611 
3.5724 

7.1356 2 w . ijci 
lu.89 

0.66 
0.53 

42.47 0.60 

ED 9ia SoO 113 58 .i 4 50.4 S.9199 
4.1047 

3.0246 IT.1.99 
39.13 

0.82 
0.71 

61.12 0.76 

257S7 254 172 45.9 36.2 4.1372 
2.Soli 

7 w 54c7 £?.0l 0.55 
0.7S 

48.45 0.C4 

26116 230 137 47.6 41.4 3.3246 
3.0653 

6.3899 8.B1 
7.57 

0.25 
0»25 

15.78 0.25 

S6209 252 123 50.0 54.1 3.2673 
4. £<30O 

7.5477 20.99 
18.42 

0.64 
0o43 

39.31 0.52 

26S90 233 132 17.3 13.3 4.^063 
3.3894 

7.5956 57.2? 
30. ol 

0.89 
0.90 

67.73 0.89 

£8114 2S0 147 29.5 25.1 3.0687 
3.2578 

6.3265 26.24 
26.19 

C . 3ij 
C.80 

52.43 0.83 

£8489 250 117 20.5 IS.2 4.0840 
3.6806 

7.7646 27.48 
19.94 

0.67 
0.54 

47.42 0.61 

Total 1943 1066 314.7 279.S 58.3311 374.76 5.10 

AV» 242.9 133.2 39.3 34.9 7.2914 46.84 0.64 
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TABLE ZaXV. CONCSNTRATION OF LIVER OLYCOGSM lU VIRGIN PORK-F£D RATS 
OF SERIES III AITiSR FEEDING GLUCOSB 

HuQiber 
of rat 

Wt. 
Of 
pat 

Age 
of 
rat 

Wt. of 
liver 
sample 

Total 
Wt. of 
liver 

Wt. of 
glycogen 
in liver 
sample 

Per cent 
glycogen 
in liver 
sample 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

gm. aaya giBU £2* 

25850 175 123 2.9199 
2.9696 

5.8895 22.92 
48.86 

0.78 
1.64 

71.78 1.22 

25919 147 126 2.7443 
2.2941 

5.0384 41.46 
39.43 

1.51 
1.72 

80.89 1.60 

25798 174 185 2.6410 
2.7791 

5.4201 53.73 
54.60 

2.03 
1.96 

108.33 2.00 

26117 172 144 2.5860 
2.3150 

4.9010 22.97 
21.27 

0.89 
0.92 

44.24 0.90 

26210 178 128 2.8552 
2.5648 

5.4200 25.73 
26. 96 

0.90 
1.05 

51.82 0.96 

28292 168 139 2.5213 
2.6019 

5.1232 54. 78 
53.64 

2.17 
2.06 

108.42 2.12 

28116 180 152 2.4997 
2.7332 

5.2329 43.33 
43.48 

1.73 
1.59 

86.81 1.56 

27928 184 141 3.1941 
2.5068 

5.7009 50.05 
43.24 

1.57 
1.72 

93.29 1.64 

Total 1378 1138 42.7260 645.58 12,10 

AY. 172.2 142.2 5.3408 80.70 1.51 
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Ti^LjS XJOCVI. C0NC5.NTR^iTI0H OF LIVaR GLYCOGiK" IN H>\TS OF SSRISS IV 

Number 
of rat 

Wt. 
Of 
rat 

A«e 
Of 
rat 

ftt. of 
intact 
uteru3 

Wt. of 
fatl + 
plac©n-
trift 

Wt. of 
llTor 
sampla 

Total 
wt. of 
liver 

Y/t. of 
glycogen 
in liver 
samDle 

Per oent 
glycogen 
in liver 
sainple 

V^t. of 
glycogen 
ia liver 

Per cent 
^ycogen 
in liver 

28412 244 

Aajs 

115 

S3. 

43.8 

!?n. 

