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Abstract The oxygen tensionp(Q,) in the rat kidney dulla are considered to be of major importance in the
was studied using a Clark microelectrode with a guaadute renal failure (ARF) that may occur following injec-
cathode behind the sensing cathode. The mean (x SHEig of contrast media (CM) [7], there is a need for tech-
outer tip diameter of the electrodes used wagues that measungO, changes in tissues. Our group
55 £ 1.9 uym. The zergpO, current amounted tohas studied the changes in renal blood flow in the renal
125 + 0.9 pA at 37°C; at air saturation it wasortex and inner medulla with various techniques [28,
252 + 22.9 pA. Rats with a systolic blood pressure (BB2, 33] after injection of CM. The moderate alterations
above 80 mmHg (where 1 mmHg = 133 Pa) showed encortical flow correspond well to findings made by oth-
averagepO, in the cortex of 45 £ 2 mmHg and in theer investigators when measuring total renal blood flow
outer medulla of 31 £1 mmHg. In rats with a BP beloy21]. In the inner medulla, we have found a decrease in
80 mmHg a paradoxically high outer medullgp®, of blood flow after injection of CM [28, 32], and indirect
40 + 4 mmHg was found, while thgO, in the cortex methods indicate that there is a decrease in blood flow in
was 27 £ 4 mmHg. Changes pO, were also noted in the outer medulla following such injection [33]. In an at-
the renal cortex and outer medulla after intravenotgsnmpt to determine whether these flow changes result in
injections of the x-ray contrast medium diatrizoatecreased tissupO, we have used a modified Clark
(370 mg iodine/ml). In rats with normal BP, injection oélectrode [36] for measuring change9, in renal tis-
diatrizoate caused a slight fall p®©, in the renal cortex, sues.

from 42 + 4 to 38 £4 mmHg. In the medul@O, de- The modified Clark microelectrode (Fig. 1) has a sec-
creased significantly from 34 + 6 to 20 +4 mmHg. Ringend cathode (a guard cathode) placed behind jhee®-

er’s solution did not induce any changes. sitive cathode in order to minimize the oxygen passing to

the O-sensing cathode from the electrolyte reservoir.
Key words Renal medulla - Microelectrode - Such electrodes have previously been used in environ-
Acute renal failure - Hypotensi:n mental research by Revsbech [36].

pO, was measured at different depths in the kidney in
rats with a systolic blood pressure (BP) of 80 mmHg
Introduction (where 1 mmHg = 133 Pa) or above (groupms 52)
and in rats with BP below 80 mmHg (group ®B:= 8).
Because of their size, large oxygen microelectrodes p®, in the cortex and outer medulla of normotensive
fluence the measurements of oxygen tengp@y)in tis- rats (BP= 80 mmHg) was then studied following injec-
sues, so that unstable and sometimes unreliable vakims of the hyperosmolar contrast medium (CM) diatri-
may be obtained [4]. As changesp@, in the renal me- zoate (group Cn = 6) or Ringer’'s solution (group D,

n=7).
P. Liss (]) - A. Nygren _ o _
[S)_e7p5alrténse8tp%fsg)lgi’gg\(,)\’se;[écelr?ad|ology, University Hospital, Materials and methods
N.P. Revsbech Animals

