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C H A P T E R  I

INTRODUCTION

In his classic report, "Metabolism of Tumors11 in 1925, 

Warburg postulated several generalizations concerning malignant 

tumor tissue metabolism, and summarized from his studies that 

"interference with the respiration in growing cells is, from the 

standpoint of the physiology of metabolism, the cause of tumors. 

If the respiration of a growing cell is disturbed, as a rule the 

cell dies. If it does not die, a tumor cell results."(l) 

Although the Respiratory interference as the cause of tumors is 

no longer held as the primary cause (2,3,It), generalized meta

bolic characteristics of 1) low oxygen uptake rates, 2) high 

aerobic glycolysis, ¿md 3) high anaerobic glycolysis reported 

by Warburg have been found b y  later workers (5*6,7,8) to be 

descriptive of all malignant tumor tissue enabling a classifi

cation of what is or is not cancer tissue b y  metabolic measure

ments on tissue slices.

Such a malignant tumor classification is feasible, 

despite the reported findings of some workers (9*10,11,12,13,

Hi,15) that certain properties of some normal tissues overlap 

those of tumors and in no way invalidates the concept of a 

uniform metabolic behavior of malignant tumors as a class,

Burk (5) and Greenstein (16) agree that it may be accepted 

that normal tissue as a class and malignant tissue as a class 

are metabolically fairly well distinct. However, in employing, 

values obtained from manometric technique as a basis of tumor
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classification, one is justified only if the entire metabolic 

schema is considered, That is, "not one or two but a sufficient 

number of metabolic criteria (absolute and relative) are con

sidered." (5) In this way can be avoided the possibility of 

regarding normal tissue as malignant because it possesses 

several of the metabolic values presumably reserved for "malignant 

tumor metabolism."

Having established a classification of malignancy based 

on a composite picture of metabolic activity which we generally 

find tumors possessing, we are able to make a metabolic diag

nosis of malignancy manome trie ally.

Metabolic diagnosis of malignant tumor as 
compared v/ith normal tissue may be correlated with 
pathological diagnosis in well over 95 per cent of 
the tested cases, upon due consideration of the 
absolute as well as the relative magnitudes of, 
first and foremost, anaerobic glycolysis (8-20 i) 
and of respiratory quotient (0.75 - 0.91)5 secondly, 
respiration (2-10i) and aerobic glycolysis (0-151) 5 
and thirdly the.derived quotients, absolute Pasteur 
effect, Q a'-~ Q v"=(8-15), Meyerhof oxidation quo
tient, M.0.Q, = 3(Q‘ Qf)/Q02(3-6-)* fermentation 
excess, U - q S -  2 Q ^ = ( - 5  to 2$i) etc, (Q values 
based on initial dry weights )5 and fourthly quite 
possibly the new criteria developed by Salter, et* 
al.(17) in regard to the separation of certain 
tumors from their homologues on the basis of differ
ential oxidation of glucose and succinate, Hon- 
tumor designation by one or more of these metabolic 
criteria) thus to consider previously debated cases: 
for the kidney medulla, too high an R.Q, ) cartilage, 
synovial membrane, and (presumably) skin epithelium, 
too low an anaerobic glycolysis (Qv*) or respiration 
(QoJ even with reasonable correct,ion for inter
cellular substance and inert components) retina and 
jejunal mucosa, too high a respiration and in the 
latter case also M . O . Q . = 0 (no Pasteur effect)."(5)

The characteristic pattern of malignancy discussed up to

this point was obtained b these workers from manometrie studies
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on tissue slices of malignant tumors in vivo.

Levfis (1935) (17) reported all malignant cells to be 

permanently altered cells which breed true in vivo and in vitro# 

and after years of culturization in vitro# found "no apparent 

change in malignant tissue cells." Voegtlin (19U1) (19) reported 

somewhat similiar results in stating that "malignant cells 

maintained in tissue culture for years without losing their 

potency to produce tumor upon inoculation into the same strain 

of animals from which they were derived," He also reported 

that carcinogenois in vitro indicated that carcinogensis does 

not depend on favorable systemic conditions# but can be ex

plained by a direct interaction between carcinogen and cell, 

Earle (I91t3) (20) removed a primary strain of fibro

blasts from the subcutaneous and adipose tissue of 100 day 

old male mice of the C^H strain# and began culturing these 

fibroblast cells in a cultural medium of horse serum (U0$) - 

chick embryo extract (20$) - saline solution ($0$)* on 

October 18# 19ii0. After 291 days of culture in vitro# carcino

genic action was introduced b y  adding a carcinogen, 20-methy- 

cholanthrene # in a concentration in the fluid culture medium 

of 1 per cubic centimeter.