37.3 

5®-

3.4025 
3.5^62 

7.3Da7 

axg. 

g4.-/'6 
£7.24 

0.73 
0.69 

Q'c.OQ 0.71 

28575 238 96 45.8 43.4 3.0206 
3.5244 

6.5450 9.04 
9.18 

0.30 
0.26 

18.22 0.28 

28798 2S5 118 28.3 24.1 3.55^1 
3.4072 

6.9593 3o .06 
38.14 

1.00 
1.12 

73.80 1.06 

28788 276 138 60.4 53.2 3.4697 
3.7927 

7.2624 20.86 
27.61 

0.60 
0.73 

48.47 0.67 

28893 228 129 — 4.1780 
2.6345 

6.8125 43.43 
31.01 

1.04 
1.18 

74.44 1.09 

Total 1221 596 178.3 158.0 34.9379 266.93 3.81 

AV, 244.2 119.2 44.6 39.5 6.9876 53.39 0.76 

B 
M 
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TABLE XXXm. QUAINTITY 01? GLUCOSE iOiMIKlSTEEED TO PHEGI^ia^JT CONTROL Riil'S 
OF SiEI^S III 

Number 
of rat 

Cllution 
factor 

Vit, of glucose 
in 5 CO. aliquot 

Wtm of gluoose 
in washings 

V«t. of glucose 
in solution 

V.t, of 
glucose 

Wash
ings 

Glucoas 
solution 

Waah-
ines 

Oluoo se 
solution 

from catheter adiainistered 
plus washings 

admin
istered 

B£' M* m-

S5920 200 1000 1.3001 1.0372 260.02 1057.20 777.18 

86080 t* 1.3179 1.0987 263.58 1098.70 835.12 

26199 It If 1.7266 1.1453 345.22 1145.30 799.98 

26270 tf tf 1,7167 1.0818 343 * o4 1081.80 738.46 

26276 tf If 1.6959 0.8944 339.18 894.40 555.22 

27927 H It 1.9627 1.0957 392.54 1095.70 703.26 

28115 M ft 1.8873 1.1116 377.46 1111.61 734.15 

28291 tf tf 1,8715 1.1393 374.30 1139.30 765.00 

Total 2695.74 8604.01 5908.37 

AV. 336.97 1075.50 738.55 
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TABLE XXXVIII. i^UAHTI'IY or GLUCOSS iUKIi>iI3T£HiJ) TO VIRGIiS CUi^TROL 
OF SSRIiS III 

Number 
of rat 

Dilution 
factor 

Wt. of glueOSd 
in 5 CO. allQuot 

'Wt. jf glucose 
in v/ashin^ 

V<t. ot glucose 
in solution 

\Vt. of 
glucose 

Wash* 
ings 

Glucose 
solution 

Vt'ash-
ings 

Glucose 
aolutioa 

froia oatlaeter adxuinistered 
plus washings 

aoiian-
istered 

xag. 

25921 200 1000 1.7742 1.1086 354.84 1108.60 753.76 

26081 ft ff 1.7573 1.1324 351.46 1132.40 780.94 

26200 M 1.3050 1.1176 261.00 1117,50 856.50 

26271 ft If 1.5808 1.0957 316.16 1095.70 779.54 

27929 500 tt 0.8507 1.1175 425.35 1117.50 692.15 

28326 If M 0.6186 1.0897 309.30 1089.70 780.40 

28117 ft 0.6126 1.1066 306.30 1106.64 800.34 

28293 H f* 0.8388 1.1175 419.40 1117.50 698.10 

Total 2743.81 8885.54 6141.73 

AT. 342.98 1110.69 767.72 
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TABLE XZXIX. qUiiUTITY OF GLUCOSE ADiiIlil3TERii2> TO PHEGNiuMT POBK-FSD RATS 
OF SERISS III 