Department of Microbial Ecology, University of Aarhus,

Aarhus, Denmark The studies were performed on male Lewis-DA rats with an aver-

H.R. Ulfendanhl age body mass (BM) of 308 + 7 g. The animals had free access to
Department of Physiology and Medical Biophysics, tap water and standard chow (R3, Ewos, Sddertalje, Sweden con-
University of Uppsala, Uppsala, Swerian taining 3 g sodium/kg, 8 g potassium/kg, 21% protein, 13 & 10
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was covered with paraffin oil. During the experiment the tempera-
c ture of the kidney was monitored with a thermocouple probe.
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The O, microelectrode was a Clark-type electrode with a guard
cathode as described by Revsbech [36]. The design of the electrode
e is shown in Fig. 1. The electrode is made of an outer casing of soda
glass pulled at one end to an outer tip diameter of 5.5 girh.@nd
an inner tip diameter of 2.1 + Ofm. The tip was filled with sili-
cone rubber (Silastic, Medical Adhesive type A, Dow Corning,
USA) which when cured formed a membrane (18un6thick). It
is important to apply the silicone rubber solution within a few min-
) utes after the tip is made (before the glass surface begins to hy-
1 drate), otherwise there will be a risk of leakage between the glass
and the cured silicone plug, which will totally invalidate the use of
the electrode for measurements in tissues.
Into the outer casing three electrodes were introduced, namely
. the O-sensitive cathode, the reference electrode and a guard cath-
ode. The sensing cathode is made of a tapered platinum wire, with
a tip diameter of 0.5-21im, melted into a fine glass capillary
(Schott glass 8533, Schott Glaswerke, Germany). The naked, non-
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a. shaft of sensing cathode (Soda glass) f. platinum wire

b. shaft of outer casing (Soda glass) g. glass encoating the pt-wire (Schott-glass 8533) glass-encoated t|p (Iength 4.2 + le, diameter 3.0 £ Oam) of

“ gufard cathodi (ﬁggA JARCh h. S;llljggfinmgeomfb&a:;mnum wire tip the platinum wire was gold-plated [5]. The glass-encoated plati-
. reference cathode (Ag/Ag! 1. g t I . . . f

e. clectrolyte j- epoxy resin num wire was then fused into a soda glass capillary. The tip of the

O,-sensitive cathode was placed 43 #Huh from the silicone
dgembrane in the tip of the outer casing. The guard cathode was
made of 0.1-mm silver wire which was tapered at one end to a tip
diameter of 1-2um. The tip of the guard cathode was placed at a
distance of 471 + 5@um behind the sensing cathode. An Ag/AgClI
wire was used as a reference anode. The electrolyte, consisting of
0.5 M KCI buffered with 0.05 M KCO; / 0.075 M KHCQ,

J/kg) up to the day of the experiment. They were anaesthetifed 10-2), was injected into the outer casing. The electrode was
with Inactin (Byk-Gulden, Konstanz, Germany), given intraperitg0€n sealed with epoxy resin (Super Epoxy AB, Hisingeplast,
neally at a dosage of 100 mg/kg BM. Tracheostomy was p&ethenburg, Sweden).

formed and the rat was placed on a servo-controlled heéating pad. td-unctionally, thepO, electrode consists of two separate elec-
maintain the body temperature at 37.5 °C. tric circuits. The platinum cathode and the silver anode make up

the truepO, system, while the silver cathode and the silver anode

form the guard system. Both circuits are supplied with -0.8 V
Surgical procedures from separate voltage sources and the current ip@hesensitive

circuit is recorded.
A polyethylene catheter was placed in the left femoral artery for The polarographic method [18] is based upon the fact that a
blood sampling and continuous monitoring of BP and in the leftique characteristic current/voltage curve is obtained when solu-
femoral vein for infusion of Ringer solution (0.5 ml/h per 100 tions of electro-oxidizible or electro-reducible substances are elec-
BM) composed of 120 mM NaCl, 2.5 mM KCI, 25 mM NaHgCOtrolysed in a cell. From such a current/voltage curve it is possible
and 0.75 mM CaGl The right femoral vein was catheterized for inaot only to identify, but also simultaneously to determine the con-
fusion of CM. The urinary bladder was catheterized for collectionagntrations of, the reducible or oxidizable substances present. The
urine. The left kidney was exposed by a left subcostal flank incismmrent/voltage relationship in a system for characterization of oxy-
and immobilized in a plastic cup. The kidney was embeddedgen is represented by a sigmoid curve with a current plateau be-
pieces of cotton wool soaked in Ringer's solution and its surfaeeen —0.5 and —0.9 V. In this voltage range, the plateau current

Fig. 1 The oxygen microelectrode with a guard cathode (modifi
from [36])