*-NaCl
KOI
GaCl
MgSO.

Dextrose

6.80 gms. 
.hO gms. 
.20 gms. 
.10 gms. 

.13 gms. 
2.20 gms. 
1.00 gms.

Glass distilled H2O to 1000 cc.

* 96697
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Selected groups of malignant cells (strains) were 

developed by this method being distinguished one from another 

by the duration of the 2Q-methycholanthrene administration.(20) 

All strains, upon injection into C^H mice, generally produced 

sarcomas indicating the malignant potency possessed by these 

culture cells.(21,22) Morphological examinations showing simi

larities to known malignant cells also confirmed the malignancy 

of these cells in vitro.(23,2lt)
Since this paper is primarily concerned with Earle*s 

Strain L cells, only they will be discussed.

Strain L was subjected to the action of the carcinogen 

for 111 days, being removed from the former’s influence on 

March 26, 19U2 at which time the cells exhibited morphological 

as well as growth changes.(20) Upon injection of cultures of 

this strain b y  syringe into the back muscle of C-jH male mice, 

tumors were produced in h&% of the cases,(21)

Burk, in his manomntrie studies in 19u3 (2$) and again 

in 19U7 (26) on tissue slices of sarcomas produced following 

Strain L injections, lends support to the malignant character 

of these cells in that he observed values for tissue respiration# 

aerobic, and anaerobic glycolysis, respiratory quotient, and the 

derived quotients to correspond compositly with the values 

postulated as characteristic for malignant tumor metabolism.

($»6,7,8,16,2$,26)

Following generations of subinoculations, successive 

generations of cultured cells from Strain L»produced sarcomas, 

show a general and substantial decrease in the ability to give
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rise to tumors in CjH mice. The most probable explanation of 

this loss is perhaps due "to the growth of these cells in a 

heterologous culture media for such an extended period of years 

resulting in a gradual alteration of the cells characteristics 

to the point where they can less easily live and give rise to 

sarcomas when Injected",(2?)

DeBruyn (19h9) observed similiar loss of tumor producing 

ability following reinjection by cells derived from mouse lympho

sarcoma and cultured in an entirely heterologous medium for 

more than four months,(28)

Phillips and Pace (195U), employing standard Warburg 

manometrie technique, found correlation between the observed 

inability of tumor production b y  Strain L and respiration values 

for these culture cells, in that they observed "Strain L cells 

respire at a rate characteristic of some normal tissue," having 

,an d s ^ m i t e l y  below and a R,Q, considerably higher than 

the values observed by Burk (25,26) and other workers as being 

indicative of malignant metabolism,

STATEMENT OF PROBLEM

Phillips and Pace, in their manometric studies on 

Strain L (29) used neutralized horse serum as their reaction 

vessel fluid. It is the purpose of this work to determine and 

use the most suitable synthetic media for standard manometric 

studies on cellular respiration, aerobic, and anaerobic gly

colysis. The values obtained will be compared with those 

for Strain L as presented in the literature.(25,26,29)



CHAPTER II

MATERIALS AND METHODS

Cell culturing» —  The Strain L cultures used in 

this work were maintained in a viable state b y  Dr. Phillips. 

The culturing method followed was essentially that described 

b y  Earle (20) and Phillips and Pace (29). The cell colonies 

were allowed to proliferate in T-60 culture flasks until 

they completely covered the floor of the flask, at which time 

they were removed from the flask in preparation for metabolic 

studies. The removal was accomplished by using a fine nylon 

brush to free the adherent cells from the floor of the flask. 

The freed cells were immediately placed in Krebs-Ringer-Hios- 

phate with 0.1$ glucose.