Number 
of rat 

DHut ion 
factor 

Wt. of glucose 
in 5 00. &.liquot 

v»"t. of glucose 
in washings 

Wt. of glucose 
in solution 

\Vt. of 
glucose 

f/esh-
lugs 

Glucose 
solution 

Vv'asii-
ings 

Glucose 
solution 

from catheter administered 
plus washinRS 

admin
istered 

£5849 1000 0.8765 876.50 

£5913 £00 ff 0.87£5 «««»« 87£.50 

£5797 H tt 1.S507 1.1106 S70.14 1110.60 840.46 

£6116 « n 1.774£ 1.1423 354.84 1143.50 788.46 

26S09 ft tt 1.6750 1.07S9 335.00 1073.91 738.91 

S8£90 H It 1.9151 1.1495 383.02 1149.30 766.28 

£8114 500 tt 0.8279 1.0917 413.95 1091.70 677.75 

£8489 n 0.6474 1.1046 323.70 . 1104.66 780.66 

Totel £080.65 6673.47 6341.62 

ATerage 346.78 1112.24 792.73 
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TABLE XL, tt^UAm'ITT Of GLUCOSE ADiVil^IBTERSD TO VIRGIt^ POBK-FED HiiSS OF 
SERl]̂  III 

Kumter 
of rat 

Dilution 
factor 

V. t. of 
in 5 CO 

gluco ss 
. ellQ^uot 

;Vt. of glucose 
ir; washings 

Vt. of glucose 
in fc'olutioa 

V<t. oi 
glucose 

laBh-
inK3 

Glucose 
solution 

ivash-
infiB 

Glucose 
solution 

from catheter tidminietered 
plus v^eshings 

edain-
istered 

Eg* S&' iM* m' 

25850 — 1000 0.8854 ——— 885.40 

25919 200 ff 1.S97S 1.1195 279.46 1119.50 840.04 

E579a H it 1.6870 1.1096 357.40 1109.60 772.20 

26117 n it 1.5560 1.0540 bll.60 1054.00 742.40 

EdSlO n t» 1.6750 1.0739 337.00 1095.70 758.70 

28292 500 m 0,6464 1.1592 323.20 1159.20 836.00 

£8116. if m 0.5928 1.1066 296.40 1106.60 810.20 

27926 200 rt 1.3(55© 1.1116 272.72 1111.60 838.88 

Total £157.78 7756,20 6483.63 

At. 308.25 1108.02 810.48 
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TiiBLS 2LI. tiUANTITY OS' GLLfCOSS TO Ki.TS OF biJxIiiii 17 

NuQ!l)er 
of rat 

Dilution 
faotor 

Wt, of glucose 
in 5 00. alir;uot 

Wt. of glucose 
in wachings 

Vvt. of glucose 
in solution 

V;t. of 
glucose 

ings 
Gluoose 
solution 

V^'asli-
ings 

Glucose 
solution 

from catheter admiuistored 
plus washii^s 

admin
istered 

m' 

28412 500 1000 0.9231 1.2217 4&1.55 1221.70 760.15 

2Q5 75 If n 0.3503 1,1255 525.15 1123.50 798.35 

28798 tt M 0.6523 1.1135 326.15 1119.50 793.35 

28788 ft O.ddll 1.2197 340.55 1219.70 879.15 

28895 tl 0.69d9 1.0094 348.45 1009.40 660.95 

Total 1801.85 5693.80 3891.95 

Av. 360.27 1138.76 778.39 

1 
EO 
0 
an 
1 
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TABLE XLII. (iUiiNTITY OF GLUCOSE ABSORBS^ BY PRSGHivi^T CONTROL RaTS 
OF SERIES III 

jNuober 
of rat 

Wt. 
Of 
rat 

Wt. of 
glucose 
adminls-
tered 

Wt. of reduc
ing substances 
in gastroin
testinal tract 

Av. Wt. of reduc
ing substances in 
gastrointestinal 
tract of starved rat 

Wt. Of 
glucose 
absorbed 

Per cent 
glucose 
absorbed 

fflg« mg. 