Table 1 Characteristics of some oxygen microelectr..des

Electrode Outer Inner Silicone Distance — Distance—, N N, Airr, Air, 90% Stirring
type diameter diameter membrane membrane cathodeto with without  with without response (%)
(tip) (tip) length to cathode guard guard guard guard guard (s)

(Um) (m) (um) (um) cathode (pA) (PA) (PA)  (PA)
(um)

1 3 2 20 90 300 11 23 56 160 1 <1

1 4 2 30 20 1000 2 7 107 157 5 <1

1 4 3 120 20 600 18 78 361 553 40 <1

2 45 40 30 45 2000 22 62 1486 1625 4.7 3

2 18 15 18 30 300 12 209 632 1430 2 2.7
Averageof12 5.5+1.9 2.1+0.1 1846 4314 471450 14.3+2.6 44+12  207+57 297+73 2.6+0.5 0.840.2

electrodes used
in this study (1)

1 Microelectrodes used in this study
2 Microelectrodes constructed for comparison
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electrodes used in the present study, the mean current giQgero
amounted to 12.5 + 0.9 pA at 37;C. The current at air saturation
cortex was 252 * 22.9 pA. The 90% response time was 2.6 + 0.5 s. The
. stirring effect (change of electrode output in unstirred compared to
outer stripe  gtjrred water) was 0.8 + 0.2%. The average drift in the calibration
inner stripe of the electrodes from before to after the 2-h experiment was
1.0 £ 0.2% with N gas and 1.9 + 0.4% with air. The long-term sta-
bility of the electrodes was less than 0.5% drift per hour.

In total, 12 electrodes were tested (at 37°C) without and with
polarization of the guard cathode. The electrodes had been polar-
ized without the guard for at least 4 h before the guard cathode
was polarized. The current of the sensing cathode,igas was
found to be 44 + 12 pA without the guard and 14.3 + 2.6 pA with
the guard. The current in air was 297 + 73 pA without the guard
and 207 £ 57 pA with the guard.

Experimental protocol
inner medulla P P

(papilla) When the surgical procedure was completed, the animal was al-

lowed to recover for 30 min. In 60 rats [group A £ 52),

BP = 80 mmHg; group Br{ = 8), BP < 80 mmHgpO, was then

measured at different levels in the kidney. The electrodes were in-
Fig. 2 A slice from a kidney of a 300-g Lewis-DA rat. The kidnegerted to different levels from the renal surface into the tissue with
was prepared with a conventional glutaraldehyde fixation te¢hicromanipulators (Narishige, Japan) 1 mm at a time (Fig. 2). De-
nique [11]. The scale (in millimetres) refers to the distance frgranding on the response time of the electrode a steadypSate
the kidney surface. The anatomical boundaries of the differtgwel was observed within 3—4 s at each level. fligwas subse-
parts of the kidney were marked in this photograph by Profesguently recorded as the average over 20 s at steady-state. In two
W. Kriz, Heidelberg, Germar.y other groups (C and YO, was measured simultaneously in the
renal cortex and outer medulla (Fig. 3). After a 20-min control pe-
riod, a 30-min experimental period started with an 8-min injection
of CM or control substance. The rats in groupnG 6) were giv-

(diffusion current) depends on th®, of the surrounding solution an injection of CM (diatrizoate 370 mgl/ml) (2070 mosmol/kg)

at the cathode surface. The oxygen will immediately be redu
(consumed) at the cathode surface, resulting in a current whic
limited by the rate of oxygen diffusion to the cathode. This rate;
limited by permeation factors in the electrolyte solution, in t
membrane itself and in the medium outside the membrane [
This results in an electric current flow directly proportional to tl
partial pressure of oxygen [23]. Also, the steric design is of imp
tance for the electrode function [15, 16]. Other redox systems in
ological tissues can be excluded because of the impermeabilit
the silicone membrane. Other gases, such as i&r NO, do not
influence the electrode reactions at the electrode potential used.
The electrodes were calibrated in water at 37°C, saturated
N, or air, before and after the experiments. The picoampereme
used were made by E. Larsen, Arhus University, Arhus, Denma

