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CHAPTER I 

INTRODUCTION 

The placenta performs several functions du:i;-ing pregnancy, Such 

functions include serving as; an area through which substances from the 

maternal circulation can pass to. the fetal circulation and visa ve'):"sa 

<Hagerman and VU lee, 1960). Another :!:unction is to produce and or mod

ify hormones (Diczfalusy, 1964). Little is known about the mechanisms 

initiating parturition. The placenta is a transient organ that goes 

through definite biochemical (Villee, 1956) and mo'):"phological (Wislocki, 

1956) changes during gestation. Suggestions that the placenta, as a 

consequence of plac;:ental senescence with regard to some aspects of carbo

hydrate metabolism (ViUee, l 956), may be the site from which parturition 

is initiated, are due for re-evaluation in light of more recent studies 

on placental carbohydrate (Walker et al., 1967) and steroid metabolism 

(Diczfalusy, 1964). Unique functions of the placenta appear to be the 

aromatization of estrogens and the production of prote:Ln gonadotrophins, 

which, either directly or indirectly, serve to maintain uterine condi .. 

tions that are appropriate fo:r gestation and then the expulsion of the 

fetus (Page, 1967). 

Theoretical consideration suggests that the total ene'):"gy require

ments of the placenta would be the sum of energy requirements for all 

specific functions the placenta contributes in &estation plus energy 

required for·placental maintenance. Changes in placental function could 

1 
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be expected to result in changes in placental energy requirements. Thus 

quantitation of oxygen uptake at various stages of gestation might be 

used as an index of functional changes that occur in the placenta as 

gestation approaches term. 

The studies reported here were designed to determine functional 

changes that occur in the bovine placenta from the sixth month of gesta

tion to term. 

Materials and methods are presented in more than customary detail 

in order that.the thesis might have some value as a reference source for 

any future manometric studies of attachment site tissues of the bovine 

placenta. 



GHAPTER 11 

REVIEW OF PERTINENT Ll!ERATURE 

Hellman et li• 0950) .!;lnc;l Campbell it al. (1966) credit the Urst 

few attempts to measure oxygen uptake by the placenta to Rech (1924), 

I<urstner and Sudentopf (1929), and Budelmann (1929), all of whoin used 

human placenta and a techniq1.,1e·whereby the organ was.perfused with blood 

containing a known.amount of oxygen. Mariom~tdc techniques on the War .. 

. burg apparatus were fir,t employed to study placental oxygen uptake and 

carbohydrate metabolism by Murphy and Hawkins (1925) and Loeser 0932). 

Since then many other workers have used similar manometric techniques 

eithet' alone or !i.n combination with techniques measuri!lg other parameters 

of placental metabolism (Wang a11d Hellman, 1943; James $ll. al,, 1948; 

Hellman .fil. g., 1950; Villee, 1953, ·1956; Kyank, 1954; MacKay, 1958; 

Friedman and Sachtleben, 1960; Page, 1960; and Baird, 1963). Recently 

oxygen uptake by individual placental cotyledons in .Y!.Y2. has been meas .. 

ured in the ewe by infusion techniques (Campbell .et al., 1966). 

Comparisons of absolute value1:1 f01;: oxygen upta.ke from the different 

studies are diff;i.cult to make because of variations in experimental pro

cedures, particularly with regard to species, gas pha:;e, buffer system, 

age of tissue and manner of t;.issue preparation. Preferred .buffer systems 

for oxygen uptake by placenta tissue utiUze phosphate at pH 7.4 as the 

primary buffe'l;"ing e.gent (Hellman .~· al., 1950; Vil lee, 1953; Friedman and 

Sachtleben, 1960). Both human and rat placenta tissue show var;i.ations 

3 
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in glucose uptake, lactic aqid production and response to adrenaline de

pending upon whether a bicarbonate or phosphate buffer is used (Ginsburg 

and Jeacock, 1967). Stad:Le.;Riggs !?reparations have been used by at least 

two groups of investigators (Villee, 1953; Friedman and Sachtleben, 

1960), while teased preparations have been used by others (Hellman et 

al., l950;Macl<ay, 1958). Baird 09~3) used chopped placental tissue 

suspensions. Campbell et al. (1966) used isolated intact cotyledons in

fused in vivo. Representative values for oxygen uptake by term placenta 

tissue reported in the varioµs studies are 2 µ1/mg dry wt/hr (Friedman 

and Sachtleben, 1960) and 3 µlhng dry wt/hr <Hellman et al., 1950) for 

human placental tissue, 0.3 µ1/mg tisl;lue dry wt/hr (Baird, 1963) for cow 

placental tissue, and 0.6 µ1/mg tissue dry wt/hr (Campbell et, al., 1966) 

for sheep J;>lacental tissue. In the last case the authors acknowledged 

that their estimate was probably low. 

Use of atmospheric gas instead of ga$ phases with high oxygen con

tent has been reported to cause an 8% to 16% decrease in oxygen uptake 

(Friedman and Sachtleben, 1960). 

Data obtained by Friedman and Sachtleben (1960) indicate that sample 

aging may be of significap.t importance in metabolic studies o:l; the human 

placenta. Their oxygen uptake rates show a parabolic decrease as time 

from sample collection increases. The progressive loss of oxygen uptake 

rose sharply at first (10,4% the first hour) but gradually diminished 

toward a plateau of 42.5% reduction from the initial ~etabolic activity. 

Though refrigeration at 5° C retarded loss of oxygen uptake somewhat 

(from 16.1% the first hour at 37° C to 12.4%), they considered data from 

stored tissues to be of questionable value. 



CHAPTER lit 

MATERlALS ANP METHODS 

Ti•sue Collection 

Fetal (cotyledonary) and maternal (caruncular) tissues were cql ... 

lected from cows at slaughte-r.· The time interval between administration 

of the stunning blow and placin$ the tissues on ice ranged from. 15 to 40 

minµte1;1. On obtaining the uteru1;1, an incision on the outside curve of 

the pregnant horn was ma.de and the fetur:, pulled out. . The age of the 

fetus was estimated using crown rump.measurement and fetal development 

crite1ria by Roberts (l 956). The umbilical cord was grasped and th~ pla

centa an~ uterus were turned insic,ie out. Attachment sites which had good 

vascularizaUon and which were adjacent to the principal arteries and 

veins were selected for collection. The cotyledon was separated from 

the caruncle before collection. Following separation, the cotyledon and 

caruncle tissues were cut free from the remaining tissues and were imme...; 

diately placed in cold 0.9% saline 050 ml) in 18 ounce polyethylene 

sample bags (Whirl-Pak) 1 from which excess air was removed. The sample 

bags were then sealed and buried in·ice. Transport of the tissues from 

the slaughter house to the laboratory required from 75 to 105 minutes. 

1w. H. Curtin and Co., Tulsa, Okla. 

5 



Tissue Preparation 

Preparation gi Fetal Tissue 
I 

Intact llill· A .too or 200 ml ro1.,1.nd.,.bot;tomed fLask was covered with a 

pape',I;:' towel which was helc;l :i,.n place over the round end by elastic bands 

placed around the flask neck. The separated fetal tissue was recovered 

from the cold sal:l,ne a.,:id draped,, with the villi out, over the round~ 

bottomed 'flask.· · The flask was then turned to a horizontal position and 

cold saline poured over the villi to orient them ,in a single direction. 

Using scis$ors and beginning at the upper edge, villi were cut of:I: at 

their b1:1,ses. Cold, sal:i.ne was used to wash the cut vi.lli i:nto a Pet-ri 

d:i..sh resting on ice. Approxi~ately 4 to 6 medium .. si,zed villi were al-

lowed for each reaction vessel~ 
• p • • • 

Chopped Yilli Sy.spension. Preparatiop of chopped tissue suspension was 

done with the a.id. of the Mcllwain Tissue Chopper2 . as described by .Baird 

6 

(1963). Intact;. villi preparations were made as described above and then 

chopped into 0.156 mm slices by.the Mcllwain Chopper3• Theitissues were 

chopped in two direct:i,ons, the second direction at 90° from the first. 

Tissue suspension for the individ,ual reaction vessels was obtained by 

2M. Mickle~ Gomshaw, Su~rey, England. 

3A doubled-edged stainless steel razor blade (Gillette) mounted in 
the holding fixture served. as the cutting edge. The cutting edge of the 
razor blade is approximately 3.5 cm long, therefore the tissues to be 
chopped should lie within a 3 cm2 area. Satisfactory chopped.tissues were 
obtained by placing the tissues on a 6 x 6 cm x 0.75 mm thick (3 single 

· sheets) pad of saline-soaked paper towels (Garland, Sof-Knit, Single Fold · 
Towels, Fort Howard Paper Co,, G:i;-een Bay, Wisc.). The.paper towels should 
be firmly pressed together between the palm of the hand and the table top 
before the tissues a?;"e placed on the pad. Fa;ilure to obtain a satisfac
tory cutting pad results in either incompletely c1.,1.t ti,ssues or extensive 
amounts of chopped paper toweling in the tissue preparation. 
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placing approximately 250 mg chopped tissue in 3 ml 0.9% saline at o° C 

in 10 x 1 cm culture tubes. The tubes were shaken by hand to obtain an 

even suspension.· A Pasteur Pipette, precalibrated for 1.5 ml with the 

tip broken off and :Eire-polished to provide a 3 mm diameter opening, was 

inserted into the suspension and 1. 5 ml suspension withdrawn. The sus

pension was then emptied in a l;'eaction vessel containing 1.5 ml Baird

(KOH) or Baird-(NaOH) buffer at pH 7.4 (see Appendix A). 

Preparation of Maternal Tissue 

Caruncular Slices. The caruncle wa.s placed with the medullary portion 

down on a double. layer of paper toweling soaked in cold saline and a por

tion of the tissue cut out that was approximately 5 cm long, 1.5 cm wide 

and as deep as the tissue was thick. Excess connective and vascular 

tissues in the medullary portion were trimmed off. Slices of maternal 

tissue were cut in the Stadie-Riggs Hand Microtome4 in such a manner that 

they were approximately 5 cm long and contained both central and outer 

cortical tissue. , The thickness of the slices was approximately O .5 mm. 

Care was taken not to apply excess pressure on the microtome. Slices 

were removed from the microtome and placed in a Petri dish containing 

cold 0,9% saline and resting on ice. Large fragments of fetal tissue 

appearing in the maternal slices were removed as gently as possible. 

Appro~imately 2 slices of the prepared tissue were placed in a reaction 

vessel. 

Chopped Caruncll? Suspension. Initial steps for preparation of chopped 

caruncle suspension were identical to those described for the preparation 

4Arthur H. Thomas Co., P.O. Box 779, Philadelphia, Pa. 
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of caruncular slices except that slices 3 to 4 mm thick were cut using 

the Stadie·Riggs Microtome. These slices were then chopped using the 

same techniques as with fetal tissue. Tissue suspensions in the reaction 

vessels we"J;"e prepared with the same techniques employed with fetal tissue. 