Preparation of Krebs~Einger~i-hosphate with Glucose. —  

The preparation essentially followed was that described by 

P. P* Cohen in the m n o m e t r i c  manual of timbre it, Burris, and 

Stauffer (30). However, because of the addition of the 0,1$ 

glucose to the solution, it was necessary to recalculate the 

component proportions. Also, the preparation procedure was 

converted from parts per thousand to grams per thousand:

NaCl
KOI

8.15 gms 
.13 gms

KHjPOk .17 gms

MgSOj^THgO ■ *31 gms
CctCX^ * .33 gms

Dextrose 1.00 gms

The volume was then brought to one liter with distilled 

water. The phosphate buffer was prepared by placing Hi,2 grams
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of N a o H K ^  in 900 cc. of distilled water. Nineteen ml. of IN.

HC1 was then added. ( 1 N = 1 3 c c . of concentrated HOI diluted to 

100 cc.). The pH of the buffer 'was then adjusted to 7*U on a 

Becbman pH meter, using 5% NaOH or HG1 for the pH adjustment. 

To the saline solution 110 cc. of this buffer w a s  now added.

After gassing for 10 minutes with oxygen, the pH was again 

adjusted to approximately 7.U.
Determination of cell colony size. —  The collected 

cells were well desnersed in 1$ cc. of Krebs-PJLnger-phosphate- 

glucose solution. A representative drop was then placed in the 

counting chamber of a Spencer hemacytometer. The four white 

cell divisions (1.0 mm, on a side) were counted and an average 

taken. The dilution factor was then calculated and the number 

of cells per cc. of solution was determined.

Metabolic determination: Material us e d . —  The Warburg 

constant volume respirometer attached with a 5 cc. Warburg re

action vessel was used for these determinations. The manometers 

were calibrated and the vessel constants (Kq 2 and Kq q 2 ) calculated 

according to the procedure described b y  Umbreit, Burris, and 

Stauffer.(30)

Ten complete manometric units (manometer A-vessel) were 

used, of which four served as thermobarometer blanks to register 

barometric variations during the run, while the other six con

tained the reaction material. To insure uniform readings and 

thus reduce a source of error, the ten manometric units were 

first run with 2 cc. of distilled water in their vessels. This
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was done to select nanometers which exhibited a uniform fluc- 

tation with temperature and barometer change at each 15 minute 
interval

Method used» —  The method used was the standard 

Warburg "direct method" as described in detail by Ombreit, 

Burris, and Stauffer.(30) Two cc. of the cell suspension was 

placed into each of the six reaction vessels while the thermo- 

barometers were supplied with two cc. of the Krebs-Ringer-phos

phate- glucose solution. The remaining part of the procedure 

varied in accordance with the type of determination to be made 

and will therefore be discussed under those headings.

Aerobic determinations. —  Oxygen uptake. (Qq _ ) —  To 

the center well of vessels, 0.2 cc. of 20% KOH was added, to

gether with a folded filter strip to create a larger COg ab

sorbing surface. The vessels were then mounted on manometers 

and gassed with pure On for 10 minutes. The vessels were then 

equilibrated for 15 minutes in the water bath at 3-3°G. The zero 

reading was then taken, after which the manometers were read at 

15 minute intervals for a duration of 120 minutes. The results 

were recorded as Q q  » u l .  02/mg(initial dry weight)/hour.
Carbon dioxide production (Qq q  )• —  Following the direct 

method of Tarburg for CUg production, if the KOH is omitted from 

the center well of one flask, while added to that of another, the 

difference in the gas volume between the two flasks is primarily 

due to the CO2 produced in the former. From the equation (30), 

the ul CO2 can be calculated for the flask lacking KOH.11 Xco2- O' - X°2/k°2> Ho2
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where $

solution at high pH values, a correction must be made for the 

low C02 value. This correction is made b y  recalculation of the 

flask constant for COg (Kq q  ) using the new effective value d /  

for d, where d  equals the solubility of the gas involved in the 

liquid in the vessels and is expressed as ml of gas/ml of 

liquid when the gas is at a pressure of one atmosphere (760 
mm Hg at the temperature T.) This new effective value at 

37.5° 0« is expressed asi(30)

and its value is determined from the ratio of apparent to 

real CO2 solubility graph of Umbreit.(30) The flask constant

V„ = gas phase volume in the flask manometer to the 
& zero point.

Vf = fluid volume in the vessel

T = 27 3 +  water bath temperature in 0 C.
P0 - 760 mm Hg. x  specific gravity of manomet r fluid

2 )

(Kq o 2 ) is then recalculated by the equation.(30)

3) v 
% ) 2 =

where i

specific gravity of manometer fluid

r
oC = real solubility for 002 at the reaction pH.