ografin, Schering, Berlin, Germany). Diatrizoate was given at a
e of 1600 mg iodine/kg BM, a dose not unusual in angiograph-
practice. Ringer’s solution (4.5 ml/kg BM) was used as a con-
| (group D,n = 7). All solutions were at room temperature
en injected. Throughout the experiment §®, in the renal
ortex and outer medulla and the blood pressure, body temperature
ad kidney temperature were recorded continuously with a Mac-
}? Instrument (AD Instruments, Hastings, UK) connected to a
cintosh Power-PC 6100. In groups C and D, rats were excluded
if the blood pressure fell below 80 mmHg. In these two groups
was measured at a depth of 1.0 mm in the cortex and at an av-
e depth of 3.9 mm (range 3.5-4.5 mm) in the outer medulla
ig. 2). After each experiment the averag®, over 1 min at the
es 20, 15, 10, 5 and 1 min before injection of CM or control
substance and at 1, 5, 10, 15, 20, 25 and 30 min after the start of
this injection was calculated. At the end of the experiments, the
Electrode characteristics microelectrodes were replaced by empty outer microelectrode cas-
ings with the same shape and size, placed on the same microma-
Table 1 gives examples of some electrode characteristics. The fifgtilator and inserted to the same depth. After injection of a small
electrodes were built in Arhus by one of the authors (P.L.) and #maount of India ink, the outer casings were removed and the kid-
rest were made in our laboratory in Uppsala. In the large numbeney was sectioned in order to verify the sites of the measurements.

Fig. 3 Experimental protoc:!

operation resting period control period experimental
period
* (30 min) (20 min) (30 min)
1 1 1 1 Ly

Time

pO, measurement

Lt ¢

injection
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Fig. 4 Oxygen tensionO,) at different depths from the renal
surface in normotensive rats rats (blood pressure>@P)mm Fig. 5 Effects of injection of diatrizoate or Ringer's solution
Hg) and in rats with BP below 80 mm *ig (control) onpO, (mm Hg) in the corte <

60 —
Blood and urine analysis

The urine volumes were measured gravimetrically. The urine sodi-
um and potassium concentrations were measured by flame pho- ,, |
tometry (IL 543, Instrumentation, Milan, Italy). Urine osmolality2 T T T +5r -
was determined by the freezing-point depression method (M(\)/%s O—O={=0~
3MO, Advanced Instruments, Mass., USA). One urine sample .

taken before and three were taken after CM injection. Blood sap- 1 , O Ringer@=)
ples were taken for haematocrit determination, once before CM ifr- = 7 L —e— diatrizoate (n=6)
jection and once after. /t T *

Statistical evaluation 0

Values are expressed as means + SEM. The statistical significance
of the data was tested with a multivariate analysis of variance
(Manova) model, with comparison between results obtained dify 6 Effects of injection of diatrizoate or Rlnger’s solution
ing the control period and those obtained after drug administrat 8ntro|) onpO, (mm Hg) in the outer medulla. * Indicates a

(repeated measures). For comparing data between groups Of ﬂhlflcant difference (P<0.05) compared with the control period
mals a two-tailed Studentstest for unpaired samples was

plied. The JMP software from the SAS Institute was used A
value of < 0.05 was accepted as significant (*) in all analyses.

Time (min)

than in the outer medulla. In the corte, was signifi-
cantly lower in rats with a BP below 80 mmHg than in
those with BP above 80 mmHg. In the outer medulla,
pO, was significantly higher in rats with a BP below
80 mmHg than in those with a BP above 80 mmHg.