·. Reaction Vessel Preparation 

F:i,l ter paper (Wl)atP1an 4Fl, chromatography g1;ade) wicks 2. 5 x 1, 3 x 

1.3 cm were folded into accordion shape and placed in the center well of 

all reaction vessels. A thin coating of petroleum jelly was applied to 

the upper inside surface of the well above the wick. Petroleum jelly

greased stop-qocks were placed in the shut position in the sidearm open

ings of all reaction vessels and held in place with elastic bands. With 

minimum delay, freshly prepared buffer (3 ml, room temperature, see Ap

pendix A for buffer preparation) was pipetted into the appropriate reac

tion vessels; following this O .1 ml 20% KOH was placed in the center well 

using a 1 cc tuberculin syrin$e• J.f til,;lsues were added they were put 

into the reaction vessel just before addition of the 20% KOH. Reaction 

vessels were affixed to the respirometer as soon as possible after addi

tion of the KOH. Variations in reaction vessel preparation were insti

tuted in cases where the experiment/3.l design called for it and are noted 

in Results. Unless otherwise specified, the term ''control reaction ves

sel" refers to a reaction vessel that contained all required materials 

except the tissue. Reaction vessels which received tissue suspensions 

received only 1. 5 ml buffer. The 1. 5 ml of tissue suspension added to 

the 1.5 ml buffer brought the fin!;!.l fluid volume in reaction vessels with 

suspensions to 3 ml. 
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Preparation and Incubations on the Gilson Respirometer5 

Two Model G20 Gilson Medical Electronics. differential respirometers6 

were available for the studies. on placental respiration. Regardless of 

the gas phafle employed, water bath temperatures were set at 37° C and the 

bath allowed to ~quilibrate for a. minimum of 1 hour with the stirring 

motor on. ·Frequency of the shaking arm was set at 160 cycles per minute 

· with a st:r;:'oke length of 1 cm. Micrometers were set at an ;initial reading 

of 100. . The ad~ustable index lines were placed so the meniscus of the 

manometer fluid rested on top of the black line. Prior to each use, the 

manifold side of the manifold-reaction vessel joint was coated with a 

layer of petroleum jelly. 

Time zero of an incubation was marked when vessels.were lowet.'ed as 

simultaneously as possible into the :37° C water bath and the shaking 
. . . 

. . . 

motor turned ori. A 15 m:i,nute equilibration period was allowed with the 

gassing inlet valve and master valye lever in the lip position assuring 

that the operating valves were open. Equilibration was terminated by 

closing the gassing manifold valve arid. simultl;l.Ileously pushing the master 

v.alve lever down thereby closing all the operating valves. 

Changes in gas volume were recorded at 15 minute intervals over 

1 1/2 hours. Approximately 1 minute prior to reading time the manometer 

fluid meniscus was adjusted to slightly above the indicating line. Then, 

at the exact reading time, f:i.nal adjustments were made. Becau.se of the 

5The Model G20 Gilson respirometer has components composed of Tygon 
tubing. The significance of Tygon tubing with regard to oxygen uptake 
assays is discussed. in detail in Chapter V, "Discussion". 

6Gilson Medical Electronics, 3000 West Beltline Highway, Middleton, 
Wisc. 
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common reference flask, vessels with considerable changes in gas volume 

had tobe adjusted to their original position, or their change in volume 

was reflected in the readings of other vessels. Counting equilibr$.tion 

time, reaction vessel$ were in the water bath for 105 minutes. Vessels 

with malfunctions occur:i.ng during. the run were closed off by closing the 

front lever of the disconnecting valve, 

An incubation was terminated 1:)y opening the gassing manifold valve 

and opening the master valve lever. Vessels were l;ifted from the water 

bath and examineo for evidenc·e of leakage before being dismounted. 

Incubation Procedures on the Warburg Apparatus 

Calibration of the respi.rometers at the 1507 m~rk was done with 

mercury as described by Umbrei t; il .fil.• (1964). Calculations for flask 

constants were performed as suggested by Umbreit et al. (1964). Brodie's 

Manometer Fluid (l)mbrei t et .ru,.., i 964) was used in the manometers. Water 

bath temperature was regulated at 37° c. 8 Reaction vessels were shaken 

at 132 cycle~ per minute with a stroke length of 1.4 cm measured at the 

level of the reaction vessel. 

When .a gas phase of atmosphere was used respirometers were allowed 

to equilibrate 15 minutes w;i.th the reaction vessels immersed in the 37° 

C water bath accompanied with shaking and with the manometer stopcocks 

open. Sidearm stopcocks -were in the closed position and remained so. 

At the. end of the equilibration period the manometers were checked to 

7Experience sho-wed calibration to the 200 or 250 mark would have 
been preferable •. 

· 8water baths of both the Gilson and Warburg respirometers were with
in O .1 ° C a·f each 0th.er when measured by the same thermometer. 
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make sure the menisci of both manometer fluid columns were at the 150 

mark a.nd the left meniscus was read, then the stopcocks were closed. 

In experiments involving reaction vessels that contained gas phases 

other thll,n.atrnosphere, the reaction vessels were mounted with sidearm 

stopcocks open and with the manometer stopcock open vertically. 9 Reac-

tion vessels not, to be gassed were mounted with the sidearm stopcocks 

closed and the manometer stopcocks open to the side outlet. When all 

respirometers were on the apparatur;;, a manifold was attached at the top 

opening of all manometers and the gas turned on sufficiently strong to 

cause a 100 to 150mm rise in the Brodie's solution. Individual reaction 

vessels were checked to see if they were flushing by turning their stop-

cocks to an off position. lf the vessels were flushing, that is if the 

sidearm stopcocks were open, so as to permit gas to flush through, then 

the manometer fluii;l.. returned to equal he:i.ghts immediately; if nqt,. that 

is if the sidearm stopcocks·were closed, thereby preventing gas to flush 

through, the p:i;essure was maintained. 

At the end of 10 minutes flushing the gas was turned off at the tank 

and the gassing hose disconnected at the tank. Sidearm stopcocks were 

then inunediately closed. Five minutes equilibration was then allowed 

through the gasl'?ing manifold and hose. When equilibration time was com-

pleted, assay procedures proceeded exactly as described for the Warburg· 

apparatus using atmosphere as the gas phase. 

9Wben mounting these respirometers if the respirometer is viewed 
from the top the viewer should be able to see down tl)rough the stopcock 
hole and to the Brodie's solution beyond. Respiromei::ers that are not to 
be gassed are mounted so that as the operator looks in the side opening 
of the manometer top, the hole of the stopcock should be seen and should 
open on the other enc;l to the space above the Brodie's solution. 
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Sample :eroceseing Following Incubation 

As the vessels were dismounted,. excess petroleum jelly and water 

were wiped from the reaction vessel neck. Center wells of the discounted 

flasks were packed with strips of d:tsposable wipers. lo Intact villi or 

slic:ed tissue ;i.n the ieaction vessels was removed with the aid of small 

pointed forceps and given two rinses in distilled water.contained in 

Petri dishes. A,fter the rinses in distilled water the tissue was blotted 

on paper toweling and placed in taredll vials (discal;'ded liquid scint:i,1-

lation vials) which were then placed for 18 hours in a drying oven at 

. 0 . 
110-12.0 · C. At the time the weighted vials were retnoved from the drying 

oven they were corked with polyethylene corks12 and placed immediately. 

into a desiccator for cooling~ A minimum of 4 hours was allowed for 

cooling before dry weights were determined. 13 

Buffer solution remaining in the reaction vessels after removal of 

tissue was decanted into 1 x 7 cm vials (discarded Sigma DPNH vials) for 

10Type 900, Kimberly-Clark Corp., Neenah, Wisc. 

llAll weights in the experiments were determined on a Mettler Bal
ance, Model B6, and could be estimated to the nearest 0.01 mg. Mettler 
Instrument Corp., Heightstown, N. J. 

l24;i polyethylene stoppers,. cap type, W. H. Curtin and Co., Tulsa, 
Okla. 

13An important detail in obtaining repeatable weights consisted of 
loosening the polyethylene co-rks to release the vacuum occurring in some 
of the cooled vials. Fa:i,.lure to release the vacuum resulted in weights 
1.-5 mg l:ighter than expected. This phenomenon was first noticed when 

· control vials showed incon.sistent weights, 
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pH determination. 14 

Atmospheric pressure and water bath temperature were noted at the 

beginning and end of each run. 

Procedures for using gas phases of either 95% 02 ... 5% co2 or 95% N2-

5% co2 in the Gilson respirometer are given in the footnotes to Tables I 

and II. 

Calculation of Gilson Respirometer Data 

The quantity of gas change for an hour in a particular experimental 

reaction vessel was obtained by subtracting the 30 minute micrometer 

reading from the 90 minute reading. The average change of control ves-

sels over the same period was then added or subtracted from the experi-

mental vessel to give a corrected hourly gas change. The following for

mula15 was used for converting corrected hourly gas change to standard 

conditions: 

where 

(273)(pb ~ 3 - Pw) 
(corrected reading) (t + 273 )( 760 ) = STP µ1/hr 

t = water bath temperature 

= barometric pressure (with 3 being subtracted to compensate 
for the specific gravity of Hg at room temperature) 

= p'):'ess\,lre of water vapor (at 37° C the value is 47 .1). 

14coteman Metrion II pH meter fi,tted with a Coleman 3-650 electrode, 
combination tripurpose. Standardization of the meter was performed at 
2 pH's, pH 4.0 (Coleman certified buffer tablets Catalog No, 1-020), pli 
7 (Buffer Solution, W. H. Curtin and Co., Tulsa, Oklahoma) Coleman 
Instru., Inc., Maywood, Ill. 

lSAdapted from Gilson Medical Electronics, undated instruction manual. 
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The STP µ1/hr value was then divided by the tissue dry weight to give 

ST:e µ1/mg tissue dry wt/hr. 

Calculation of Warburg Apparatus Data 

Data obtained from. the Warburg apparatus were converted to ST:e µ1/mg 

tissue dry wt/hr with the procedures of Umbreit ~ al. (1964) with the 

exception that both thermobarometer and experimental reaction vessels 

were multiplied by their respective flask qonstants before the experi-

mental reaction vessel was corrected for the thermobarometer reading, 

thus eliminat;i.ng the error ste~ing from differences in flask constants 

between reaction vessels. 

Determination.of PE;ir Cent Dry Weight 

fresh tissues, either caruncula.r slices or intact fetal villi prep-

arations, were blotted on paper toweling and placed in individual pre-

weighed vessels and weighed to the nearest O.l mg. Tissues and weighing 

•. 0 
vessels were then placed in a drying oven at 110-120 C for 18 hours. 

After 18 hours the tissues and vessels were removed from the ovenl 

1,oosely capped and placed in a desiccator for cooling, after which 

weighing was repea.ted. 16 The dry weight was divided by the wet weight 

and multiplied by 100 so that the final value represented dry weight a.s 

a per cent of the wet weight. 

16An important detail in obtaining repeatable weights consisted of 
loosening the polyethylene corks to release the vacuum occurring in some 
of the cooled vials. Failure to release the vacuum resulted in weighing 
1-5 mg lighter than expected. This phenomenon was first noticed when 
control vials showed inconsistent weights. 
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Othet Considerations 

To obtain data on changes in oxygen upta~e by the placenta at dif

ferent stages of gestation an !!l vitro assay was used. The Gilson dif-

·ferential respirometer was chosen in preference to the Warburg apparatus 

for assaying oxygen uptake for several reasons. Two Gilson respirometers 

were available providing a total of 40 reaction vessels as opposed to a 

single Warburg apparatus havirig 20 reaction vessels. In studies involving 

the effects of storage on tissue, or when comparisons between immediately 

preparttixn and postpartum samples ar~ needed, a large assay capacity in a 

given time interval is mandatory. Mounting and immersion of reaction 

vessels on the Gilson respirometer are simpler and more rapid than on 

the Warburg appartus. Closing and opening of valves of all reaction ves-

sels can be perfoI'!Iled simultaneously on the Gilson respirometer which 

facilitates operating two respirometers simultaneously, Operation of 
the Warbµrg apparatus requires opening and closing of reaction vessels 

valves be done to each vessel indiv;i.dually and is a. time-consuming oper

ation at a critical time. The reaction vessels on the Qilson respirometer 

are interchangeable and do not require calibration whereas those of the 

Warburg apparatus are not and require calibration. On the Gilson respir

ometer read out is faster than on the Warburg apparatus. 



CHAPTER IV 

RESULTS 

Evaluat~on of the Oxygen Uptake Assay 

Three aspects of the assay system were studied: (1) gas phase in 

the reaction vesseh; (2) buffer used as the suspending medium; and (3) 

tissue preparation and storage time •. 