The recalculated Kq q ^ is then used in equation 1) and the ul
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produced determined. The results are recorded as 

= ulco^/mg. (initial dry weight)/hour.

Respiratory quotient (R.Q.) — * The respiratory 

quotient is defined as the ratio of the amount of GOg produced/ 

amount of O2 consumed and is therefore determined» R.Q* = Xq q ^ / L ^ ,  

Aerobic glycolysis (Q^2 ) —  The formation of lactic 

acid was used as an indication of the extent of glycolysis*

The reaction vessels were prepared in precisely the same manner 

as for Gg uptake. The manometers and vessels were gassed with 

pure O2 and equilbrated as described for Q q  determinations* 

Following the 1$ minute equilbration period, two vessels were 

removed from the experiment and from each exactly 1 cc* of 
reaction material was taken. The lactic acid concentration

in these was used as the initial value of lactic acid present. 

After 120 minutes, exactly lee. was removed from the remaining 

reaction vessels as the final value for lactic acid formation.

The method employed in determining the lactic acid 

formation was a photometric method described b y  G. A. Lepage 

(30) as a modification of the Barker and Summerson procedure:

"The sample# containing 3-30 micrograms 
of lactic acid, is pipetted into a clean 16 x 1$0 
mm* test tube, made to 5 ml. with water, and 0.5 
ml. of 20% C u S O v ^ P ^ O  added. Approximately 0,5 
grams of Ca(0H )2 is added and dispersed with 
shaking. The copper-calcium hydroxide precipitate 
removes interfering materials. The precipitate 
is redispersed several times in the course of 30 
minutes or more. A one ml. aliquot of the super
natant was slowly layered over the surface of 6 ml. 
cold sulfuric acid (the tubes remaining in the ice 
bath). Giving the tubes a quick shake will mix 
the sample and the sulfuric acid without appreciable
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heating* Tubes are heated in a boiling water 
bath for 5 minutes, cooled to below 30° C., and 
one drop each of h% O u S O v ^ H p O  and p-hydroxydi- 
henyl reagent added. Byuusing the same dropper 
each time, including the standards, one need 
not measure these reagents except b y  drops.
The additions are immediately dispersed by- 
shaking and the tubes incubated at 23-30° 0. for 
30 minutes or more with occasional shaking to 
redisperse the reagent. The tubes are then heated 
in a boiling v/ater bath for 90 seconds, cooled, 
and the sample transferred to colorimeter tubes. 
Transmission is read against a reagent blank at 

mu. The range is 3-30 micrograms with a 
precision of 0.U microgram . 1 11
A standardization curve was derived using known amounts

of zinc lactate against photometric readings. Using Phis curve,

the experimental concentration of lactate was determined from

the photometric readings by interpolation, giving the ug, of

lactic acid/cc. of reactant material/hour. by conversion, using

1 cm? = l/22,)4Q0,000 moles, the results were recorded as ul,

lactic acid/mg, (initial dry weight)/hour.

'Anaerobic glycolysis (Q/^) —  The conditions for this

determination were anaerobic in nature, and was achieved by

gassing the fluids and systems with pure It,. The pure was

obtained by bubbling the commercial gas through an alkaline

solution of pyrogallol* to remove the 02 « Because pyrogallol 
has been reported to contain CO, the gas was first bubbled

through the solution for 20 minutes in an effort to drive off 
the CO and thus obtain relatively pure Ng. The Krebs-Ringer- 

phosphate-glucose solution was prepared as in the other determi

nations with one exception} it was gassed with pure MU instead

1 Prepare a solution of K0H by dissolving 160 gms, in 
130 ml. of water. In 200 ml. of this solution dissolve 10.0
gms. of pyrogallic acid.

i
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of 02 . The cells were then collected in this saline solution 

being careful to avoid exposure to Og» A cell count was then 

made. Two cc, of the cell suspension was then placed in each 

vessel and the vessel Immediately attached to the manometer. 

Because of the complete absence of 0^ and QO^t KOH was omitted 

from all the vessels, Following a 10 minute gassing of the 

manometers and vessels with the purified and a 1 $ minute 

equilbration period# two vessels ..rere removed to represent the 

initial lactic acid value. After 60 minutes# the remaining 

vessels were removed and 1 cc. collected in test tubes. The 

lactic acid formed was determined following the procedure 

described under aerobic glycolysis, and likewise expressed as 

ul lactic acid/mg, (initial dry weight)/hour.