25 920 214 777,18 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 

26270 234 738.46 11.09 738.88 100.06 

26276 280 555.22 8.76 ft 557.97 100.50 

27927 258 703.26 9.95 It 704.82 100.22 

28115 248 734.15 9.95 n 735.71 100.21 

26291 242 765.00 10.65 If 765.86 100.11 

Total 2010 5908.37 81.89 5918.56 801.47 

AT. 251.2 738.55 10.25 739.82 100.18 
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TABLE ZLIII. i^UAMTITY OF GLUCOSE ABSOKBSD BY VliJGIN COI^TROL R^S 
OF SERIES III 

Clumber 
of rat 

Wt, 
of 
rat 

Wt. of 
gluoose 
adminis
tered 

Wt. of reduc
ing substances 
in gastroin
testinal traot 

Av, Wt. of reducing 
substances in 
gastrointestinal 
tract of starved rat 

Wt. of 
gluoose 
absorbed 

Per cent 
glucose 
absorbed 

gm. mg. M* ag. SSL' 
25921 167 753.76 10.24 12.65 756.17 100.32 

26081 182 780.94 11.88 M 781.71 100.10 

26S00 200 856.50 12.68 n 856.47 100.00 

26271 160 779.54 8.96 n 783.23 100.73 

27929 175 692.15 11.78 H 693.02 100.12 

26336 177 780.40 18.08 M 774.97 99.30 

28117 174 800.34 14.06 ft 798.93 99.82 

28293 174 698.10 14.02 n 696.73 99.80 

Total 1409 6141.73 101.70 6141.23 800.19 

AT. 176.1 767.72 12.71 767.65 100.02 
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TABLE 2LI7. Q,UiU^TITy OF GLUCOSS iiBSOBBS) BY PltSGlHiiKT POHK-fSD RATS 
OF SSRI^S III 

Number 
of rat 

Wt. 
of 
rat 

Wt. of 
gluoose 
adminis
tered 

Wt. of reduc
ing substances 
in gastroin
testinal tract 

Ay. wt. of reducing 
Slib stances in 
gastrointe st inal 
tract of starved rat 

Wt. Of 
glucose 
absorbed 

Per cent 
glucose 
absorbed 

m- as. 

85849 244 876.50 12.82 13.53 877.21 100.08 

25918 250 872.50 12.48 If 873.55 100.12 

25797 254 840.46 12.68 n 841.31 100.10 

S6116 230 788.46 12.38 ft 789.61 100.14 

26209 252 738.91 10.99 tf 741.45 100.34 

28290 233 766.28 13.42 M 766.39 100.01 

28114 230 677.75 11.44 H 679.84 100.31 

28489 250 780.96 13.67 H 780.82 99.98 

Total 1943 6341.81 99.88 6350.18 801.08 

Av. 242.9 792.73 12.48 793.77 100.14 



www.manaraa.com

TABLE XLV. (iOAIiiTITY OJ GLUCOSE ABS0HB12D BY VIRGIN POiaC-FED RaTS 
oy ssriss III 

Number 
of rat 

Wt. 
of 
rat 

Wt. Of 
glUGOSO 
adxainls-
tered 

Wt. of reduc
ing substances 
in gastroin
testinal traot 

AT. wt, of reducing 
substances in 
gastrointestinal 
tract of starred rat 

Wt. of 
glucose 
absorbed 

Per cent 
glucose 
absorbed 

lag. mg. 

25850 175 885.40 24.53 11.46 872.33 98.52 

S5919 147 840.04 10.89 M 840.61 100.07 

Zi>79Q 174 772.20 9.80 f* 773.86 100.21 

S6117 172 742.40 10.30 It 743.56 100.16 

Z&210 178 758.70 11.64 ft 758.52 99.98 

20292 168 836.00 12.92 ff 834.54 99.82 

26116 180 810.20 10.94 ft 810.72 100.06 

27928 184 838.88 9.05 ft 841.29 100.29 

Total 1378 6463.82 100.07 6475.43 799.11 

AV. 172.2 810.48 12.50 809.43 99.89 
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TABL3 XLVI. (iUAHTITY OF GLUCOSS iiBSORBSD BY RATS Off SSRIBS IV 

Number 
of rat 

Wt. 
Of 
rat 

Wt. of 
glucose 
adminis
tered 

Wt. of reduc
ing substances 
In gastroin
testinal tract 

Av. wt. of reduc
ing substances in 
gastrointestinal 
tract of starved rat 

Wt. of 
glucose 
absorbed 

Per cent 
glucose 
absorbed 

SB' mg. 