Gas Phase in the Reaction Vessels 

· E,ctensive volume changes in the gas phase of control reaction ves-

sels occurred when the Gilson (}ifferential respirometer was gassed with 

95% 02-5% co2 (Table I) or 95% N2-5% co2 (Table 11). Comparatively small 

gas volume ch,;:l.llges occurred in the Gilson respirometer when atmosphere 

is the gas phase (Tables Ill and IV). 

A comparison of data obtained from the Gilson respirometer with data 

from the Warburg apparatus when both types of respirometers were operated 

with gas phases of atmosphere (Table V) indicated no obvious differences 

of oxygen upt'9.k~ by bovine placental tissues. Because of Tygon tubing 

components of the Gilson respirometerl, experiments to evaluate the 

effects on oxygen uptake by attachment site tissues under atmosphere as 

opposed to 95% o2-5%C02 as a gas phase were performed on the Warburg 

1Details on the significance of Tygon tubing components of the Gil
son respirometer are presented in Chapter V, "Discussion". 
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TABLE I l 

GAS VOLUME CHANGES RECORDED FRCM CONTROL REACTION VESSELS MOUNTED ON GILSON DIFFERENTIAL 
RESPIR<l-1ETERS AND GASED WITH 95% 02-5% co2 2 

Contents of Respir- Cumulative Changes in Gas Volume at 10 Minute Intervals Expressed 
Control ometer n in u 1 + Standard Error3 
Vessels 10 20 30 40 50 60 

empty E 4 -7.8:!:_1.0 -10.9 :!:. 1.4 -12.6 :!:. 1.6 -17. 7 :!:. 1.4 -20.5 .:!:. 1.0 -24.5 + 0.9 

G 2 -3.0 + 1.2 -3.5 + 1.5 -3.0 .:!:. 2.8 -2.0 :!:. 5.2 -5.8 + 5.4 -6.8 + 6.0 

0.1 ml 10% KOH in E 5 164.0 + 9.2 181.6 + 10.6 182.4 .:!:. 12.0 180.8 :!:. 13.0 176.8 .:!:. 13.7 173.0 + 14.4 • 
center well 

G 3 168.6 .:!:. 5.7 185.2 .:!:. 10.0 189.8 :!:. 13.0 188.6 :!:. 15.0 184.5 .:!:. 17.1 181.9 .:!:. 17.3 

2 ml Krebs-Ringer E 5 -2.2 .:!:. .7 -6.3 .:!:. 1.6 -10.4 + 2.1 -17.6 + 2.0 -24. 7 + 3.1 -31.5 + 3.4 
phosphate Ca++ free 
buffer pH 7. 4 G 5 -3.7 .:!:. 1.1 -6.6 :!:. 2.7 -12.2 + 3.3 -18.l :!:. 3.9 -23.7 :!:. 4.6 -29.4 :!:. 4.8 

2 ml Krebs-Ri~ger E 3 -3.6 .:!:. 1.8 -10.2 :!:. 2.2 -16.2 :!:. 2.8 -23.4 :!:. 3.7 -31. 4 :!:. 4.4 -38.0 :!:. 4.8 
phosphate Ca free 
buffer pH 7.4; 0.1 ml G 3 -1.3 :!:. 2.5 -4.6 :!:. 4.0 -9.8 :!:. 5.0 -15.8 :!:. 6.2 -21.5 :!:. 6.9 -25.4 :!:. 8.2 
ml 10% KOH in center 
well 

lData of Tables I, II, and. Ill, are presented for comparative purposes in Table IV. 

2r,;,o Gilson respirometers, E and G, both the same model, were tested separately. Five of the 20 reaction vessels of each 
respirometer were distributed at random to each of the 4 treatments. Reaction vessels were mounted and immersed with sidearm 
stopcocks open. Ten minute gassing was done via the gassing valve; the gas was then turned off at the tank and the sidearm stop
cocks closed. After 5 minutes equilibration with the gassing valve open, the gassing and operating valves were closed. There
after readings were made at 10 minute intervals. Water bath temperature was 37° C. 

3calculated using method of Mantel (1951). 

I-' 
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Contents of 
Control 
Vessels 

empty 

0.1 ml 1D% KOH in 
center well 

2 mt Krebs-Ri~ger 
phosphate Ca free 
buffer pH 7.4 

2 ml Krebs-Ri~ger 
phosphate Ca free 
buffer pH 7. 4; 0.1 ml 
ml 10% KOH in center 
weU 

TABLE Ill 

GAS VOLUME CHANGES RECORDED FROM CONTROL REACTION VESSELS MOUNTED ON GILSON DIFFERENTIAL 
RESPIROMETERS GASED WI Tii 95% N -5% CD 2 

Respir-
ometer n 

E 5 

G 5 

E 5 

G 5 

E 5 

G 5 

E 5 

G 5 

2 2 

Cumulative Changes in Gas Volume at 10 Minu~e 1-ntervals Expressed 
in ul + Standard Error~ 

10 20 30 40 50 60 

0.2 .! 0.2 4.3 .! 1.4 7.4 .! 1.5 11.5 .! 1.6 12.6 .! 1. 9 17.7 + 2.1 

9.4 .! 4.0 18.6 .! 5.7 27. 4 .! 7. 7 34.8 + lD.O 40.9 + 11,4 46.5 + 12.l 

Within 40 minutes, all reaction vessels registered more than 200 ul change, the capacity of 
the system under these circumstances. 

2.3 + 0.8 5.2 + 1.5 4. 9 .! 1. 7 5.4 + 2.3 4.9 + 2.3 3,6 + 2.1 

7.2 .! 1.3 12.3 + 1.1 14.7 + 0.9 15.9 + 1.0 16.7 + 1.3 16.5 + 1.3 

Within 20 minutes all reaction vessels registered more than 200 µl change, the capacity of 
the system under these circumstances. 

1Data of Tables I, 11, and Ill, are presented for comparative purposes in Table IV. 

2Tl,o Gilson respirometers, E and G, both the same model, were tested separately. Five of the 20 reaction vessels of each 
respirometer were distributed at random to each of the 4 treat~ents. Reaction vessels were mounted and immersed with sidearm 
stopcocks open. Ten minute gassing was done via the gassing valve; the gas was then turned off at the tank and the sidearm stop
cocks closed. After 5 minutes equilibration with the gassing valve open, the gassing and operating valves were closed. There
after readings were made at 10 minute intervals. Water bath temperature was 37° C. 

3calculated using method of Mantel ( 1951). 
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TABLE III1 

GAS VOLUME CHANGES RECORDED FRCM CONTROt REACTION.VESSELS MOUNTED ON GILSON DIFFERENTIAL 
RESPIRCMETERS wrm A GAS PHASE OF ATMOSPHERE2 

Contents of 
Control 
V.e_ss~lE; 

empty 

O.l ml 10%.KOH in 
center well 

3 ml Krebs-Ri~ger 
phosphate Ca free 
buffer pH 7.4 

3 ml Krebs-Ringer 
phosphate Ca++ free 
buffer pH 7.4; 0.1 ml 
10% KOH in center well 

Respir-
ometer 

E 

G 

x 

E 

G 

x 

E 

G 

-
x 

E 

G 

x 

Trial n 

1 2 
2 l 

l 2 
2 2 

1 2 
2 3 

1 3 
2 2 

1 2 
2 2 

l 2 
2 2 

1 3 
2 3 

1 3 
2 3 

Cumulative Changes in Gas Volume at 15 Minute Intervals 
Exeressed in ul ~ Standard Error3 

15 30 45 

4.1 :!: o.s 4.6. :!: 0.2 4.6 .! 0.9 
4.0 4.1 7.5 

7.7 !. 1.4 8.8 !. 1.6 9.1 .!. 1.3 
7.0.;tl.4 7.8 + 0.2 81 2 .:t o.o 
5.7 !. 0.9 6.3 .!. 1.2 7.4! 1.1 

9.8 .:!: 1.7 11.2 ! 2.0 10.6 .!. 7.1 
12.0 :.!: 0.9 10.7 ! 0.8 10.3 .!. 1.8 

23.2 .:!: 4.2 22 •. 8 ! 5.6 20.6 .!. 6.1 
12.4 ± 2.3 12.z .± 1.1 8.5 + 2.5 
14.4 .:!:.. 3.4 14.4 .!. 3.0 12.5 .!. 2.3 

-1.0 :.!: 0.9 o.o ! 0.7 0.7 .!. 0.8 
0.4 .!. 0.6 1.6 .!. o.6 2.5 .!. 1.4 

5.8 .!. 0.3 7.1 .!. 0.2 8.1 ! o.o 
2.5 ;!;. 0.1 4.3 .± 0.8 4,6 ± 1. 7 
1.9 !. 1.7 3.2 .!. 1.8 4.0 ! 1.8 

-3.5 !. 0.7 -5.4 ! 0.1 -6.3 ! 0.6 
-3.2 !. o.8 -6.4 ! 1.2 -7.2 !. 1.4 

-0.3 .!. 0.1 -3.0 .!. 0~2 -3.4 ! 0.2 
-1.7 ;!; 0.5 -3.9 ± 0.7 -5.5 :!:. 0,5 
-2.2 :.!: 0,8 -4.7 ! 0.8 -5.6 ! 0,7 

1nata of Tables I, II, and III, are presented for comparative purposes in Table IV, 

60 

3.7 ! 1.3 
6.1 

9.1 !. 1.3 
8.2,;1;0.1 
6.8 .!. 1.4 

9.9 .!. 8.8 
7.9 ! 1.3 

19.6 .!. 6.9, 
7.2 .± .2.3 

11.2 .!. 3.1 

1.7 ! 0.2 
3.5 .!. 0.2 

9.0 .!. o.o 
4.7~2.4 
4. 7 .!. 1. 8 

-6.9 + 0.9 
-7.6 ! 1 .• 0 

-4.0 ! 0.5 
-5. 7 ±. 0.4 
-6.0 .!. 0.9 

2Two Gilson respirometers, E and G, were tested twice independently. Five of the 20 reaction vessels of each respirometer 
were distributed at random to each of the 4 treatments. Details of assay procedures are given und~r Materials and Methods. 

3calculated using the method of Mantel (1951). I-' 
\0 



TABLE IV 

SUMMARY OF GAS VOLUME CHANGES IN CONTROL REACTION VESSELS ON THE GILSON DIFFERENTIAL 
RESPIRCMETER FOR THREE TYPES OF GAS PHASES 

Contents .of 
Control 
Vessel 

empty 

O. l ml KOH in 
center well 

2-3 ml Krebs-Ringer 
++ phosphate Ca free 

buffer, pH 7.4 

O.l ml KOH in center 
well; 2-3 ml Krebs
Ringer phosphate ca++ 
free buffer., pH 7. 4 

95.% Or5% C02 

-15.6 ±_ 8.82 

177.4 .:!: 4.4 

-30.4 !. 1.0 

-31. 7 + 6.3 

. . 1 
Gas Phase 
95% N2 -5% C02 

32.l ±_ 17.4 

more than.· -200 .o 

10.0 + 6.4 

more than -200.0 

Atmosphere 

6.8 .:!: 1.4 

11.2±_3.l 

4. 7 ± 1. 8 

-6.0 + 0.9 

1The design of the Gilson differential respirometers is such that only one type of gas phase can be 
employed at one time, therefore the experiments could not include a design where all three gas phases were 
tested simultaneously on the same respirometer. 

2All values are expressed in µl .:!: standard error and represent total changes for 60 minute incubations. 
Procedures for the experiments are footnoted to Tables I, II, and III. tv 
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TABLE V 

OXYGEN UPTAKE1 BY PLACENTAL ATTACHMENT SITE TISSUES ON TWO TYPES OF RESPIROMETERS 
UNDER A GAS PHASE OF ATMOSPHERE 

Month of Pregnancy 6 7 8 

Cow 1 2 3 4 5 6 7 

Respirometer Tissue n 
.. ··~·- ----

Warburg Cotyledon 3 3.0 ! .3 3.9 ! .1 3.2 .! .7 2.9 ! .3 4.4 .:!: .1 3.7 ! .2 3.4 ! 