CHAPTER III

RESULTS

Culture cells of Earle1s Strain L mouse sarcoma were 

used for these manometric studies. These cells were grown in 

T-60 tissue culture flasks by Dr. Phillips following the tissue 

culture technique of Earle.

When the cell colonies completely covered the floor of 

the flasks, the cells were removed from the culture flasks and 

suspended in Krebs-Ringer-phosphate-glucose solution. A repre

sentative portion of the cell-suspension was c o n t e d  to deter

mine the cell population per cc. of the suspension solution. 

Manometric studies were then made of these Strain L culture 

cells using the standard Warburg respirometer and the "direct 

method.M Krebs-Ringer-phosphate plus 0.1$ glucose was employed 
as the Warburg reaction vessel media.

Approximately 3,000,000 cells were placed into each 

reaction vessel. Readings were made at 15 minute intervals over 

a two hour period. The results were recorded as "Q" which equals 

the ul of oubstance/mg. initial dry weight/hour. The initial 

dry weight of the cells as determined by first, suspending a cell 

colony in 10 cc. of water, counting the cell concentration per 

cc., centrifuging the 10 cc. suspension and then drying the cell 

residue at 100° C . , was found to be 0,685 mg./lO^ cells.

The length of tine (in days) that the culture cells 

remained in the same culture media without renewal of that media, 

was used to indicate the age of the culture. It was found that



1 U

the magnitude and consistence of the manometric valn.es varied 

directly with the "freshness" of the culture media? the "one day 

culture" showing a higher and more consistant Og uptake over 

a two hour period than did the "two day culture;" or than the 

"five day culture," which in turn exhibited a more pronounced 

respiratory decrease than the two day. For that reason the 

"one day culture" was chosen as "ideal" for our metabolic 

determinations.

It was also observed that the culture cells exhibited 

essentially no respiration in a reaction vessel media of Krebs- 

Ringer-phosphate without the 0,1% glucose. Glucose was there

fore included in the Krebs—Ringer-phosphate solution used in 

these manometric studies.

Since one of the objectives of this study was to select 

a standard synthetic reaction vessel media, attempts were made to 

use both the Krebs— Ringer-bicarbonate and Earle*s physiological 

saline. However, because of the HCO^ present in both solutions, 

the direct method in which the CCL is absorbed by alkali could 

not be used. The "indirect method" of Warburg was therefore 

employed. This method depends upon the principle that if one 

has two gases of markedly different solubility, one can measure 

the loss or gain of each gas by comparing the changes in pressure 

when exactly the same reaction is carried on in two flasks with 

markedly different fluid volumes or markedly different gas 

volumes.(30) Due to the extreme manometric variations we ob

tained b y  this method, we considered it undesirable and there—



fore abandoned the bicarbonate solutions and the indirect method.

The tables that appear in the appendix summarized the 

results we obtained from our manometric studies of Strain L 

cells by the direct method.

Table I shows the values obtained for a "one day culture”

in the Krebs-Einger-phosphate-glucose solution. The 02 uptake

(ul Og) per 15 rainute intervals was corrected to represent the

hourly consumption (Qn ) according to the following correction
U2

method:

A _ 60
:0^_ ul 02 at the time interval x  TOtCTVgC'"TK i M . v ,685 tog.

§ cells/cc,

1 , 000,000

From 71 determinations the mean Qq ^ was- found to be

5.2 ul 02/mg» intial dry wt./hour.

Table II expresses the QA found b y  manometric determi-
°2

nations for the "two day culture” run in the same reaction

vessel media. In this experiment the culture cells were left

in the same culture cell nutrient (no new media was added) for

two days before the manometric determinations were made.

From a total of 2U determinations the mean Qn wasu2
found to be h.3 ul O^/mg. initial dry wt./hour corrected as ex

plained above for Table I.

In Table III we see the retarded Qn for cells allowedu2
to live and grow in the same culture cell media for 5 days

before manometric studies were made. From the 56 manometric

values given for a "five day culture" we found the mean Qn to
<2

be I,)i9 Og/mg. initial dry wt./hour.
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In graph I the 0^ uptake for each 1$ minute interval is 

plotted against time over a two hour period« It represents a 

graphic picture of the decrease in Op consumption with the 

increase in culture age and readily explains our choice of the 

"one day culture" for our manometric studies.

