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’Tgfkgrather than dlrect card1ac mechan1sms. f'Aw

EXperiments_inVestiéeting‘the’cause of the decrease in cardiac output |

after endotoxin have denonstrated a decrease in venous return in‘both.the

! canine and pr1mate Spec1es (9 11- 13 7). It abpcars therefore that systenic i )

hypotens1on in endotox1n shock is in Iarge part prec1p1tated by per1phera1

, , -
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A]though it is generale agreed that the heart w111 u1t1nate1v fa1]

in shock, its possib]e contrxbutory ro1e in the developnent of 1rrevers1-

- bility is in serious” questjon. "It is postuTated by some that heart” fa1Ture";“"

is seen only late in shock subsequent to prolonged inadecuate coronary

' perfusion (2); HoweVer, others have deVeloped a "cardiac theory" which

assumes that_irreversible shock is due to a sustained denressed cardiac

output of a dysfunctioning heart, failing as a relatively ear1y event (14,

. 25). A card1ac toxic thcory has a]so been suggested in which a myocard1a1

depressant factor is pnstu]ated to o1rect1y decrease cardiac performance
(15- 17) |

 The objective of the present study is to imvestigate the role of the

‘_heart in endotoxin shock, to determine if it is d1rect1y damaged by endo-

'ﬁFf ;:tox1n or fa1ls as a resu1t of de]eterlous hewodynam1c or resp1ratory alter-

‘:"at1ons set 1nto mot1on by the shock state.,

Exper1ments des1oned to d1st1nqui<n betveen d1rect_and lndlrect_cerdlec

[P ARSt

s @i factors, have been carrxcd out and rcsu]ta ch]ude a d1rect card1ofox1c ‘::lﬂ o

_'ac tion of cndotnan denonstrate a strong res1stance of the myocardlum in

endotoxin shocg, and suggest that myoeard1as failure may occur only after

extensively prolonged systemic hypotension,
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METHODS

Experiments were carried out on adult mongrel dogs intravenously

anesthetized with sodium pentobarbital, 30 mg/kg. The basic procedure
was to support an isolated left ventricle by blood exchanged with a

heparinized sUpport animal. Thé donor heart deg was anesthetized, and

the chest opened by median sternotomy after the animal was placed on a

xconstant volume respirator. The azygous vein and subclavian artery were
1igaf;d'and divided. Ligatures were loosely placed around the thoracic
aorta_dista1 to the subclavian artery, the brachiocephalic artery, and
superior and inferior vena cavae. The pericardié] sac was opened along
“ts ventral surface and the animal was heparinized (3-5 mm/kg). The vagi

were then cut in the neck and the brachiocephalic artery was cannulated -

with a tygon tube elevated to a height of 100-125 cm above the heart Tevel.

The superior vena cava was cannulated with a blood fiiled plastic tube Ted
through a roller-type blcod pump prepared to draw blood from the aorta of
the support dog. To transfer the donor heart to the externaf perfusion

system without interruption of cofonary flow, the brachiocephalic outflow

from the heart was opened, allowing blood to fill the tubing‘against a

hydrostatic pressure in order to provide adequate coronary perfusion. The

aorta of the isolated heart was then tied distal to the origin of the

brachiocephalic artery, the superior vena caval inflow from the pump was

comenced at about 120 cc/minutec, and the inferior vena cava was immediately

ligated. Blood frem the aortic outflow of the isolated heart was collected

in a plastic reservoir (Figure 1) and returned to the dbg, perfusing the

heart at a flow rate eaual to the superior vera caval inflow. The heart




L AP BN

AL S L

A A, SRR A LR e g

e e

ke B\?"mx
R

N W eessd waay DRy e

and Tungs vere then"remOVed from the chest and supported by the trachea in

the external system with adequate coronary pressure and flow constantTy

provided The 1ungs of the isolated heart were not ventw]ated and the

'support an1ma1 was re5p1r1nq spontanecus]y.r

A stra1n oauge arch ues sutured under stretch to the ]atera] wal] of

i "the ]eft ventrxcle for measurement of myocardiaI contract11e force (3)

: ‘Left ventricu1ar pressure was measured simu]taneous]y for end d1ast011c )

) pressure (0 40 mm HQ). and systo1ic pressure (0 200 mm Hg) bv means of

separate Statham pressure transducers attached by a "y"- connector to a

Z plast1c cannu?a 1nserted throuqh a purse- str1ng suture in the apex of
‘ the 1eft ventr1c1e. '

; The right heart was then bypassed after‘first p]acing a saline filled

plastic tube into the right ventricle via the atrium, and then cannulating

the pulmonary artery from a"TLconnector previouslyrsecured to the superior |
‘vena caval in low tub1ng The cannulation of the pu]monary,artery requfred

only a few seconds during which time the coronary vessels vere retrograde-

perfused w1th b]ood by hydrostat1c pressure from the aort1c outflow tub1no.