2641S 244 760.15 13. 96 11.46 757.65 99.67 

28575 236 798.35 13.57 It 796.24 99.74 

28796 235 793.35 10.89 ft 793.92 100.07 

26788 276 879.15 10,74 H 879.87 100.08 

28893 228 660.95 12.26 tt 661.77 100.12 

Total 1221 3391.95 61.44 3869.45 499.68 

At, 244.2 778.39 12.29 777.89 99.94 
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-21?.-

TiiBLE LX7II. LIVER QLYCOGEk DEPOSITIOiS IN PREGNANT 
CONTROL RATS 01 SERIES III IN TERMS 01 GLYCOGEM USDliX 

number 
of rat 

Wt. 
of 
rat 

iulg. of 
glucose 
absorbed 

Mg. of liver 
glycogen per 
100 ga. liver 

Mg. glucose 
absorbed 
per 100 gm. 
of rat 

Glyco
gen 
index 

M* 

£5920 214 777.99 520 363.55 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 

2.79z7 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 

Av. 

2010 

251 

13.03 

1.86 

* Omitted from average 
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-213-

TiiBLJi LXVIII. LIViR GLYCOGEii DEPOSITION IN VIRGIN 
CONTROL SATS 01^ SERIES III IK TiffiaaS Oi' GLYCOGM INDEX 

Kumber 
of rat 

Wt, 
of 
rat 

of 
glucose 
absorbed 

Mg. of liver 
glycogen per 
100 gm, liver 

glucose 
absorbed 
per 100 gio. 
of rat 

Glyco
gen 
index 

££• 

259S1 167 756.17 1540 452,80 3,40 

26081 162 781.71 670 429.51 1,56 

26S00 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 

26336 177 774.97 1320 437,84 3,01 

28117 174 798.93 1550 459,16 3,38 

26293 174 696.73 920 400,42 2,30 

Total 

Av. 

1409 

176,1 

19,31 

2,41 
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TABLE XLIX. LIVER GLYCOGM DEPOSITION IN PREGNANT PORK-
FED RATS OF SSRIES III IN TERIiS OF GLYCOGEN IKDM 

Number 
of rat 

wt. 
of 
rat 

Mg. of 
glucose 
absorbed 

Mg, of liver 
glycogen per 
100 gja. liver 

Mg. glucose 
absorbed 
per 100 gm. 
of rat 

Glyco
gen 
index 

£5649 244 877.21 600 359.51 1.67 

25918 250 873.55 760 349.42 2.18 

25797 254 841.31 640 331.22 1.93 

26116 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 

26489 250 780.82 610 312.33 1.95 

Total 1943 6350.18 2614.51 15,74 

at. 242.9 793.77 326.81 1.97 



www.manaraa.com

TiiBL2 L. LIV2R GLYCOGEI^ DEPOSITION IN VIRGIN PORK-IED 
RATS OF SERIES III IN TitRi^ 01 GLYCOGM INDEX 

Number 
of rat 

Wt. 
of 
rat 

Mg. of 
glucose 
absorbed 

Mg. of llTer 
glycogen per 
100 gox. liyer 

Mg. glucose 
absorbed 
per 100 gm. 
of rat 

Glyco
gen 
index 

gm. 

25850 175 872.23 1220 498.47 2.45 

85919 147 840.61 1600 571.84 2.80 

25798 174 772.86 2000 444.75 4.50 

26117 172 742.56 900 422.20 2.08 

26210 178 758.52 960 426.12 2.25 

28292 168 824.54 2120 496.75 4.27 

28116 180 810.72 1660 450.40 2.68 

27928 184 841.29 1640 457.22 2.59 

Total 

AT. 

1278 

172.2 

3777.86 

472.23 

25.62 

2.20 
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TiiBLE LI. LlVJm GLYCOGIN DIlPOblTIOii Hi RATS OF 
SERIES IV IN TERSiS OF GLYCOGiiK imM 

Number 
of rat 

Wt. 
Of 
rat 

Mg. of 
glucose 
absorbed 

Mg. of liver 
glycogen per 
100 gm. liver 

Mg. glucose 
absorbed 
per loo gm. 
of r&t 

Glyco
gen 
index 

2841S 

jgm. 