Table IV shows the lack of Op consumption by a "one 

day culture" of cells run in a reaction flask medium of Krebs- 

Ringer-phosphate to which the 0.1;i glucose was not added. The

ul Qp/mg. initial dry wt./hour. Taking into consideration the 

possibility of error during the experimental run, we are safe 

in assuming the Op uptake of these cells in Krebs-Ringer-phos- 

phate lacking glucose to be zero.

In Table V the respiratory quotient (R.Q.= GOp produced/ 

02 consumed) is recorded. The first 30 minutes of the experi

mental run on the Warburg apparatus were emitted from the mean 

R.Q. calculation. This early period was ignored to allow the 

cells time to stabilize their respiration and metabolism 

following the sudden environmental change incurred by the transfer 

from the culture flasks to the reaction vessels. It was believed 

that an R.Q. determined during the early part of the experiment 

would therefore not be a true representation of the cells respi

ration and metabolism.

Using the mean ul Op as the denominator, we found the 

mean R.Q. for the 18 determinations to be 0.93b,

Table VI presents the glycolytic extent of these cells as 

measured by the formation of lactate. The lactate formation was
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studied under tliree different metabolic conditions s 1) anaerobic 

glycolysis 2) aerobic glycolysis without CC>2 present 3) aerobic 

with 02 and C02 present.

The anaerobic conditions were achieved b y  displacing

all of the oxygen from the fluids and systems with Mn gas purified

by bubbling through alkaline pyrogallol. The lactate formed was

recorded as Q ^ w h i c h  represents the ul of lactate foraed/mg,

initial dry wt./hour, whore 1 ul =  1/22,U00,000 moles. From

six anaerobic determinations we found the me n  formation of

lactate (u^2) to be 0,73 ul of lactate/mg. initial dry wt./hour.

The aerobic conditions were accomplished by using pure

0g as the gassing element, The C02 produced during the run was

absorped by KOH placed in the center well of the reaction vessels,

with the result tha,t the lactate formation took place in virtually

a pure oxygen atmosphere. From nine determinations we found Q^2

to equal 1.16 ul lactate/mg. initial dry wt./hour.

By omitting the KOH from the center well of the reaction

flasks, the COg produced was not absorped, and thus accumulated

in the flasks. The lactate was forming therefore, not only in the

presence of 0^, but also in the presence of an ever increasing CO^

0o +■ COo
volume to which we gave the designation Q.c , From the three

0o + C 0 9 zo .
determinations we found our Q i c to be O.oo ul lactate/mg.

A

initial dry wt./hour.

From these results we conclude that the Strain L sarcoma 

cells used in this work do not exhibit the malignant metabolism 

shown b y  their ancestors,(2$,26) but possess a metabolic pattern 

resembling that of most normal tissue. This is in agreement with
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the findings of Phillips and Pace#(29) In summary our results 

were i

Q0 = 5.2°2
R . Q . = 0.93U
H,

Qa 2 = 0.73 

q°2 -  1.16 

Q °2*C02 , o.68

I



CHAPTER IV

DISCUSSION

It is a well established fact that a composite meta

bolic picture of malignant tumors reveals a uniform metabolic 

pattern of high anaerobic and aerobic lactic acid formation 

and an R*Q. below unity. It was also well established by Earle 

in 19)43 (20) that cells taken from a host and exposed to a 

hydrocarbon carcinogen, such as 20-methycholanthrene for a 

period of time, will be rendered malignant and will possess 

malignant tumor producing pov/er upon reinjection, Burk, in 

19U3 (23) and again in 19U7 (26), established the metabolic 

pattern of Earle’s Strain L sarcomas and found that their meta

bolism well confoiSned to that malignant tumor tissue.