:*enCoronary venous b]ood vas collected from the right ventr1cu1ar drain 1nto
:a p]ast1c rescrvo1r and returned tooether w1th brach1ocepha11c outf]ow to

:’”1fthe support dog v1a a second pump. Cardlac oufput was taken as the sum of,«_w

T iy

: W?5J‘efaort1c outflou and coronary f]cu, both measured w1th a cy11nder and stop )
;fiwatchr(Flgure 1) Temperature of coronary venour bTood was monltored with
"~v:i{ a temperature probe.- Aortic pressure, Teft ventr1cu1ar pressures, cardiac

: contract111ty of the isolated heart, and svstem1c pressure of the support

_ dog were monxtored cont1nuous1v on 2 qanborn recorder The first der1vat1ve
~ of the 1eft ventrlcu]ar pressure, dp/dT_ max was also continuously recorded

by means of a reszstance—capac1‘ance‘d1fferent1at1ng network. Mean aortic
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pressure and cardiac output were increased steadily in the isolated heart
preparaticn by adjustment of a screw clamp on the aortic outflow and eleva-
- tion of pump speed supplying the pulmonary artery. Coronary arterial and
venous Po,, Pcop, and pH were followed by utifizing an Instrumentation
Laboratories bipod gas analyzer calibrated prior to each determination with
knowvm gas mixtures. Oxygen content of coronary érterial and venous blood
was measured by a Van Slyke manometric blood yas analyzer. Simultaneously

obtained coronary blood flow measurements permitted the calculation of

oxygen uptake and carbon dioxide production from the product of coronary

~ flow and A-V oxygen or carbon dioxide differences.

During the equilibration period of the isolated heart preparation, aortic.
pressure was stabilized at an average of 118 mm Hq with a cardiac output of
76 cc/min/kg bedy weight (based on the weight of the heart donor dog).

These pressure and flow values supported and maintained left ventricular

_ syStolic and diastolic p}essure, coronary blood fiow, and myocardial

oxygen urtake in the physiological fange, and vere maintained during the

thirty-minute control period in all experiments. At the end of the control

- period, an LDy of E. coli endotoxin, 1.2 mg/ka (Difco, Detroit), was in-

Jjected both intravenously into the support dog and into the pulmonary artery
of the isolated heart. The mean coronary arterial pres.ure of the isolated
heart was Fdjusted to that of the mean systemic pressure of the support
animal by changing pulmonary blood flow rate with the blood pump. At 200
minutes post-endotoxin, coronary pressure and cardiac output were returned

to pre-endotoxin values and cardiac performance, metabolic and hemodynamic
paramcters were evaluated. In additicn, coronary pressure and cardiac outrut

in all experimental and control studies were eaualized at 60 and 180 minutes

after zero tire,
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¥ i The control experiments, (N = 6) not given endotoxin, were conducted in ;
order that mean coronary pressures and mean cardiac outputs of the isolated ;

1

pump adJustment at precise]y the same t1mes up to a term1nal point of 200

;1 ‘H“ﬁ . hearts were matched to ,those of the previous experimenta] qroup (N = 7) by

' minutes after zero time. ‘,ii ~?7&

: others (19) -

where MAP = mean aortic pressure (mm Hg) LVEDP = left ventricular ehd dias-
-~ tolic pressure (mm Hg) and SV = stroke volume in cc, detennined‘by dividing
cardiac output by heart rate. The acoe1eration component of left ventricu- >
lar stroke vork was disregarded in the calculations on the basis that it
represehts less than 1 per cent of'tota1 stroke work (20). Cardiac powerhrv

was calculated and expressed as work per second. The maximum change in

» ventr1c1e (10 19) was coot1nuous1y recorded and expressed as the f1rst
derivatlve of the pressure r1se. Cal1brat1on of the dP/dT record1nq was B
carried out by ana1y51s of the slope of a 11ne dravn tangent1a11y to the S

’ pressure (dP/dThax) occurring during jsometric contraction of the left
’ steepest port1on of the left venfr1cu]ar 1sovo1unetr1c trac1ng and ex- ,-,“:

‘Stroke work in gram meters Was calculated fran the formula used by kft\h’\f

' | : ee— —~ (MAp = Lvsnp) (sv) (1 36)/100"";"""""."'“':"'?'"'"‘ T
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i;f', ‘ ff ' Coronary b]ood flow averaqed 160 CCIM1n/T00 qms 1eft ventr1c1e at

fﬂ.;ﬁ pressed as~mm*ﬂg/seC‘(5)-~* : _‘_1‘;;:e_x *7ff’}f féy;
“zero t1me (range 99 290) in 13 exper1ments
: Oxygen uptake was assumed to be nec11g1b]e in atr1a and r1ght ventricle
;»‘<7;’ ~ (bypassed) as was reported by others (;1) and averaged 11 cc/m1n/100 ams o

left ventric]e at zero t1me (rarge 7-16 cc/min) in 13 experiments.
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RESULTS

Figure g illustrates mean values for aortic pressure, cardiac output and

blood temperature in control and endotoxin isolated working heart preparations. :
Mean aortic pressure changes in the endotoxin-series reflect aiterations in mean:

systemic pressure of the support dog, except at the 200 and 180 minute readinas

' /
. when pressures were matched to zéro time and 60 minute values respectively, by

pump adjustment.  Thus, two sets of matching points were achieved, one at the

hypotensive value, and the last at the normotensive pressure level and cardiac
output was similarly adjusted at the same time intervais. The mean values +

SE of the experimentzl group for blood temperature (Ty), cardiac output (CO)

and aortic pressure (MAP) at O and 200 minutes respectively are as follows:

. Ty, = 38.50 + 0.54, 38.70 + 0.37; CO = 482.7 + 28.8, 481.6 + 28.9; and MAP =

118.4 + 4.2, 117.3 + 3.9. These parameters were controlled because of their
direct influence on performance, metabolic and hemodynamic characteristics of
the myocardium (4, 21) and in order that the effects of endotoxin on the heart
could be clearly discernable. In addition, control experiments were carried
out after the completion of the endotoxin stud{éﬁ, with preﬁsures and flows
similarly matched by pum# adjustment as in the ekperimenta1 §roup. Pesults
show no significant -differences in values between the two serieé in all
meé;ured paraﬁeters at all recorded time pericds.

With the foregoing protocol carefully executed, another set of parameters
dealing with performance, metabolism and hemodynamiés were measured or calcu-
lated and these are illustrated in the remaining figures. ‘

Figure 3 characterizes the typical findings obtained in an isolated heart
preparation treated with an LDgq of endoto;in; Only values during the matching
periodé, when préssures and flows were rigidly controlled, are shown in the

figure. PResults show that the heart performs normally both metabolically and

6
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: -»ainlregard‘to energy output at times of comparab!e;aorttc’pressure and cardiac
outputs after endotoxin administration. Findings at 180 minutes clearly re-

semble‘those at 60 minutes; while'those'at 200 mtnutes are‘very similar to

{1 those at~-30 m1nutes and zero t1me._ Thus, endotoxin 1s seen to have no

adverse effects on myocard1a1 aerfonnanee7character1st1cs 1nc1uding 1eft ,

;ventricular contracti1e force, dP/d max’ and power:(work/sec) and no de]e-

terfous action was ‘seen in the metabol1c parameters of oxygen uptake and

carbon diox1de p4oduct1on.' Re]at1onsh1ps betueen after load (mean aortic

pressure) and pre 10ad (Ieft ventricular end d1asto]1c pressure [LVEDP])

i‘ : : ‘ h d remained c1ear1y s1m1lar during the contro1 and post-endotox1n periods.
‘ o Resu]ts str1k1ngly demonstrate the notable erfects of aortic pressure and

Nt S B e ol b b it i t..,.~{;s, PRI SRR R I SR S e TRt

o S o card1ac output on contract111ty, dP/dT coronary flow, LVEDP power, and

'7: 02 uptaPe and €0, product1on. L f",'kj?.f'u; fjf}_i, a P
These results emphasize the 1mportance of contr0111ng pressure and f1ow »

in the iso]ated heart preparat1on in order to assay the effects of endotox1n

H pressure and card1ac output in the absence of endotoan a second ser1es of
contro] exper1ments was carr1ed out Typica1 results from such an exper1ment