Gilson Cotyledon 4 3.2 ! .4 4. 2 ! . 4 3.2 ! .1 2.7 .:!: .1 2 4.4 ! .3 3.9 ! .2 3.5 ! 

.2 

.62 

Warburg Carun,cle 4 1.23 1.4 .:!: .3 2 1.6 .:!: .1 2.7 ! .2 1 2 1.6 ! .3 2.6 ! .6 1.7_!1.3 

Gilson Caruncle 4 1.0 ! .1 2.8 ! .2 1.5 ! .1 2.2 ! .2 1.9 ! .2 2.2 ! .1 1.8 ! • 1 

9 

8 

5.2 .:!: .3 

4. 0 ! .1 

2.4 ! .3 

2.3 ! .1 

1All values expressed in STP µ1/mg dry wt/hr.:!: standard error (calculated using method of Mantel, 1951). 
Tissues for any given cow were from the same attachment site. Following tissue preparation, as similar as 
possible samples were distributed at random between the two respirometers for assay. Incubation was at 37° C 
using 3 ml Ca++ free Krebs-Ringer phosphate buffer pH 7.4 and 0.1 ml 20% KOH in center well with wick. 
Cotyledon tissue was incubated as intact villi preparation. Caruncle tissue was incubated as slices. 

2only 3 samples. 

3only 1 sample. 

N 
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apparatus (Table VI). Fetal tissl,le assayed under a gas phase of high 

oxygen co~centration (Table VI) exhibited greater oxygen uptake than 

comparable $amples assayed, under atmosphere. 

Buffer Used s!! the Suspending Mediµm 

22 

Two aspects, effect <:>n manometer readings, and changes in pH were 

st:ud;i.ed with regar9, to three buffers in the Gilson differential respir

ometer: (1) Krebs;..Ringer b;lca:rbonate; (2) Krebs-Ringer phosphate; and 

(3) Krebs-Ringer phosphate withoµt calcium ions (Ca++ free phosphate 

buffer). ';l'wo separate trials on each of two Gilson respirometers ( total 

of four trials) were conducted using atmosphere as the gas phase. In 

each trial the 20 reaction vessels of a Gilson respirometer were distrib

uted at 'l;'andom among the treatment groups as recorded in Table VII. De

tails of preparation anci assay procedures appear under Materials and 

Methods. A third aspect,. that· of which buffer provides optimum perform

ance for the tissue under assay conditions is treated in the last part 

of this section. 

Effect of Buffer~~ Manometer Readings. Du.ring the 105 minute period 

recordings were made, empty vessel.s averaged 6.5 µl increase in gas vol

ume, approximately 5.0 µl of which occurred in the first 15 minute inter

val following equilibration (Figure 1). Vessels without buffer solu

tions, but containing KOH in the center well had a 14.4 µl average in

crease in volume during the first 15 minute period following equilibra• 

tion (Figure 1). After the initial increase, reversal of gas volume 

change occurred with the gas volume gradually decreasing so that at the 

end of 105 minutes, average net change in gas volume was an increase of 

7 ~ 7 µl (Figure. u. Vessels containing bicarbonate buffer but with no 



Month of Pregnancy 

cow 

Tissue Gas Phase 

Cotyledon Atmos. 
(intact 95%0z-
villi) 5% co2 

Caruncle Atmos. 
(slices) 95% Oz-

5% co2 

TABLE VI 

OXYGEN UPTAKE1 BY PLACENTAL ATIACHMENT .SITE TISSUES UNDER GAS PHASES OF EITHER 
95% Oz-5% C02 OR An10SPHERE ON THE WARBURG APPARATUS 

6 7 8 

1 2 3 4 5 6 

n 

3 3.0 .! .3 3.9 .! .1 3.2 .! .7 2.9 .:!:. .3 4.4 .! .1 3. 7 .:!:. • 2 

3 4.1 .! .4 4.8 .! .4 3.9 .! .6 5.8 .! .23 6.2 .! .2 4.9 .:!:. .2 

4' 1.24 1.4 .! .3 1.6 .! .1 2.7 ! .32 1.6 ! .32 2.6 .! ·.6 

4 1.1 .! .53 1.5 ! .3 1.0 .! .3 2.8 .! .1 1.6 .:!:. .5 3.2 .! .2 

9 

7 8 

3.4 .! .2 5.2 .:!:. .3 

3.5 .! .1 5.5 .! .5 

1. 7 .:!:. .1 2.4 .! .3 

2.6 ! .4 3.0 .! .3 

1Values expressed in STP µ1/mg dry wt/hr.!. standard error (calculated using the method of Mantel, 1951). Tissues from any 
given cow were from the same attachment site. Twenty manometers were divided at random among the following treatments: Atmos
phere controls= 3; 95% 02-5% C02 controls= 3; cotyledon tissue atmosphere= 3; cotyledon tissue 95% 02-5% co2 = 3; caruncle 
tissue atmosphere= 4; caruncle tissue 95% Oz-5% co2 = 4. Incubation at 37° C in 3 ml Ca++ free Krebs-Ringer phosphate buffer pH 
7.4 and with 0.1 ml 20% KOH in center well with wick. Ten minutes gassing occurred while vessels were submerged in water bath and 
shaking. Gassing was terminated and the sidearm stopcocks closed allowing 5 min. equilibration through the gassing manifold with 
the manometer stopcock open following which the manometers were adjusted to initial readings and the manometer stopcocks closed. 

23 samples. 

32 samples. 

41 sample. 

N 
(.;.) 
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TABLE VII 

TREA'lMENT GROUPS IN STUDIES TO EVALUATE pH STABILITY AND INFLUENCE ON 
MANOMETER READINGS BY Tl:IREE TYPES OF BUFFERS 

Number of Vessels 1 Contents of Vessel 

2 empty 

3 0.1 ml 20% KOH in center well 

2 3 ~1 Krebs ... Ringer bicarbonate, pH 7.6 

2 3 mlKrebs .. Ringer phosphate, pH 7.4 

++ 3 ml Krebs;.Ringer Ca · free phosphate, pH 7.4 

3 0.1 ml 20% KOH in center well 
3 ml Krebs-Ringer bicarbonate, pH 7.6 

3 0 .• 1 ml 20% KOH in center well 
3 ml Krebs-Ringer phosphate, pff 7 ,4 

3 0.1 ml 20% KOH in center well 
3 l'!ll Krebs-Ringer ca++ free phosphate, pH 7.4 

1Reaction vessels and mounting positions on the respirometer were 
assigned at random. Four replicates of the experiment were performed, 
the results of which are given in Figures 1, 2, and 3, and Table VIII. 
Preparations an<t assay procedures are given under Materials and Methods. 
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KOH in the center well averaged 15.6 µl increase of gas volume over the 

105 minute period; approximately 11.1 µl of this increase occurred in 

the first 15 minute interval following equilibration (Figure 2). For 

the same 105 minute l?eriod, vessels with phosphate and ca++ free phos

phate buffers but having no KOH in the center well, avera.ge 3.9 and 5.6 

µl increases respectively (Figure 2). ln the 105 minute period record• 

ings were made, vessels with bicarbonate buffer and having no KOH in the 

center well averaged a 93.4 µl decrease in gas volume, approximately 

47. 6 µl of which occurl;"ed in the first 15 minute time interval following 

equilibration (Figure 3). Over the same 105 minute period vessels with 

phosphate and ca++ free phosphate buffers and having KOH in the center 

well averaged 7,3 and 7.5 µ1 decreases respectively (Figure 3). 

Phosphate buffers either with or without KOH in the center well 

appear to stabilize gas volume changes in vessels when compared to gas 

volume changes in vessels containing KOH only, empty vessels, or vessels 

containing bicarbonate bu:l:fer.with or without KOH in the center.well 

(Figures 1, 2, and 3). 

Changes.of Jili.. Bicarbonate buffer became noticeably alkaline (pH 9.17 

and 8.53) during incubation in the reaction vessels (Table VIII). Ves

sels with KOH in the center well had increased alkalinity (pH 9,17) com

pared. to vessels without KOH in the center well (pH 8.53). Bicarbonate 

buffer stored on the bench at room temperature in an aluminum foil

covered 50 ml Erlenmeyer flask for 3 1/2 hours became alkaline (ph 8.35) 

as did bicarbonate buffer stored in a similar manner at 5° C, though to 

a lesser extent (pH 8.20). The plf of bicarbonate buffer left on the 

bench top for 10 hours at room temperature in an unstoppered container 

rose to pH 8.80. 
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TABLE VIII 

CHANGES IN pH OCCURRING IN KREBS-RINGER BICARBONATE (KRB) ,- KREBS-RINGER PHOSPHATE (KRP), AND 
Ca++ FREE KREBS-RINGER PHOSPHATE (Ca++ FREEXRP) 

TreatmentJ 
1. incubated 2. stored 3. stored 

Initial · 0.1 ml 20% 1 no KOH stored 3\ hr. stored 3\ hr. 
Buffer Trial QH KOH. in well in well 2 at room temQerature2 at 5° c2 

KRB I 7.60 9.18 8.60 8.30 8.10 
11 7.55 9.18 8.48 8.40 8.20 
111 7.60 9.15 8.55 8.30 8.20 
IV 7.65 9.18 8.50 8.40 8.30 

-x 7,60 9.17 8.53 8.35 8.20 
--

KRP I 7 .40 7.20 7.20 7.30 7.30 
II 7.40 7.17 7.15 7.30 7.30 
III 7 .40 7 .15 7.15 7.25 7.30 
IV 7 .40 7.20 7.20 7,30 7.20 

-x 7 .40 7.18 7.18 7.29 7.28 

Ca++ I 7 .40 7.48 7.37 7.40 7.30 
free II 7.40 7 .40 7 .40 7.40 7.30 
KRP III 7.40 7 .40 7.38 7.40 7.35 

IV 7 .40 7 .40 7.40 7~40 7.40 
x 7 ~40 __ --- _ 7 .42 7.39 7 .40 __ 7_. 34 

1The value for each run is an average of 3 reaction vessels. 

2The value for each run is an average of 2 reaction vessels. 

3Treatmen t;:- 1) incubation at 37° C for 105 minutes in reaction vessels, 2) and 3) storage in capped 50 
ml Erlenmeyer Flasks, 

N 
\.0 
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Phosphate buffer pH decreased from pH 7.4 (Table VIII) to pH 7.18 

following incubation and pH 7 .29 following storage. Neither the presence 

of KOH nor cooling appear~ to have great influence on phosphate buffer 

pH changes, The pH of phosphate buffer stored at room temperature for 

10 hours in an unstoppered container fell from pH 7.40 to pH 7.15. 

Ca++ free phosphate buffer remained near the initial pH 7.40 in all 

treatments except storage at 5° C for 3 1/2 hours which was accompanied 

. ++ 
by a small decrease in pH. Thus both phosphate buffer and Ca free 

phosphate buffer maintained pH closer to the initial pH 7.40 than did 

bicarbonate buffer; how(:lver, the drop to pH 7.18 of incubated phosphate 

buffer was noteworthy. 

All buffer solutions remained clear except phosphate buffer in 

which a fine white precipitate began to develop approximately 15 minutes 

following buffer preparation. 0.1 N HCl readily dissolved the precipi

tate. The precipitate was insoluble in 0.1 N NaOH. 

Effects of Buffers on Tissue Oxygen Uptake. Experiments were run to ob

tain data on oxygen uptake by slices of caruncular t:i.ssue and intact 

fetal villi prepal;"ations suspended in Krebs,;,Ringer bicarbonat_e and Krebs-

Ringer phosphate (Table IX) prepared as described in Umbreit et al. 

0964). 