Since the first isolation by Earle in 19li3 (2 0 ),  Strain 

L cells have been maintained in a continuous cultural state in 

vitro nourished b y  a heterologous media. In 19$0  the cells of 
this strain were found to exhibit morphological changes as well 

as a decreased growth rate. Upon injection of cell colonies 

into the back muscle of C^H male mice, Earle found that the 

tumor producing ability of these cells had likewise deminished.(22) 

The reason for the activity as well as the morphological change 

of these culture cells is not clear, Earle assumes that perhaps 

the continuous existance in a heterologous media may have been 

instrumental in their reconversion to non-malignant cells. This 

is perhaps the most justified assumption, although minor changes 

in technique and the fact that they were over-heated to 1>,1.5>̂ C. 

in 19hh (31) may be of some significance.
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Phillips and Pace (29) in 19Sh studied the respiratory 

behavior of Strain L cells manómetrically and found the O2 uptake 
and the E#Q, of these cells different from that reported by 

Burk (29,26) previously, their results indicating a respiration 

sirailiar to that of some normal tissues. Their manómetrie values 

were obtained using neutralized horse serum as their reaction 

vessel media.

Neutralized horse serum as prepared b y  the method of 

Warren(31), "remains physiologically neutral when equilibrated 

with a CO^ free atmosphere," but the serum is not, however, 

strictly free of bicarbonate. Neutralized horse serum may be 

prepared by treating the horse serum with acid and evacuating 

it to remove the displaced CO«, The pH is then restored to 7»U# 

It is then buffered by adding one part L1/l9 pH 7»U phosphate 
buffer to 10 parts of the serum,(32)

Although neutralized horse senna has the advantage of 

being a more physiological medium than the synthetic saline in 

that it contains the organic as well as the inorganic constiuents 

of interstitial fluid, it however, lacks the ease of preparation, 

the exactness, and the eonsistancy of composition, varying in the 

latter between horses,(33) Since one of the aims of this work 

was an attempt to establish a standard procedure for future 

manómetrie studies, the choosing of a readily reproducible 

reaction vessel medium of known composition was considered 

necessary, therefore neutralized horse serum was deemed unsuit

able because of its variability. Also, most of the work on
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tissue respiration recorded in the literature has been done 

using saline as the reaction vessel media* According to Field 

(33)» "It appears that such differences in oxygen consumption 

as may occur when the respiration of tissue slices is measured 

in Krebs—Finger—phosphate and in serum are quantitative rather 

than qualitative," Dickens and Simer (3) reported that the 

anaerobic glycolysis in horse serum was lower than in Ringer* s 

solution.

In an effort to select the most suitable synthetic 

medium for the manometric determinations, Krebs-Einger-bicarbonate, 

carle’s physiological saline, Krebs—Ringer— phosphate, and Krebs- 

Einger-phosphate-glucose solutions were tried.

The "indirect method" of Warburg was employed in deter

mining the suitability of Krebs-itinger-bicarbonate and Earle’s 

physiological saline. Since both contain HOC)” the principle 

of C02 absorption, as applied in the "direct method," could not 

be used. Because the values obtained by this method were incon

sistant and apparently too extreme, the method and the solutions 

were decided to be unsuitable for our purpose,

We therefore turned to the "direct method" using a 

phosphate solution as the reaction fluid based on the report of 

Dickens and Simer (3 u ) that "the respiration of surviving tissue 

does not suffer when the bicarbonate medium is replaced by 

phosphate," In comparing the two phosphate solutions, the Q

of otrain L cells in the one lacking glucose was found to be 

essentially zero, while the cells in that to which the 0,1%

°2
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glucose had been added exhibited consistent and notable activity. 

Glucose was therefore concluded to be a necessary constituent of 

the reaction vessel medium and might possibly indicate a depen

dence upon carbohydrate metabolism and explain an R.Q. close to 

unity.

It was noted that the culture cells, whose nutrient 

media was renewed on the day prior to the manometric determi

nations (1 day cultures), exhibited a markedly higher and more 

progressive 02 uptake than cells left in their media for a 

longer duration (graph I). This would seem to indicate a more 

active metabolism and also a higher live— dead cells ratio which 

is attributed to the removal of many dead cells during the media 

renewal process* It was also observed, while counting the cells 

on the hymaeytometer, that the cells of a "1 day culture" were 

smaller than those of two and the five day cultures, the cells 

of the 1 day being approximately 10 microns in diameter whereas 

those of the five day were closer to 20 microns in diameter.

This possibly indicated the presence of cells which have more 

recently undergone cell division and are therefore of a younger 

age thus also influencing the metabolic rate and consistancy 

since the younger the cell the more active it is metabolically.