1 are shovn 1n Figure 4 and no s1gn1f1cant dlfferences 1n the response of ary

i ur,h o In order to compare the response of the heart exc1us1ve]y to changes in aortic

parameter frun those of the endotoxin qroup are d1scernab1e from the var1ous R

~measurements and ca1cu1ations of perfonnance and'metab011 character1st1cs. N

: -sw,»

B Flgure 5: wnnarlzes mean resu]ts from contr01 and endotoxin:‘hock experi-

"Aments.: Particu1ar evaTuataon of data was made at two time per1ods -180 and

: 200 minutes when aort1c pressure and cardlac output are matched wath ear11er

vaTues at 60 m1nutes and zero twme. resnect1ve1y The mean values + SE of ,é

the exper1menta1 group for dP/d max? stroke worh (SU) heart rate (HR), | o !

7
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power (P) and LVEDP at O and 200 minutes respective]& are as follows:
dP/dTmax = 2473 + 173.00, 2658 + 379.36; SW = 5.91 + C.37, 4.89 + 0.34;
MR = 127.1 + 4.7, 146.4 + 4.5; P = 12.41 + 0.65, 11.90 + 0.74; and LVEDP =

-3.96 + 1.20, 7.86 + 4,03, It is seen that all parameters show similar

changes regardless of tho presence or absence of endotoxin. Findings

- clearly illustrate that the decreases of the various performance charac-

teristics of the heart including dP/dT, stroke work and powef. at 60 and

180 minutes {p < 0.01) are due to lowered aortic pressure and cardiac out-

~ put, rathsr than endotoxin directly. Vhen aortic pressure and flow are

elevated to control values at 200 minutes (Figure 2), these performance

characteristics return to the normal values observed at zero time. PMean

LVEDP, though decreasing (p < 0.05) in the control at 60 minutes is insig-

- nificantly changed at 180 minutes. LVEDP is insignificantly decreased at

60 and 180 minutes in the endotoxin group and insignificantly elevated at
200 minutes when pressure and flow are restored in both the contro! and
endotoxin series. The observed mean increase in LVEDP in both groups at
200 minutes was due tb the fact that each group contained one experimént in
vhich LVEDP was elevated above 2G mm Hg.

Figyre 6 demonstratep the effects of endotoxin on coronary blood flcw,
coronary vascular resistance, oxygen uptake and carbon dioxide production.

Coronary flow changes insignificantly (p > 0.05) in all experiments up to

W1807mihgtes while cbronary vascular rcsistaﬁce falls during the total post-

endotoxin period in the experimental group (p < 0.05). Motable findings
vere the large increases in coronary flows occurring in both groups at 200
minutes greatly exceedinqg those during the control pe}iods (p < 0.95).
Both me&n oxyuen uptake and carbon dioxide preduction returned to control

values at temnination of all <tudies. The siunificant reduction of 02




kuptake and‘COZ production (p 0 05) at 180 mlnutes 1s seen 1n both the

contro? and endotoxin series. Mean RQ va1ues from -30 to +200 minutes in

endotox1n studies are 0 83, 0 90, 0 99 0 88 0 91 and 1n control experimen
" are 0.83, 0 76 0. 91 0 86 0 91 There were no signifacant chanqes in the

RQ va1ues.

Tables Ia and Ib summar1ze mean oxygen‘and carbonkdloxide pressures, .
- contents, and pH changes in co“onary arter1a1 and venous blood observed 1n

both endotoxin and controT experiments. It 1s noted that the endotox1n ser

R M 32&()4«-\v-~'f“: ,»ew.f;‘:if.w»e»ﬂa‘w" A ,M.-.V-—b PV VRIS N

showed significant acidosis by 200‘minutes (p < 0.05) while pH was seen to

-

remain reTative1y constant in the contro1 group. Coronafy vendus oxygen

content was not e]evated at term1nat1on of the endotoxln expervments al-

R S S

though increases were seen in the contro] ser1es. Resu]ts demonstrate a

AT

lower mean coronary venous oxygen content at the same mean P02 in the endo-i

tox1n treated heart in conpar1son to the control group at 200 m1nutes. :ﬁ

e
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DISCUSSION

The primary purpose of the present study was to determine possible '
direct toxic effects of endotoxin on canine myocardial tissue. To this end, |
two kinds of experimental controls vere devised and executed: '(a) cardiac
performance and metabolism were assayed after the end of a three hour pericd
of hypotension by requiring the heart to work at the precise pre-shock levels
of cardiac outpﬁt and aortic pressure; and (b) the degree of hypotension and i
depré;sed cardiac output in the isolated heart preparation in shock studies
was mimicked by pump adjustment in the absence of endotoxin. In addition,
the heart was also evaluated at 180 minutes at cardiac output and aortic
pressure va1ue§ obtained at 60 minutes.