Results
pO, at different depths in the kidney

BP above 80 mmHg

0O, after injection of contrast medium
The pO, at different depths is depicted in Fig. 4. In thp 2 J

cortex (1 and 2 mm in from the surface) §h@, was After injection of diatrizoate there was a slight, non-sig-
44 +2 mmHg (range 8-88 mmHg). In the outer medulkgificant decrease ipO, in the cortex, from 42.4 + 4.1 to

(4-5 mm from the surface) it was 32 + 2 (range 5-63B.0 + 4.3 mmHg (Fig. 5). In the outer medulla there was
mmHg and in the inner medulla (6 and 7 mm in from thesignificant decrease from 33.6 + 5.8 to 19.9 + 3.6 mmHg
surface) it was 25 +2 (range 3—-46) mmkQ, was sig- (Fig. 6). Ringer’'s solution caused no significant changes

nificantly higher in the cortex than in the medulla.

in the cortex or outer medulla. The kidney temperature re-

mained constant throughout the experiment.
BP below 80 mmHg

) Urine data and haematocrit
In the cortex (1 and 2 mm in from the surface) pia

was 27 + 4 mmHg (range 15-49 mmHg). In the outd&he urine flow (UV) increased 51-fold after injection of di-
medulla (4-5 mm from the surface) it was 40 * 4 (ran@grizoate (from 2.8 £ 0.7 to 144 * 1i/min*). After Ring-
21-64) mmHg and in the inner medulla (6 and 7 men injection it increased 1.5-fold (from 2.2 = 0.2
in from the surface) it was 34 *5 mmHg (rangep 3.4 = 0.5 NS). Urine sodium output increased
13-55 mmHg) pO, was significantly lower in the cortex68-fold after CM injection (from 0.09 = 0.01 to



709

5.4 + 1.1pumol/min’), but only slightly after injection of pO,. Further, a large electrode has a high diffusion cur-
Ringer (0.09 + 0.03 to 0.11 + 0.02 NS). Urine potassiufant, reflecting a high oxygen consumption [38], and in
output increased 25-fold in the CM group (frortissues where the oxygen diffusion is lower than that in a
0.235 + 0.09 to 5.8 + 1.imol/min’) and 2.1-fold in the fluid [5, 24, 40], this may affect the measurements, as
Ringer group (0.3 + 0.08 to 0.63 * 0.fwhol/min’). Urine the electrode is calibrated in water with diffusion charac-
osmolality decreased after CM injection (from 1365 + 17@ristics different from those in tissues [4, 15, 16]. De-
to 608 + 24 mosmol/Ky but was increased in the Ringespite the problem of obtaining absolg®, values in tis-
group (2005 * 240 to 2647 + 132 mosmol/kdgrhere was sues, these electrodes were built with a relatively large
a slight increase in haematocrit after injection of CM (frodiffusion distance from the tip of the outer casing to the
50 + 0.5 to 53 + 1.4%, NS) while in the Ringer group thereducing sensing cathode. The difference between the
was a slight decrease (from 52 + 1 to 51 + 1% NS). readings in vigorously stirred and stagnant air-saturated
water was thus only 0.8%, and the change in permeabili-
ty when measuring in tissue will thus also have only a
Discussion minor effect on the signal.
The lowerpO, in the renal medulla compared to the

Our findings indicate that contrast media reduceptbg renal cortex was first demonstrated by Aukland and Krog
in the outer renal medulla but leave that in the cortex 4a} in 1960. There are several explanations for this dif-
affected. As in prior studies [3, 6, 8, 44, was found ference: (1) the counter-current vessel anatomy in the
to be lower in the renal medulla than in the cortex. Howredulla [27], which allows diffusion of oxygen between
ever, in rats with arterial BP below 80 mmHi§), in the the descending and ascending parts of the vasa recta; (2)
outer renal medulla was higher than that in the cortex. the active, oxygen-consuming transport of sodium in the