Other possible suspending media besides Krebs-Ringer bicarbonate 

and phosphate as described in Umbreit §!: al. (1964) include Ca++ free 

Krebs-Ringer phosphate and Baird's (1963) buffer formula. If Baird's 

fot"IIlulafor making buffer is followed, a pH of approximately 4.5 results 

and considerable OH- must be added to bring the pH to 7.4 (see Appendix 

A). Unfortunately Baird (1963) did not indicate whether NaOH, KOH~ or 

what other source of OH- should be used to adjust the pH. Baird's 



TABLE IX 

OXYGEN UPTAKE AND TERMINAL pH IN REACTION VESSELS WITH EITHER FETAL OR MATERNAL TISSUE INCUBATED ON THE GILSON RESPIRCMETER 
UNDER A'IMOSPHERE IN EITHER KREBS-RINGER BICARBONATE OR KREBS-RINGER PHOSPHATE 

Vessel Contents Fetal (intact villi) Maternal (Stadie-Riggs slices) Control Vessels 

Buffer 
Krebs-Ringer Krebs-Ringer Krebs-Ringer Krebs-Ringer Krebs-Ringer Krebs-Ringer 

Phosphate Bicarbonate Phosphate Bicarbonate Phosphate Bicarbonate 

gas gas gas gas gas gas 
Trial1 n uotake2 nH n untake2 nH n uotake2 oH n uotake2 oH n uotake3 oH n uotake3 

l 4 3.5 7.5 4 1.4 9.0 6 1.9 7.1 5 0.9 -g.1 8 4.1 7.4 8 27.6 

2 6 4.5 6.8 5 1.3 9.0 5 2.5 6.8 6 o.8 9.0 8 2.0 6.8 8 27.0 -
3 5 4.7 7.2 5 1.5 9.0 4 1.6 7.0 5 0.7 9.0 6 -o.o 7.3 5 19.1 

4 5 Ll ~ 5 1.4 8.7 5 Ll 6.9 5 hQ 8.7 4 2.2 - 4 lld -
-x 4 4.0 7.1 4 1.4 8.9 4 1.9 7.0 4 0.8 9.0 4 2.1 7.2 4 24.2 · 

std. error4 .:_.3 .:_. 2 .:_.O .:_.1 .:_. 1 .:_. l .:_.l .:_. l !1.0 .:_.2 .:_2.1 

1Tissues from a given trial were all from the same cow and attachment site. 

2Gas uptake expressed as µ1/mg dry wt/hr and represents the average uptake over the hour beginning 15 minutes after equili
bration and is corrected for control vessel gas volume changes over the same time period. 

3values expressed as µ1/hr gas volume change. 

4calculated using procedure of Mantel (1951). 

oH 

9.0 

9.0 

9.0 

8.3 

8.8 

.:_.2 

: 

'" 

w 
...... 
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formula is noticeably lacking ;in Na+ and has an excess of K+ (see 

Appendix B). 

To obtain information as to a buffer that would provide optimum 

tissue response, trials on intact fetal villi preparations were performed 

using the 3 buffers, Ca++ free Krebs-Ringel;" phosphate pH 7.4, Baird's 

formula adjusted to 'pH 7.4 with 1 N KOH, and Baird's formula adjusted to 

pH 7.4 with 1 N NaOH (Tabie X). 

Of the 5 buffers, the data in Tables IX and X indicate Ca++ free 

Krebs-Ringer phosphate probably allows for best response of intact fetal 

villi preparations with respect to oxygen uptake. 

Tissue Preparation and Storage 

1rials were conducted on both fetal and maternal tissues using two 

types of preparation to determine the effect on oxygen u,ptake (Table XI). 

Fetal tissue prepared as intact villi and maternal tissue prepared as 

slices had greater oxygen uptake values than did similar tissues prepared 

as chopped suspensions. 

The effects of storage on ice was st1,1died as a possible source con-

tributing to variations in oxygen uptake by attachment site tissues 

(Talbe XII). Storage on ice had no detrimetal effects on either fetal 

or maternal tissues with regard to oxygen uptake. 

Oxygen Uptake During the Last Four Months of Gestation 

Fetal villi showed highly significant changes in oxygen uptake over 

the last four months of gestation (Table XIII and Appendix C). The 

fetal villi exhibited a highly significant decline in oxygen uptake from 

the sixth to seventh months followed by an insignificant rise in oxygen 



TABLE X 

OXYGEN UPTAKE AND TERMINAL pH IN RUCTION VESSELS WITH FETAL TISSUE INCUBATED ON THE GILSON DIFFERENTIAL 
RESPIRO.METER UNDER A™OSPHERE IN EITHER Ca++ FREE KREBS-RINGER PHOSPHATE, BAIRD-(NaOH) OR BAIRD-{KOH) 

Vessel Contents Fetal (intact villi) Control Vessels 

ca++ free Ca.,.+ free 
Buffer Krebs-Ringer Baird-(NaOH) Krebs-Ringer Baird-(NaOH) 

Phosohate Phosohate 

Trial 1 
gas gas gas gas 

n untake2 oH n uotake2 oH n unt .. ke3 nH n nn+-~k.,3 

l 8 4.6 7.3 8 3.7 7.2 2 -0.1 7.4 2 +1.0 

2 8 4.0 7.2 8 4.0 7.3 2 +1.5 7.4 2 +0.8 

Baird· (KOH) Baird- (KOH) 
3 8 4.3 7.3 8 3.6 7.3 2 +0.2 7.5 2 +1.1 

4 7 4.5 7.3 7 4.0 7.3 2 +0.-4 7.5 2 +6.0 

5 1 3.0 1....1 § 2.8 1..1. l +6.4 7.4 l +4.2 
-x 5 4.1 7.3 5 3.6 7.3 5 1.5 7.4 5 2.6 

std. error4 :!:_.3 .:!:_.2 :!:_I.3 :!:1.0 

nH 

7.5 

7.5 

7.4 

7.5 

7.4 

7.5 

1Assays were performed on Gilson differential respirometers with 3 ml of the buffers indicated and a gas phase of atmosphere 
as described under Materials and Methods. Each trial represents tissue from a single attachment site similar samples of which 
were placed in reaction vessels containing 1 of 2 buffer types. Four control vessels, 2 for each type of buffer were used in each 
trial. Each trial was run on a single respirometer with the reaction vessels and treatments assigned at random to mounting 
positions. 

2Values expressed in STP µl/mg dry wt/hr! standard error. 

3values expressed as µ1/hr gas volume change. 

!+calculated using procedure of Mantel ( 1951'. 
w 
w 



TABLE XI 

OXYGEN UPTAI<E1 BY DIFFERENT PREPARATIONS OF PLACENTAL ATTACHMENT SITE TISSUES 

Tissue 

Trial 2 

Tissue 
Prep_l:l.r:ation 

Chopped Suspensiori3 
(Mcilwain Chopper) 

Slices (Stadie-Riggs4 
Hand Microtome) 

Intact Villi 4 

1 

n 8 

1. 2 .:!:. .23 

3. 8 +_._07 

F-etal Maternal 

2 1 

7 8 

1.4 .:!:. .oa o.6 .:!:. .025 

2.1 .:!:. .os 

I 
3.8+ .09 

2 

8 

0.5 .:!:. .04 

1. 6 .:!:. .13 

lvalues expressed in STP µ1/mg dry wt/hr.:!:. standard error (calculated using the method of Mantel, 1951). 
Each respirometer had either cotyledon or caruncle tissue. The different preparations were distributed at 
random among the reaction vessels of each respirometer. Four control vessels, 2 for each type of buffer, 
were assigned at random on -each respirometer. Details of tissue preparation and assay procedures are given 
under Materials and Methods. 

2Trial·l tissues from a single attachment site obtained from a placenta at 7 months gestation. Trial 2 
tissues from a single attachment site obtained from a placenta at 9 months gestation. 

3suspended in 1.5 ml Baird-KOH buffer pH 7.5 + 1.5 ml 0.9 % saline. 

4suspended in 3 ml Ca++ free Krebs-Ringer phosphate buffer pH 7.4. 

57 samples. (.,.) 
.p. 



TABLE XII 

OXYGEN UPTAKE BY PLACENTAL ATTACHMENT SITE TISSUES AFTER STORAGE IN ICED SALINE 

Tissue Fetal (intact villi) Maternal (Stadie-Riggs slices) 

attachment not not 
cow site n stored2 n stored3 n stored2 n stored3 

a 2 2.2 .:!.: .2 2 3.1 .:!.: .3 4 1.7 .:!.: .2 3 2.3 .:!.: .1 
l 

b 3 2.9 .:!.: .2 3 3.4 .! .l 3 2.3 .! .2 4 2.1 .! .2 

a 3 2.9 .! .4 3 3.2 .! .2 4 2.1 .! .1 4 2.0 .! .1 
2 

b 4 3.3 .! .4 4 3.3 ! .l 4 2.3 .! .l 4 2.2 .! .o 

a 4 3.0 ! .2 3 3.1 .! .2 3 1.8,:!:.l 4 1.8 .! .o 
3 

b 4 3.1 .:!.: .1 3 3.6 ! .2 4 2.0 .! .o 4 2,2 .! .o 

44 
a 4 3.4 ! .1 3 2.9 .:!.: .3 4 2,1 .! .2 3 1.3 .! .1 

b J. J,6 + ,2 l 2,1 + ,2 ~ 2.1 .± ,l z 1.8.±,.2 

-x 8 3.0 .! .2 8 3.1 ! .2 8 2,0 .:!.: ,l 8 2.0 .! .1 

1Values expressed in STP µ1/mg dry wt/hr! standard error (calculated using method of Mantel, 1951), Assays were performed 
on the Gilson respirometer with 3 ml -Ca++ free Krebs-Ringer phosphate buffer pH 7.4 and a gas phase of atmosphere as described 
under Materials and Methods. 

2Tissues were kept in iced-saline 2 1/2 

3rissues were kept in iced-saline 4 1/2 

2 3/4 hr before being mounted on the respirometer. 

5 hr before being mounted on the respirometer. 

4rissues obtained at cesarean section; "not stored" tissue on ice 50 minutes; "stored" tissue on ice 4 hr, Initial buffer 
pH 7.4, terminal pH 6,6; performed in Krebs-Ringer phosphate. 

l,J 
Ul 



TABLE XIII 

EXPERIMENTAL DESIGN AND RESULTS FOR OXYGEN UPTAKE1 BY PLACENTAL ATTACHMENT SITE TISSUES 
DURING THE LAST FOUR MONTHS OF GESTATION 

Month of Gestation 6 7 8 

Number of Cows 6 6 -6 

Number of Attachment Sites per Cow 2 2 2 
Number of samples of each tissue per site 4 4 4 
NumbBr of samples contributing to thB mean Fetal 48 48 48 

Maternal 48 48 48 

Tissue 

Fetal 4.5 .!. .4 3.3 .! .3 3.7_!.3 

Maternal 2.0 .! .2 1.9 ~ .1 2.2 .! .1 

9 

6 

2 
4 
48 

48 

3.2 .! .3 

1.8 + .2 

1All values are expressed in STP µ1/mg dry wt/hr.! standard error. Assays performed on Gilson differ
ential respirometer, with 3 ml of ca++ free Krebs-Ringer phosphate buffer pH 7.4 and a gas phase of atmos
phere as described under Materials and Methods. Four samples of each tissue type from each attachment site 
from-each cow were assayed to give a mean o2 uptake for either tissue type of a particular attachment site. 
All tissues from any given cow were .assayed simultaneously on a single respirometer. Four control reaction 
vessels containing everything but tissue were run with each assay. Reaction vessels and treatments were 
assigned at random to mounting positions on the respirometer. 

u.) 
0\ 
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uptake from the seventh to the etghth months; this was followed by a 

significant decline to the ninth month (Table XIII and Appendix C). 

Oxygen uptake by fetal villi in the ninth month was significantly lower 

than that of the sixth month at: the 1% level of probability. A statis-

tical analysis revealed that no significant changes of oxygen uptake by 

slices of maternal tissue occurred during the last four months of ges-

tation (Appendix' C). 