Three'hours of systemic hypotension and depressed cardiac output
followed by restoration of pressure and flow to control va]ue§ by pump ad-
justhent, revealed statistically insignificant differences in results be-

tween the endotoxin or control groups in which endotoxin was not administered.
Myocardial contractility, cardiac power (work/sec.), dP/dT, 0, uptake and CO,
production at 200 minutes post-endotoxin were sfatistica]ly unaltered from

control pre-endotoxin values. These observations appear to preclude any

significant direct toxic action of endotoxin on myocardial performance and - —

metabolism. Although findings reveal a strong resistance of the myocardium

to endotoxin,'the effects of prolonged systemic hypoténsioﬁ may ultimately
impair cardiac function. In single heart expEriment§ in both fhe endotoxin
and control series, LVEDP rose above control values at 200 minutes upon
restoration of aortic pressure and cardiac output.

The studies siicw that the h-art treated with endotoxin exhibits marked
changes in hemodynamics which appear to assure its high level of performance

and metabolism: coronary flow markedly increases vhen the heart is required

to work at the pre-shock level and the coronary venous oxygen contert remains

10
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ugtva normally 1ow'ya1ue, and oxygen uptake is adequately achieved even when

quvrements perm1tt1ng the heart to operate at normal 1-vels of performance. - -

i pressure are directly related to oxygenvuptake of the myocardium.

i

pH has fallen to significantly depressed values. Thus, increased blood f]ow,é

achieved by marked coronary vasodi1atat1on coupled with an adequate extract1on ’

of oxygen from cap11]ary blood, and the ab111ty of the heart to achieve normal

oxidative metabolism in an acid medium provides the necessary essential re-fV%

f

Results from the present study show that dP/dT, cardiac power and aortic

. These
results are in agreement with the view that heart failure is probab]y only
seen Tate in shock suboéquent to prolonged inadequate coronary perfusion (2).

No evidence was obtained to support recent observations in hemorrhagic and

'Lndotoxin shock, that a myocardial depressant factor is re]eased which d1rect1»

decreases cardiac performanco/(]S-]?). Resu]ts from the present study fail to
reveal a single instance of endotoxin toxicity on myocardia1.work performance )
or oxidative metabolism. These observations suppcrt the conclusions of some

investigators (2,5,18,27) but are in disagreement with others (14,23,24-26).

-The postuTation that primary heart failure is an early event in shock (1,6- 8),;

’and initiates the irreversible state, is not supported by the f1nd1ngs of tha

present investlgat1on

The'prob]em of the precise role of the heart in the deyejopment”of,irrever

sible endotox1n shocP is comp11cated by events occurring in the per1phery

o whlch most assuredly adverse1y influence cardiac output (9 11-13,22 27), caus1n

- ts decrease on the basis of diminished venous return due to peripheral p0011ng

f blood In add1t1on, the resu1tant prolonged systemic hypotens1on may assure
the precipitation of a vicious cycle by virtuz of the adverse effects of
diminished coronary perfusion pressure and flow on myocardia] integrity. Care-

fu] future consideration of adverse 1nd1rect hemodynam1c or respiratory effects

1

TN




on the myocardium is sugqgested from data in the present study in order to

assay more clearly the role of the heart in septic shock (24,26).

*Acknow]edgaﬁent: Appreciation is erpressed to R. T. Brantley, Janet Canp,
Hubert Jennings, Mary Lane, Susan Owen, Mary Marple, and Mary Carol Hhitaker

for valuable technical assistance.
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Figure 1.

Figure 2.

Schematic diagrem of isolated perfused heart preparation .

(Blood is obtaincd from aorta of support dog and subsequently

returned to femoral vein. Arrows show direction of blood

flow.
PA .
A .
BC .
RA .

RV .~

Az .
SVC.
IvC.

Lve. .
cve. .

AC .
SC .
SGA.
™.

Lungs are not ventilated.)