In 1989 Revsbech [36] described a modified, miniatdhick ascending limb of the loop of Henle (mTal) in the
ized Clark electrode with an built-in guard cathode. THigiter medulla; and (3) to a lesser extent the lower hae-
electrode has the advantage that all oxygen diffusing meatocrit in the inner medulla [42] through the skimming
wards the sensing cathode is removed from the interefi¢ct described by Pappenheimer et al. [22, 34].
electrolyte reservoir. The zep®, current of the electric  After injection of the ionic hyperosmolar CM diatri-
system remains low when the guard cathode is used, é@aie, we found a significant decreas@@ in the outer
though there is a large amount of electrolyte in the outeedulla, while that in the cortex was not changed. There
casing. The guard cathode did not otherwise alter the cla&e- several conceivable reasons for this decrease in the
acteristics of the electrode. This, ®icroelectrode has aouter medulla. About 80% of the,@xtraction from the
short stabilization period and the measurements perforrhtedd in the kidney, the non-basaj Gnsumption, is di-
in the kidney mostly show a stable value within a few sé&ectly proportional to the filtration rate [12, 25] and hence
onds. Building the electrodes is a little bit tricky, but motst the net reabsorption of sodium. As hyperosmolar CMs
electrodes show good stability, reproducibility and a sheanstitute osmotic diuretics, freely filtered by the glomer-
response time, and with gentle handling the same electraél@nd poorly absorbed by the renal tubule, the high CM
can be used repeatedly for intratiss@g measurements. concentration in the tubule will reduce the reabsorption of

Several authors have studied the differencgminbe- water and sodium from the tubule and induce an osmotic
tween various regions of the kidney. In the renal cortex thigresis. As a result of the osmotic effect, the amount of
pO, is reported to vary considerably [6, 44], with valug®dium arriving at mTal will increase, and hence also the
around 30-50 mmHg. In the outer medulla, values of abaative uptake from mTal [14, 35], leading to a further de-
20-35 mmHg have been reported and in the inner medafigase irpO, in the outer medulla [45].
the values have been found to range from 8 to 25 mmHgAnother possible underlying cause of a decrease in
We found higher values in the inner medulla than other 8, in the kidney is a decrease in blood flow. The renal
vestigators. This discrepancy might be explained by the\discular bed is unique in that it reacts to CM and hyper-
minutive size of our electrodes together with the constr@smolar compounds with a biphasic response in renal
tion of the electrodes with a guard cathode which redubégod flow [37] — first a vasodilatation with an increase
the current and hence the oxygen consumption. Furtherblood flow lasting less than 1 min, and then a pro-
more, even though these electrodes have a small tip,l@nged vasoconstriction with a decrease in blood flow
value obtained is an average from a certain tissue, and Witis a duration of several minutes. The mechanism of
the lowest value may be lower than the measured one. this unique vasoconstriction in the renal vessels is un-

All electrodes inserted into tissues will to some extektown, but several possibilities have been proposed,
affect the tissue [39]. In 1973 Albanese [1] showedich as activation of the renin-angiotensin system [10]
mathematically that when measuring in tissues, an elgod an increase in endogenous intrarenal adenosine [2].
trode with a tip of lum has little error effect opO, The blood flow may also be decreased by rheological
measurement, while a tip with an outer diameter effects. We have recently observed aggregation of red
10 um will have a large error effect on this measuremehtood cells in the inner medullary vessels after injection
It is therefore important to use an electrode with a smafl different CM [28]. Trapping (i.e. cessation of blood
tip diameter [29]. A large electrode will damage the tifow in capillaries due to tightly packed red blood cells)
sue and compress the capillaries, resulting in a decredse@nother rheological phenomenon which has been
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shown to occur in the outer medulla after injection of alh. Baumgartl H (1987) In: Ehrly AM, Hauss J, Huch R (eds)
types of CM [17, 31, 33] Systematic investigations of needle electrode properties in po-
L ) larographic measurements of local tisg@, in Clinical oxy-