Examination of the data showed oxygen uptake by fetal villi was 

significantly higher than maternal tissu.e during all of the last four 

months of gestation (Appendix C). Furthermore the changes in fetal villi 

oxygen uptake appeared to be independent of that by the maternal tissue. 

The difference in pattern was examinec;l by el!;pressing oxygen uptake by 

slices of maternal tissue as a per cent of fetal villi oxygen uptake, at 

each of the last four months and then performing an analysis of variance 

to detect changes in th:i.s per cent between the last four months (Table 

XIV, Appendix C). Expressed on a dry weight basis, oxygen uptake by 

slices of maternal Ussue ranged from 44% to (>i% that of fetal villi 

(Table XIV). 

· Five assays for oxygen uptake by attachment site tissues were per-

forl)led on samples obta:i.ned at or following calf delivery (Table XV). 
l 

The data show oxygen uptake rates comparable to that observed in the 

four months preceeding delivery. 

Pry Weight as Per Cent Wet Weight During the Last 
Four Months of Gestation 

The dry we:i.ght of fetal tissue expressed as per cent wet weight was 

significantly sm.;:i.ller than that of maternal tissue during the last four 



TABLE XIV 

OXYGEN UPTAKE1 DURING THE LAST FOUR MONTHS OF GESTATION BY SLICES OF MATERNAL TISSUE 
EXPRESSED AS PER CENT2 OF OXYGEN UPTAKE1 BY FETAL VILLI 

Month of Gestation 

Number of Cows 

Average Oxygen Uptake by 
Maternal Slices as a Per 
Cent of Fetal Villi Oxygen 
Uptake.! Standard Error 

6 

6 

44 .! 2 

1oxygen uptake calculated as STP µ1/mg dry wt/hr. 

7 8 

6 6 

62 .! 5 59 . .! 5 

2(STP µ1/mg dry wt/hr maternal slices)/(STP µ1/mg dry wt/hr fetal villi) x 100. 

9 

6 

56 + 3 

(..,.) 
CXl 



TABLE X\l 

OXYGEN U:PTAKE1 BY :PLACENTAL ATTACHMENT SITE TISSUES COLLECTED2 
AT OR FOLLOWING :P,A.RTURITION 

Source Cow Att~cbm:ent n Fetal pH n Maternal 
Site OxygenU12take Oxvgen U:etake 

Cesarean 13 1 4 3.4 6,.8 8 2.1 
Section 

23 
2 3 J.6 6,8 8 2.4 
1 4 4.5 6.8 4 2.5 
6. 4 4.1 6.8 4 2.3 

x 4 3.9 · 2.3 

At Normal 34 ,, 1 2 4.6 7.4 2 2.3 
:earturi-. · i 2 . 4.7 - 7.4 2 ~ 
tion x 2 4.6 2.3 

30 min. 34 1 2 6.2 7.4 2 2·. 2 
:Post l. 2 4.6 7.4 2 2.4 
:ear tum x 2 5,4 2 2.3 

6" - 7 hr. 43 1 7~1 7 1.8 
:Post i 7.1 7 1.6 
:ear tum x 2 1. 7 

39 

pH 

6.8 
6.8 
6.8 
6.8 

7.4 
7.4 

7.4 
7.4 

7.1 
7.1 

lincubations performed on Gilson respirometers under a gas phase of 
atmosphere at 37° c. Oxygen uptake values eJCpressed in ST:e µ1/mg dry 
wt/hi;-·. 

2tissues were mounted on the respirometers in less than 45 minutes 
after the tissue had been removed from the cow. 

. . ', 

3Krebs-Ringer.phosphate used, as the suspending mediui;n. Initial pH 
7.4. pH value presented !:epresents pH in reaction vessels at end of 
incubation. 

4ca ++ free Krebs-Ringer phosphate used as the suspending medium •. 
Initial pH 7.4~ pH value presented rep:i;-esents pH in reaction vessels at 
end of incubation. 
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months of gestation (Table XVI and Appendix C). Both tissues exhibited 

significant increases in dry matter over the last four months of gesta

tion. Analysis of regression coefficients showed no significant differ

ences between the slope of rise for the two tissues. 



TABLE XVI 

DRY WEIGHT AS PER CENT WET WEIGHT.!. STANDARD ERROR OF BOVINE ATTACHMENT SITE TISSUES 
DURING THE LAST FOUR MONTHS OF GESTATION 

Month of Gestation 6 7 8 

Number of Cows 6 6 6 

Number of Attachment Sites per Cow 1 1 1 

Number of Samples of Each Tissue per Site 2 2 2 

Number of Samples Contributing to the Mean 

Fetal 12 12 12 

Maternal 12 12 12 

Tissue 

Fetal 13.3 !. .3 14.5 .!. .7 15.3 .!. .4 

Maternal 17.5 .!. .1 18.2 .!. .4 18.2 .!. .1 

9 

6 

1 

2 

12 

12 

15.5 .!. .3 

18.6 .!. .5 

~ 
t-' 



CHAPTER V 

DISCUSSION 

The Assay System 

While the Warburg apparatus has been used extensively in metabolic 

studies of tissues with a variety of assay procedu-:res CUmbrei t ~ al., 
. . 

1964) the Gil!;on differential respirometer i.s a relatively new instru-

ment. Unsatis:f;actory results of p-,:eliminary experiments to characterize 

boyine placental o:icygen uptake !!! vitro on the Gi.lson differential res

pironi.eter employing methods adapted from Umbreit et.!!1,. (1964) and Baird 

(1963) indicated a closer study of the assay system and procedurea was 
. . 

required bet'ore Satisfactory.c;lata.perta:i,ning to placental physiology 

could be obtained. . The principal cause of the unsatisfactory data was 

the permeab;i.lity of Tygon tubing components of the Gilson c;lifferential 

respirometel;" to oxygen, carbon dioxide and nitrogen. 

The permeability of Tygon to gases was not known to the investigator 

when efforts were·begun to develop a technique for assaying oxygen uptake 

by bovine placenta attachmen.t site tissues. Information1 available in 

the Department of Physiology and Pharmacology and Oklahoma State Univer-

sity Library mac;le no mention that theTygon tubing used in the Gilson 

1Directions for Operation of lli Gilson Resp,irometer~ undated manual 
provic;led by Gilson Medical Electronics, Middleton, Wisc.; Umbreit, W. W., 
R.H. Burrif. and J. F. Sta.uffer. Manometric Techniques, 4th ed., Minne-
apolis, Minn,: Burgess Publishing Co., 1964, p. 104. , .. 

42 
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respirometers was permeable to gases; there were no indicat;i.ons of dif

ficulties that could occur if incubations on the Gilson re1;3pirometers 

were carried out us;i.ng gas phases other than lttmosphere. The discussions 

of operating procedures for the Gilson respirometers ·indicated that gas

sing procedures on the Gilson respirometer were simple, straight-forewc1.rd 

operations, and required no particular adjustments in equ:i,pment or cal-

. culatians. From the early experiments in Pr. McDonald's lltboratoty. 

· (Table's I and II), it soon became evident that considerable gas volume 

changes occurred in empty reaction vessels that had been gassed with 

either 95% Or5% co2 or 95% N2-:5% co2• Meticulous examination revealed 

no mechanical aspect of the Gilson respirometer that could account for 

the undesireable gas volume changes. 

In the first part of August, 1966, a member of the faculty, Dr. G. 

H. Stabenfeldt, was t'equested to telephone Gilson Medical Electronics 

and inquire if the manufacturer coulq. provide information that might be 

helpful in detennining the cause of the gas volume changes in question. 

Gilson Medical Electronics informed Dr. Stabenfeldt that after their 

respirometer had been placed on the market, it had become evident that 

the Tygon tubing which connected the manometers with the flasks was per

meable to hydrogen, oxygen, nitrogen and carbon dioxide. After Gilson 

Medical Electronics recognized that the Tygon tubing components of their 

respirometer rendered their respirometer not applicable for use with 

gases which pass through Tygon, an all glass volumometer was designed to 

overcome the problem. The Gilson Medical Electronics catalogue tl;iat was 

distributed in December, 1966, was their first catalogue that offered 

the all glass volumometer and described why such an all glass system was 

required. A copy of this catalogue was received by the Department of 
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:Physiology and ;Phanµ;;i.cology, o.s. U., in February, 1967. A separate de$

cription of the all gl~ss vol1,1mometer offered in the cat:alogue and that 

described why an all glass system was required, was received by Dr. 

Stal?enfeldt afterh:i.s telephone conversation with Gilson Medical Elec-

tronics. 

The data. (Tables land Il) and information :l:rom Gilson Medical 

Electronics indicate that the Gilson respirometer model available in the 

Department is not suitable for manometric studies o:f; bovine placental 

tissues as described herein involving gas phases of either 95% 0r5% C'02 

or 95% Nz·5% COz. 

Incubations performed under 95% 02-5% co2 on the Warburg apparat1,1s 

(Table VI) apparently had higher oxygen uptake than those performed under 

atmosphere, particularly by fetal tissue. These results are similar to 

those observed by .Friedman anc:1 Sachtleben (1960) with human placental 

tissue. Though speculative, it ii;; suggested that 'resu1ts of oxygen up

take during the last four months of gestation (Table XIII) would probably 

have exhibited the s<';lIIle trends had asl!lays been performed under 95% Oz-5% 

COz instead of atmosphere. 

The primary purpose of a suspending medium is to protect the integ

rity of the cells. Of the various suspendi.ng media available,.investi

gators frequently c;hoose a medium that gives optimum tissue response even 

. though ionic composition o:I: the suspending medium may be.considerably 

different from that of intersti.tial fluid (Umbreit & .fil.·, 1964). Dif-

ferent tissues including placentae i;how variations in response to differ-

ent suspendil'Jg media (Umbreit ~ rua_., 1964; Feinstein and Stare, 1940; 

Ginsburg and Jeacock, 1964, 1967). Human placenta incubated in phosphate 

buffer with 11. 1 x 13""3 M glucose had a 50% higher lactic acid production 
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than when incubated in bicarbonate; however, lactic acid production in

creases similarly in both suspending media upon addition of adrenaline 

(Gj.nsburg and Jeacock, 1964, 1967). In the rat placenta there is little 

difference in glucose uptake or lactic acid production between incuba

tions done in phosphate and b:i,carbonate buffers. 'l'he data for oxygen 

uptake by the cow placenta (Tables IX and X) suggest opt;imum oxygen up

take occurred in Ca++ free phosphate buffer. 

A possible explanation fc;>r gas volume changes in vessels on the Gil

son respirometer containing bicarbonate buffer, either with or without 

KOH in the center well, and the pH changes in these vessels, .may be the 

escape of the carbon dioxide from solution. During the equil:i,bration 

period when the vessels are warmed to 37° C, co2 ·comes out of solution 

and displaces atmosphere in the vessel. The displaced atmosphere can 

escape from the open gassing valve. When the. equilibration period is 

terminated by closing the system, vessels containing bicarbonate buffer 

with KOH in the center well have a significant decrease in voluine because 

the co2 is then absorbed by the KOH-soaked wick. 

If co2 leaves the bicarbonate buffer, then an increase in pH of the 

buf£er would be expected. An increase in pH did occur and was greater 

(pH 9.17) in vessels containing KOH in the center well than in those 

without KOH in the center well (pH 8.53, Table VI.II). Evidently the KOH 

in the center well traps gaseous co2 that might otherwise act to keep co2 

in solution. Bicarbonate buffer left for 10 hours in an unstoppered con

tainer at room temperature goes from an initial pH of 7.5 - 7.6 to pH 8.8 

which also suggests the escape of co2 from the buffer is an aspect of the 

bicarbonate buffer instability. 