244 757.65 710 310.51 2.29 

28575 238 796.24 280 334•oS 0.84 

28798 235 793.92 1060 337.84 3.14 

28788 276 879.87 670 318.79 2.10 

28393 228 661.77 1090 290.25 3.76 

Total 1221 3889.45 3810 1591.94 12,13 

AT. 244.2 777.89 760 318.39 2.43 
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TABLE LII. OOMCiiJ.HTRiiTIOH 05' LIV1.R GLYCOGIbK IN RiilS 0? SERIES V 

Nmber 
of rat 

Wt. 
of 
rat 

Age 
of 
rat 

Wt. of 
intact 
uterus 

Wt. of 
feti+ 
plaoen-* 
tae 

Wt. of 
liver 
sample 

Total 
wt. of 
liver 

Wt. of 
glycogen 
in liver 
sample 

Per cent 
glycogen, 
in liver 
aampla 

Wt. of 
glycogen 
in liver 

Per cent 
glycogen 
in liver 

days m-

28701 145 86 2.2731 4.5892 17.87 0.79 38.49 0.84 
2.3161 20.62 0.89 

27984 198 84 44.2 39.7 2.7151 6.0489 0.00 0.00 0.00 0.00 
3.3338 0.00 0.00 

26709 193 87 1 — 3.6705 6.8611 78.74 2.14 146.59 £.14 
3.1906 67.84 2.13 

24399 234 67 53.5 45.5 2.8234 6.6964 0.00 0.00 0.00 0.00 
3.8730 0.00 0.00 
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yOIM I. COKDrriON of FS^iALE RAIS iiT AUTOPSY (S2TLRi^uiL COHDITIOI^) 

Rat no. 
Age rat tin days) 
Pregnancy no. 
Day of gestation period.^ 
Wt, before starving 
Wt, after starving 

Diet no. 
Autopsy date_ 
Hour 
Period of starvation^ 
Hour initiated 
Hour terminated! 

Description of diet 
Post-starvation period 
Food 
niuantlty 
Length of period 

Physical condition^ 
General Alert Paws pinkish Eyelids 
Fat Gaunt Syes pink Inflamed Infected 

Muscle tone 
General Abdoainal 

Gait 
Dragging _ 
Sprawling 

Hair 
Clean 

elevated 
Av?kward 

Creatay 
Fine 

Smooth 
Thick 

Respiration 
iSniffy 
Palp itations 

Exudates^ 
Wasal 
Oral 

Wheezy 

Anal _____ 
Vaginal 

Hematuria 

Reuiarks 

Tail 
Clean 
Discolored 

Smooth 
Seres 

1. In recording the degree to which any condition is present use a scale ranging 
from minus (-> to four plusses (•*• + + +>• 

S. Indicate character of exudate 
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FOSM II. 

Rat no. 

CONDITION of female RATti AT aUTOPST (m'£fil^al CONDITION) 

Diet no. 

Fat depots 
Subcutaneous 
Peritoneal ̂  
Omental 

Perirenal 
Genital 

Liver 
Yellow _ 
Friable" 

Int ermusoular 

Mottled 
Spongy _ 

Kidneys 
Cortex, color _ 
Medulla, color' 
Pelvis, color 

friable 
friable 
friable 

Corpora lutea 
No. in left ovary 
Color 

Fetal sites, no. of 

Live feti, no. of 

Resorptions, no. of 

Description of diet 

Stomach ulcers 
Number Severity 

Pancreas, any gross abnormalities:, 

right 

Condition of the liings: 

Infection Atelectosis ^physema 

Lobe 1. 

S. 

3. 

4. 

5. 

Pus pockets: 
Ovary 
Placental sites 
iiiar 
Base of the tongue 

Teeth 
Straight Orange 

Remarks 

1. Use a scale ranging from minus (-) to four plusses (•»•*++) in so far as possible 
in recording the degree to which any condition is present. 
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