The lactic acid formed was used as an indication of the 

glycolytic extent of these cells, since glycolysis is the bio

logical process by which carbohydrate is transformed into lactic 

ac~_vL. ’.rlycolysis is generally considered under two aspects) 1) 

in the complete absence of oxygen - anaerobic glycolysis, and
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2) in the presence of oxygen - aerobic glycolysis.

anaerobic

carbohydrate ̂  ^ l a c t i c  acid

aerobic 4-

In tli© results of this work we included the values obtained

for the formation of lactate in the presence of CC>2 as well
as O2 which we designated as q °2+ c!02 # We found that the

A
presence of CO2 somewhat hindered the aerobic lactic acid for
mation but the difference was of no appreciable significance.

The normal glycolytic process (3h)> as postulated by 

Meyerhof, is a long chain of enzymatic reactions in which 

glycogen and glucose are converted to pyruvic acid, which in 

turn is converted to lactic acid. Warburg (1) reported that, 

when in normal aerobic glycolysis the reaction is operating 

under optimum conditions, one molecule of respired O2 can pre
vent the appearance of exactly two molecules of lactic acid 

while in malignant tissue the respiration is interferred with, 

thus accounting for the high anaerobic and aerobic lactic 

acid. Although the theory of interferred respiration is 

questioned as the factor causing the increased tumor glycolysis, 

the increased anaerobic and aerobic glycolysis has become firmly 

established as a malignant characteristic. Burk (5) suggests 

the possibility that the reason for the increased formation of 

the glycolytic end product in malignant tumors is due to an 

abnormal glycolytic process, but the exact location and the degree 

of abnormality is not clear.

Conclusions

The glycolytic results, together with the R.Q. which
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indicates the nature of the material being metabolized, obtained

b y  this work for Strain L cells strongly suggests a more normal

than an abnormal glycolysis. Therefore, from an overall composite

analysis of Qn , R.Q., (j^2, and 0^2 we derive a metabolic picture 
u2 A  A

more closely simulating that of normal than of abnormal tissue, 

and conclude that Strain L cells are also me tab ol i call/ dil'fer- 

entiated from malignant tumor tissue b y  possessing a metabolic 

behavior characteristic of most normal tissue.

Comparing the manometrio values reported b y  Burk in 

19ii7 (26) and Phillips and Pace in ly'5U (29) with those re

ported in this work, we note a closer similarity between the 

latter two,in that Phillips and Pace likewise noted a metabolic 

pattern characteristic of most normal tissue exhibited by present 

day Strain L.

BURK PHILLIPS THIS -iORK

Strain Strain Strain
L L L

slices cells cells

ti°=
7.7 U.3 5.2

R*Q* 0.33 1.09 0,93

<{*
A

12.0 — 0.73

Q°2
A

5.6 — 1 • jLo

Using the consistent values obtained from this work as a 

basis for choosing the most practical method in illustrating our 

manometric determinations and establishing results for future
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m n o m e t r i c  comparisons, we selected the "direct method" of Warburg 

-i-i.n Krebs~Rlnger—phosphate-glucose solution as the reaction vessel 

media; the "1 day culture"; the corrected value,d., to calculate 

the ul COg produced as used in the R„Q* determination; and the 

modified procedure of Summerson and Barker in determining the 

lactate formed.

The establishment of a consistent standard manometric 

technique was desired in the anticipation that ouch would be 

of useful importance in future determinations as a common basis 

.-Or the classificatxon and comparison of norma*! and malignant 

tissue.

1



CHAPTER V

SUMMARY

Manómetrie studies using the Warburg respirometer were 

made of Earle's Strain L cells cultured in vitro. Approxi

mately 3,OCX),000 cells were placed in each reaction vessel, 

and the results recorded as "Q" = ul of substance/mg. initial 

dry weight/hour.

The direct method of Warburg with Krcbs-Ringer-phos-

phate-O.lSi glucose solution in the reaction vessel was used.

All studies were made on "1 day cultures" since their

metabolic activity was found to be more pronounced and constant

than that of two or five day cultures.

The results observed suggest cells having normal

respiration and metabolism, with a Q  of 5.2, an R.Q, of 0,93,
°2

and a low aerobic and anaerobic glycolysis. Using these results 

compositely, these cells do not meet the malignant tumor meta

bolic schema.

In short, we found values for Strain L cells indicating 
a normal metabolic behavior and therefore cells which have 
passed through a cycle of norm a l -2S££i522®S»malignant— »normal. 
A precise explanation for the last differentiation remains
obscure
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