With regard to changes in pH of Krebs-Ringer phosphate it should be 
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noted that the buffering action of phosphate solutions is dependent upon 

the equilibrium of 3 species of orthophosphoric acid, the completely 

deprotonated of which will combine with calcium to give a white precip

itate in alkaline solution as illustrated by the equilibrium formula2 

below. 

Krebs .. Ringer phosphate is 0.0012 Min CaC1 2 and Q.0031 Min Na2HP04 

(see Appendix A). Exact predictions of pH changes resulting from calcium 

trapping the completely deprotonated phosphate species are difficult be-

cause: (1) activity coefficient complexity stemming from other ions in 

solution; (2) the fact that phosphoric acid is triprotic; and (3) the 

temperatu~e changes occurring when buffer solutions are raised from room 

. temperature to 37° C (King, 1959). However, the pet effect of removing 

P04 from solution would be to increase the hydrogen ion concentration. 

Studies with Krebs-Ringer bicarbonate (Table IX) are plagued with 

the possibility of interactions between the incubated tissue and the 

buffer which influence manometer readings in a manner that cannot be 

corrected for with controls. Lacti,c acid production by the tissues would 

drive more co2 out of solution. Comparisons of oxygen uptake by either 

maternal or fetal tissues in Krebs-Ringer phosphate to that in Krebs-

Ringer bicarbonate when pel;'formed on the Gilson respirometer must be 

made with caution. Attempts to interpret differences as a function of 

2Adapted from King (1959). 
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tissue performance should be tentative. The high terminal pH in reaction 

vessels containing bicarbonate (Table IX) might be expected to reduce 

cellular uptake of oxygen by acting as a hostile milieu. The somewhat 

lower than physiologic terminal pH observed for most trials in reaction 

vessels containing Krebs-Ringer phosphate (Table IX), agrees with other 

evidence (Table VJ.II), that indicates Krebs..;Ringer phosphate has limited 

abilit;y to buffer changes in pH which could reduce oxygen uptake by the 

tissue preparations (Table IX). 

Variation between cows combined with an insufficient number of rep

licates reduces the possibility of reaching definitive conclusions from 

comparing oxygen uptake by fetal tissue in Ca++ free Krebs-Ringer phos

phate with that occurring in Baird-(KOH) or Baird-(NaOH) (Table X). In

c:ubat;:ions in both Baird-(KOH) and Baird-(NaOH) tend to exhibit lower ox

ygen uptake th&n those performed with Ca++ free Krebs-Ringer phosphate. 

The effects of the high concentrations of potassium in the Baird suspend~ 

ing media (Appendix B) might have on cellula~ uptake of oxygen are dif

ficult to evaluate. 

In chopped tissues and minces the degree of cellular destruction 

could be expected to be greater than in intact fetal villi preparations 

and slices of maternal tissue. This maybe an explanation for the low 

oxygen uptake values (Table XI) observed when tissues were prepared by 

Baird's O 963) procedures. That the difference between fetal and mater

nal placenta oxygen uptake is real and not merely the result of prepara

tion is suggested by the fact there is a difference between fetal and 

maternal oxygen 1..1.ptake in those assays where the two tissues were incu

bated as similar preparations (chopped tissues). Values for maternal 

tissue in Table XI are approximately those found by Baird (1963). 
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Because Baird used 95% 0r5% co2 as a gas phase the oxygen uptake by at

tachment site tissue in Baird's (1963) ass1;1ys might be expected to have 

been slightly greater, particularly for the fetal suspension. Table XI 

values for intact fetal villi preparations are three to four times those 

observe9 by Baird. 

Lengthened periods of storage on ice did not appear to be detrimen

tal to the oxygen uptake by the. tiss1,Jes. Tissues obtained at cesarian 

section and at normal parturition (Table XV), when the tissues were put 

immediately on ice had unexpectedly high oxygen uptake values coi:npared 

to tissues c:ollected at the $laughter house where they remained at body 

temperature for 40 minutes after $laughter. This suggests that holding 

tissue .at normal body tempera.t1,1re results in decreased oxygen uptake 

values. 

While the 1;1.ssay system developed in this study has recognizable 

limits (gas phase1:1 other than atmosphe-re can not be used) results for 

oxygen uptake measured by this system fall within the range of values 

found or reviewed by other investigators (Campbell et al., 1966). The 

method appears sensitiveenough, provided enough samples are processed, 

to measure differences in oxyg~ uptake similar to those reported in the 

literature (Wang arid Hellman, 1943;. Villee, 1953, 1956; MacKay, 1958; 

Friedman and Sachtleb~n, 1960). 

Oxygen Uptake During the Last Four Months of Gestation 

Data of Table XIII show a. significant decrease in oxygen uptake by 

tissue during the last four months of gestation. The general pattern is 

the same as that found by Baird (1963) except that in the present studies 

fetal and maternal tissues were shown to .have independent changes with 
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regard to oxygen uptake. Other workers who have observed decreases in 

oxygen uptake as gestation approaches term include Wang and Hellman 

0943), Villee 0956), MacKay ( 1958), and Friedman and Sachtleben 0960). 

In all of these studies oxygen uptake was expressed in terms of tissue 

dry weight. 

Interpretation with regard to physiologic significance of decreases 

in oxygen uptake as gest.ation·approaches term expressed in terms of tis

sue dry'we:l.ght should, be done with care. Examination of dry weight and 

wet weight raUos (T.!;!.ble XVI) indioate_'that dry matter content goes up 

as gestation a.pp-r~hes term. Similar increases in dry matter as gesta

tion appr<;>aches term were found l;>y Villee 0956) in human placent.!;l.S and 

by Behrman ~ al. 0964) in the rhesus monkey placenta. Behrman fil al. 

0964) noted that increases in dry matter content of the rhesus monkey 

placenta are less toward the end of gestation than the increase in dry 

matter content 9f the fetus. 'If the data of Table XIII (oxygen uptake 

expressed on a d,ry weight basis), are converted to a wet weight basis by 

i;nultiplying .them by the per cent dry weight data (Table XVI), .the fetal 

tisi;,ues exhibit a 17% red1,1ction in o;icygen uptake from the sixth to ninth 

months.in contrast to the 30% reduction obtained on a dry weight basis. 

Conversion of maternal tissue oxygen uptake from a dry weight basis to a 

wet weight basis red\.lces the amount .of variation from 1.8 - 2.2 µ1/mg 

dry wt/hr .to 0.3 .. 0.4 µ1/mg wet wt/hr. Conversion calculations also 

have the effect of reducing the per ceri.t difference in oxygen uptake be

tween fetal and maternal tissµes by an average of 14.6% over the last 

four months of gestaUon. No data: are available for expressing oxygen 

uptake in terms of ONA and RNA content of placental tissues, which would 

provide the most valid· information on changes in cellular function of 
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attachment site tissue with respect to oxygen uptake. 

Present studies showed that fetal tissues have almost twice the ox-

ygen uptake that maternal tissues have. This is to be expected since 

electron microscC>pe studies (Wynn and Davies, 1965; Burgo~ and Rodriquez, 

1966) and immunofluorescent studies (Sciarra et al., 1963; Pierce and -- . 

Midgley, 1963) suggest strongly that the trophoblast is the major .site 

of active transport and protein and steroid hormone synthesis in the 

placenta. The',1:'e is considerable ev.idence in the literature to suggest 

that cellular function of a.ttachment site t;i.ssues should not be expected 

to decrease as gestation· approaches term. In the sheep,.: oxygen consump

tion by the pla.cental membranes and cotyledons has been proposed to act 

in regµlating oxygen tension in fetal blood (Campbell et al., 1966)~ 

Walker tt al. Cl967) studied the several.enzymes in the glycolytic path-

way in the placentas of rats, guinea pigs, rabbits, monkeys a.nd humans 

and ;found little change in activities as gestation approached te:i;:,n, re;. 

gardless of whether activities were calculated on a dry or wet weight 

basis. 

The growth of mamma.lian fetuses, after an initial lag phase, con-

forms to a cubic law of growth, differences in the size of offspring 

being determined by the rate of transport of nutr;i.ents to the fetus 

across the fetal vascular endothelium (payne and Wheeler; 1967), The 

same cubic law describes the growth of tumours (Payne and Wheeler, 1967). 

As the placenta is the site throµgh which most n1,1trients are thought to 

be transported from the maternal circulation to the fetus (Hagerman and 

Villee, 1960; Dancis, 1960) it could be expected that the transport func-

tion of the placenta would not decrea.se as gestation approaches term, 

particularly since in most speciea of mammals the ratio of placental mass 
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to fetal mass does not decline toward term (Behrme.n et al., 1964). In . . . --
some breeds of sheep a~ter the 120th day the total weight of attachment 

s:i.te tissues .falls from about 600 g/fetus to 200-300 g/fetus 11t term 

(Dawes, 1956). How nutrients cross the placenta is poorly understood 

(Hagerman and Villee, 1960; Dancis, 1960; Howard aqd Krantz, 1967). It 

is possible that with increasing age .the vascular surface area of pla

cental tis1;1ues increases, thereby increasing efficien.oy Oiarrison, 1956). 

Additional evidence that placental function does not decrease with 

age is the s~ggestion in current litet;'ature that the fetus and placenta.· 

form a unit with regard to endocrine function Cat lea.st in the human and 

sheep), particularly with regard to ~teroid hormones (Diczfalusy, 1964; 

Klevit, 1966; Ryan, 1966; Sitteri and MacDonald, 1966; Liggeris et al., 

1967). An extensive review of estrogen excretion in the cow by Mellin 

and Erb (1965} coJ11piled evidence that the urinary excretion of estrogens 

increases dramatically dur;i.ng th~ terminal stages of pregnancy, reaching 

a peak immediately before parturition, followed by a steady decline post-

partum. Concentrations of estrogens increased in the bovine fetal at-

tachment site tissues during pregnancy (Mellin and Erb, 1965), Produc-

tion of estrogens during human pregnancy (Smith -~ at., 1966) follows a 

pattern s:i,.m;i.lar to that described by Mellin and Erb O 965) for the cow 

and appear t.o be · aromatized by the placenta from precursors produced by 

the fetus and mother (Klevit, 1966; Sitteri and MacDonald, 1966). The 

source of progesterone during the final months of gestation is not es-

tabl:i.shed. Ryari et Jtl., (1966), Lurie et al. Cl 966), and Schreiner and 

Villee (1965) have shown that the human placenta can synthesize proges .. 

terone from precursors obtained from either fetal or maternal sources. 

The placenta of.the cow does not appear to provide sufficieqt progesterone 
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to maintain pregnancy if the ovaries are removed befo'l;'e the 200th day of 

gestation (McDonald .§.!:. al., 1953); after the 200th day the placenta does 

produce sufficient progesterone to maintain pregnancy. 

The preceeding paragtaphs present $Upplementary evidence in support 

of the suggestions by Hu$get (l956) that little functional senescence 

should be expected in the placenta as gestation approaches term, even 

though there is evidence of anatomic aging (Wislocki, 1956). 

Data from the oxygen uptake assay in the present studies contains 

elements of botp functional changes and anatomic changes, The functional 

changes are associated primarily with oxygen uptake, the anatomical 

changes are associated primarily with dry weight. The data presented 

for th.e oxygen uptake during the last four Illonths of gestation (Table 

XIII) are therefore a function of three variables: a:ge, cellular func

tion, and anatomic changes. The variable of age was defined by using 

Roberts' (1956) parameters for estimating age {fetal crown rump measure

ment and body development criteria) of the fetus. In practice, applica

tion of Roberts' parameters doubtlessly introduced some error, An attempt 

to define the limits for the variable of changes in dry matter content 

was made by collecting the per cent dry weight data (Table X,VI) though 

admittedly these data were subject to the error in estimating age of the 

fetus. 