« « o Jpulmonary artery

PJB s a2 e

Paramecters

.aorta
.brachiocephalic-artery
.right atrium ’
.right ventricle

.azygous vein

.superior vena cava
.inferior vena cava

;1eft ventricular pressure catheter
.coronary drainage catheter
.aortic pressure catheter
.adjustable screw clamp
.strain gauge arch
.temperature probe

.water bath at controlled temperature

controlled in isolated hcart experiments. Mean blood

tempcrature is maintained rclatively constant in both control and

experinental preparations. lean aortic pressures of endotoxin-

treated hearts are matched with intact support animal following

endotoxin injection (M ¢ S.E.}, and velues at 180 minutes and 200

minuics matched those at 60 minutes and zero time, respectively.
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Cardiac output and mean aortic piressure of control isolated heart?
preparations are also matched with endotoxin shock studies by
adJustment of pump and screw clamp (as shown in Figure 1),
Figure 3. Effects of endotoxin (LDgg) on performance and metabolism of - ;
| isolated working heart. (Single experiment). !
Figure 4; Single, control erper1mnnt showing effects of decreasing c«rd1ac
output and aortic pressure on myocardial performance and met&bo11g
Mean aortic pressure and cardiac output values were adjusted to
o e @Qual _mean. values of shock experiments at -30, 0, 460, f180,
4200 minutes (adjustiments waire also made at 15 min. intervals).
Figure 5. - Effects of endotoxin. (LDQO) on myocardial performance characterlst
including dP/dTmax, stfoLe work, heart ratc, power and left ventrr
cular.end diastolic pressure (mmig). (M 2 S.E.g 6 control and 7
endotoxin experiments). Mcah aortic pressure and cardiac oﬁtput
values of all control heart preparations were adjusted to’eqqa] ‘
mean valucs of endotoxin studies at.-30, 0, +60, +180, +200 minute$
(Blood temperature constant). |
Figure 6. Effects of endotokin (LDgg) on myocardial hewodynamics and )
metabolism (M + S.E.; 6 control end 7 endotoxin exbcriments).
Mean aortic pressure and cardiac output values of all heart'
contro] and experlmnnta1 preparations are cqua] at -30, 0,

+200 m1nutes, and those at 60 and 180 mirutes are also equal.

(See Figure 2).~ (Blood temperature constant).
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Table Ib. Coronary Arterial and Venous Blood Gas and
(7 exper‘mental and 6 control studies)
CONTROL SERIES
Time (Minutes)

Parameter -30 0 +60 4180 4200
/ p02 | |

_ A 75(6) 66(7) 61(6) 55(4) 55({4)
v 29(2) 28(2) 28(3) 27(2) 29(4)

© 0, Content

A ~15.2(0.9) 14.3(0.9; - 14.2(0.6) 13.7(0.9) 13.9(1.1
v 7.5(0.9) 7.6(0.7 7.2(0.6) 8.0(0.8) 8.8(0.6
pCOz ‘ : :
31(2) - 31(3) 31(3) 28(2) 23(3)

v 34(3) 36(3) 34(4) 30(2) 26(3)

€0, Content - '
A 39.1(0.9) 40.1(1.3) 32.6(2.0) 34.6(1.2) 33.5(1.4
v 45.8(1.6)  45.4(1.8) 45.0(2.5) 39.4(1.9) 37.8(1.9
pH

A 7.41(0.02) 7.42(0.04) 7.38(0.03) 7.42(0.02) 7.42(0.0
v 7.39(0.03) 7.38(0.03) 7.37(0.04) 7.40(0.02)  7.42(0.0




' Table Ia. Coronary Arterial and Venous Blood Gas and pH Values (M = S.E.)

(7 experimental and 6 control studies)

ENDOTOXIN SERIES

Time (Minutes)

Parameter -30 0 +60 +180 +20045
Poz - E
A 73(4) 70(4) 60(4) 56(5) 61(6)
v 23{1) 22(2) 23(2) 27(2) _30(5):
0, Content . : :
A 14.0(1.0) 14.0(0.8) 11.9(2.3) 12.7(1.2) 12.0(1.7
v  6.(0.9)  5.8(1.0)  7.30.1) - 6.8(1.2)  6.1(1.0
PC02 _ : ' '
30(1) 30(2) 26(1) 26(5) 27(5)
v 37(2)  34(2) 32(1) 31(4) 31(3)
€0, Content A : ;
A 39.2(0.9) 38.3(0.9) 28.5(1.0) 28.7(2.5) 27.0(2.9
1) 45.6‘0.5) 45.8(0.8) 34.6(.12) ' 33.9(2.7) 32.3(3.0
pH .
A 7.40(0.03) 7.42(0.03) 7.34(0.03) 7.30(0.06) 7.29(0.0
v 7.38(0.03) 7.39(0.03) 7.31(0.03) 7.30(0.05) 7.28(0.0
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