Taking into consid~ration the variables of age and dry matter con

tent the data indicate that there exists a decline of approximately 17% 

in oxygen uptake by fetal placental tissues from the sixth through ninth 

months of gestation. Variables considered, caruncle tissue does not have 

a decrease in oxygen uptake as gestation approaches term, 



CHAPTER Vl 

SUMMARY AND CONCLUSIONS 

An oxygen uptake assay system was developed to measure oxygen uptake 

in both maternal and ~etal aspects of the bovine placenta attachment site 

tissues. Oxygen uptake by fetal villi, calculated on a basis of dry 

weight or wet weight declined c;luring the last four months. Maternal tis

sue showed no. comparable change in oxygen upta~e. Maternal tissue oxy~ 

gen uptake in terms of dry weight ranged from 44% 62% that of feta,l 

tissue. l'atterns of oxygen uptake by the two types of tissue were not 

similiar to each other. The declin.e in oxygen uptake by fetal tissu.es 

· was dhcussed with respect tci findings by others .• 

Dry mat;ter content of fetal villi is less than that of maternal tis

sue. For both tissues, the dry matter content increases toward term. 

Consideration of placenta function with regard to transport; and 

protein and steroid hormone production as gestation approaches term sug

gests caution. must be used in relating!!! Yil!.Q. oxygen uptake to 1n·vivo 

placental physiology. 
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APPENDIX A 

TABLE XVII 

BUFFER CQl'lPOSlTlONS 

Krebs-Ringer Phosphate pH 7.4 (Umbreit ~ al., 1964): 

parts dilution. final mola'l;"ity 

0.90% NaCl (0.154 M) ioo 100/128 0.1203 
1.15% . KCl (0.154 M) 4 4/128 0.0048 
1.22% CaC1 2 . (0.110 M) 3 3/128 0.0012 
3.82% MgS04•7H20 (0.154 M). 1 1/128 0.0156 

17.79% Na2H:P04•2H20 (0.100 M) 
0.07% HCL (0,.020 M) _1Q 20/128 0.0031 

total parts 128 0.144 

Ca++ Free Krebs-Ringer Phosphate pH 7 .4 (Umbreit et al., 1964): 

Same as Krehs-Ringer :Phosphate except substitute distilled H2o 
;for the Ca.Clz. 

Krebs-Ringer Bicarbonate pH 7.4 (Umbreit ~ ~., 1964): 

0.90% N~Cl 
1.15% KCl 
1,22%. CaCl2 
2.11% KHil?04 
3.82% MgS04•7HzO 
1.30% NaHC03 

parts dilution · final molarity 

(0.154 M) 100 
(0.154 M) 4 
(0.110 M) 3 
(0~154 M) 1 
(0.154 M) 1 
(0.154 M) _n_ 
total parts 130 
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100/130 
4/130 
3/130 
1/130 
1/130 

21/130 

0.1185 
0.0047 
0.0025 
0.0012 
0.0012 
0,0249 
0.154 
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Baird·CNaOH) Incubation Solution pH 7.5 (Baird, 1963) 1: 

parts dilution final molarity 

stock solution Baird•(NaOH) 
0.9923% KCl (0.1333 M) 
0.13.52% MgCl (0.0141 M) 
0.0906% KH PO (0.0067 M) 
7 ml l N Na.OH 

= 0.0280% Na.OH . (0.0070 M) 

0.90% NaCl (0.154 M) 
total parts 

1 

l 
2 

Baird-(KOH) Inc1,1bation Solution pH 7 •. 5 (Baird, 1963) 1 ; 

0.0667 
0.0010 
0.0033 

0.0035 

0,0770 
o.157 

Same as.for Baird-(NaOH) Incul;>ation Solution ex:cept;KOH is substi
tuted for Na.OH. 

7 ml 1 N KOH per liter buffer 
= 0.03935 KOH co.0070 M) 0;.0035 

1If Baird's buffer was prepared as described by Baird (1963), the 
resulting solution required 7 ml of 1. N KOH to obtain a pH of 7.5 which 
is approximately equivalent to the presence of 0.392 g KOH/per liter of 
buffer. Baird (1963) makes no mention of the fairly substantial amount 
of 1;,ase required to bring the buffer to pH 7,.5 nor of the type of base 

· (Na.OH or KOH) that should be employed to ol:>tain a 7 .5 pH. Therefore 
buffers of two types Cl3aird·KOH and Baird-NaOH) were prepared. It should 
be noted that the final suspension of tissues was in a solution made up 
50% of either Baird~(KOH) or Baird-(NaOH) and 50% 0.9% NaCl. A table 
comparing the final molarities of ions in the various buffers is pro• 
vided (Appendix: B). 



Ion 

Na+ 

K+ 
0\ 
0 

Mg++ 

ca++ 

Cl .. 

.. 
HC03 

P04 

S0,4 

Other 

1 

Interstitial 
Fluidl 

145.1 

4.1 

1.3 

3.5 

115.7 

29.3 

2.3 

.... 
6,7 

APPENDIX B 

TABLE XVIII 

COMPARISON OF FIVE BUFFER SOLUTIONS AND INTERSTITIAL FLUID WITH 
REGARD TO MILLIEQUIVALENTS IONS PER LITER 

Baird(NaOH) Baird(KOH) Krebs-Ringer Krebs-Ringer 
Incubation Sol. Incubation Sol. Bicarbonate Phos:Qhate 

80.5 77.0 143.4 135.9 

70.0 03.5 5.9 4.8 

14.l 14.1 2.4 2.4 

-- -- 2,6 2.6 

157.8 157.8 128.2 133.4 

.... -- 24.9 

9,9 9,9 3.6 46.8 

-- -- 2.4 2.4 

(Ruch and Patton, 1965). 

Ca;i;+ 
Krebs-Ringer 

Phos,2hate 

135.9 

4.8 

2.4 

127.-2 

46.8 

2.4 



APPENDIXC 

TABLE XIX 

ANALYSIS OF VARIANCE OF OXYGEN UPTAKE1 BY FETAL TISSUE 
FOR THE LAST FOUR MONTHS OF GESTATION 

Source d.f. Sum of Squares Mean Square F value 

Cows 23 30.95 

Months 3 12.77 4.27 

Cows X Months 20 18.18 .91 4.96** 

Sites X Cows 24 3.96 .16 

Total 47 34 91 

\.n STP Oz/mg dry wt/hr. 

TABLE .XX 

DUNCAN'S NEW MULTIPLE-RANGE TESTl APPLIED TO MEAN FETAL. 
OXYGEN UPTAKE2 FOR EACH OF THE LAST FOUR 

MONTHS OF GESTATION 

l'ionth 9th 

Mean 3.16 

Value of p 5% 
(cl.f. ~ 20) 2 3 

·ssR 2.95 3.10 
LSR .36 .38 cs- .123) x:;: 

1steel and Torrie (1960). 

2 µl STP 02/mg dry wt/hr. 

7th 8th 

4 2 

3.18 4.02 
.39 .so 

61 

6th 

4.48 

1% 
3 4. 

4.22 4.33 
.52 .53 

/' 



TABLE XXI 

ANALYSIS OF VARIANCE OF OXYGEN UPTAKE1 BY MATERNAL TISSUE 
FOR THE LAST FOUR MONTHS OF GESTATION 

Source d~f. Sum of Squares Mean Square 

Cows 23 6.4.2 0.28 

Months 3 1.19 o.4o 

Cows X Months 20 5.23 0.26 

Sites X Cows 24 1.28 0.05 

Total 

1µ1 

Souree 

Month 

Tissue 

Error 

Total 

111 

47 7.70 

STP 02/mg dry wt/hr. 

TABLE XXII 

ANALYSIS OF VARIANCE OF OXYGEN UPTAKE1 COMPARING FETAL 
WITH MATERNAL TISSUE FOR THE LAST FOUR 

MONTHS OF GESTATION 

d.f. Sum of Squares Mean Square 

3 o.83 0.28 

1 5.87 5.97 

3 0.35 0.12 

z :z I 1.5 

STP 02/mg dry wt/hr. 

62 

F value 

1.54 

F value 

49.75** 



Source 

Month 

Tissue 

Error 

Total 

TABLE XX.III 

ANALYSIS OF VARIANCE OF PER CENT DRY WEIGHT CCMEARING 
FETAL WITH MATERNAL TISSUE FOR THE LAST 

FOUR MONTHS OF GESTATION 

d.f. Sum of Squares Mean Square 

3 3o25 LOB 

1 24,.36 24.36 

3 0.53 0.18 

7 28.18 

TABLE XX.IV 

63 

F value 

135.33** 

ANALYSIS· OF VARIANCE OF MATERNAL OXYGEN UPTAKE1 AS A PER CENT 
OF FETAL OXYGEN UPTAKE FOR THE LAST FOUR 

MONTHS OF GESTATION 

Source d~f •· Sum of Squares Mean Square F value 

Month 3 1,058 353 9.os** 

Cow 5 528 105 1.18 

· Error 15 1,341 89 

Total 23 2.927 



TABLE XXV 

ANALYSIS OF VARIANCE OF P~R CENT DRY WEIGHT OF FETAL 
TISSUE FOR THE LAST FOUR MON';['HS OF GESTATION 

Source d .• :f;. Sum of Squares Mean Square 

Cows 23 62.71 2.73 

Months 3 40.06 13.35 

Cows X Months 20 22.65 1.19 

Sample X Cows 24 68.60 2.86 

Tot~l 47 131.31 

TABLE XXVI 

DUNCAN'S NEW MULTIPLE-RANGE TEST1 APPLIED TO MEAN FETAL 
PER ceNT DRY WEIGHT FOR EACH OF_THE LAST 

FOUR MONTHS OF GESTATION 

Month 6th 7th 8th 

Mean 13.26 . 14.46 15.27 

Value of p 5% 1% 
(d.f. = 20) 2 3 4 2 3 

SSR 2.95 ,3.10 3" lf3 4.02 4.22 
s LSR 1.30 1.36 1.40 1.77 1.86 

C x = .44) 

1steel and_ Torrie U9GO). 

64. 

· F value 

n .22** 

9th 

15.53 

4 

4.33 
1.90 



TABLE XX.VII 

ANALYSIS OF VARIANCE OF PER CENT DRY WEIGHT OF MATERNAL 
TISSUE FOR THE LAST FOUR MONTHS OF GESTATION 

Source d.f. Sum of Squares . Mean Square 

· Cows · 23 15.45 o.67 

Months :3 7.44 2.48 

Cows X Months 20 8.01 o.4o 

Samples X Cows 24 1.54 0.06 

Total 47 16.99 

TABLE.XXVIII 

65 

F value 

6.20** 

DUNCAN'S NEW MULTIPLE-RANGE TESTl APPLIEij TO MEAN MATERNAL 
PER CENT DRY WEIGHT FOR EACH OF 'l'HE LAST 

FOUR MONTHS OF GESTATION 

Month 6th 7th 8th 9th 

Mean 17.50 18.15 1s.20 18.6,3 

Value of p 5% 1% 
(d.f. = 20) 2 3 4 2 3 4 

SSR 2.95 3.10 3.18 4.02 4.22 4.33 
LSR 0.78 o.a1 o.s3 1.04 1.10 1.12 

(sx = .26) 

· 1steel and Torrie 0960). 



T:ABLE XXIX 

ANALYSIS OF VARIANCE TESTING FOR DIFFERENCE :BETWEEN REGRESSION 
C-OEFFICIENTSl OF PER CENT DRY ~EI!GHT FOR 

FETAL AND MATERNAL TISSUE 

Source 

Fetal 

Maternal 

Two Regressions 

Fetal+ Maternal 
(one regression) 

Regression Coefficients 
(two regressions vs one) 

(Exy)2· 

Ex2 

2. 90 

0.59 

3,.49 

3.06 

o.43 

lsteel and Torrie (1960). 

d.f. Residual 
·so.m of Squares 

1 0.22 

1 0.07 

2 0.29 

1 25.08 

1 F = o.43 = 0.29/4 5.93 

66 

d.f. 

2 

2 

4 

5 
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