The renal blood flow may also be decreased as a re'gen pressure measurement. Springer, Berlin Heidelberg New

sult of an elevation of intrarenal pressure due to the 0s-York, pp 17-42
motic diuresis following injection of CM [20]. An intra- 5. Baumgartl H, Libbers DW (1983) In: Gnaiger E, Forstner H

tubular obstruction [13] has also been suggested as a(edsz “?ilf:foclf)(aQXial needle stt?]nsor”folr polarogféﬁhi,c measure-
H : H ment of local pressure In e cellular range of living tissue
cause of an increase in intrarenal pressure and conse- its contruction and propertiga Polarographic Oxygen Sen-
quently a decrease_ln renal blOQd flow. sors. Springer, Berlin Heidelberg New York, pp 37-65
CMs are hyperviscous solutions — the more conce®s: Baumgartl H, Leichtweiss HP, Lubbers DW, Weiss C, Huland
trated, the more viscous [30]. Excretion of CM into the H (1972) The oxygen supply of the dog kidney: measurements

i i i of intrarenal pQ. Microvasc Res 4:247-257
LU%UIeS V\."” therefore zlliadTﬁ') an increased |nt(;atupula;_ Brezis M, Rosen S, Silva P, Epstein FH (1984) Renal isch-
ydrostatic pressure [41]. This may cause a reduction INgmia: 3 new perspective. Kidney Int 26:375-383
renal blood flow and hence a decreasp@. 8. Brezis M, Heyman SN, Dinour D, Epstein FH, Rosen S (1991)
In eight rats we accidently found a BP of below Role of nitric oxide in renal medullary oxygenation. Studies in

- - Brezis M, Heyman SN, and Epstein F (1994) Determinants of
same dose of Inactin as were the other rats with norm Iintrarenal oxygenation Il. Hemodynamic effects. Am J Physiol

BP. They had no major bleeding during the operation. In- 267:F1036-F1068

actin may induce a low BP and this may be one explana- Caldicott HWJ, Hollenberg NK, Abrams HL (1970) Charac-
tion for the low BP in these animals. Brezis et al. [9] teristics of response of renal vascular bed to contrast media.
found that in rats with a BP below 80 mmHg, due to iE Invest Radiol 5:539-547

. . . 1. Christofferson RH, Nilsson BO (1988) Morphology of the en-
fusion of nitroprusside or controlled haemorrhage, the gometrial microvascular during early placentation in the rat.

outer medullarypO,, as in our study, was paradoxically Cell Tissue Res 253:209-220 _
high, while the corticapO, was significantly lower than 12. Deetjen P, Kramer K (1961) Sodium reabsorption and oxygen
in the medulla. They also report that the increageOin utilization of the kidney. Pfligers Arch 273:636—-650

. 13. Gelman LM, Rowe JW, Coggins CH, Athanasoulis C (1978)
in the outer medulla at a BP below 80 mmHg was abdr Effects of angiographic contrast agent on renal function. Car-

ished when furosemide was given prior to the haemor- diovasc Med 4:313-320
rhage. They consider this to indicate that the increasel4nGiebisch G, Klose RM, Windhager EE (1964) Micropuncture

pO, in the outer medulla in hypotension is due to de- Study of hypertonic sodium chioride loading in the rat. Am J
) ; - : . Physio :687—
creased oxygen-consuming reabsorption of sodium ;i Grangsjé G, Ulfendahl HR (1962) Factors influencing the

mTal following a decrease in glomerular filtration rate. properties of electrodes for continuous measurements of oxy-
These observations may also explain the finding by Le- gen tension in tissues. Acta Soc Med Upsal 67:107-121
onhardt et al. [26] that in three patients in shock tR& Grunewald W (1970) Diffusion error and, Consumption of

; ; i«a in the Pt electrode during p@neasurements in the steady state.
urine pO, was high, whereas after treatment and a rise in Pfligers Arch 320:24-44

BP the uringO, decreased. This may partly also be X7 Heyman SN, Brezis M, Epstein FH, Spokes K, Silva P, Rosen
plained by Ulfendahl’s observation [43], i.e. that the hae- S (1991) Early renal medullary hypoxic injury from radiocon-

matocrit in the medulla was higher in cats with a low BP trast and indomethacin. Kidney Int 40:632-642

i i 8. Heyrovsky J (1924) The processes at the mercury dropping
(< 75 mmHg) than in normotensive cats cathode. Part Il. The hydrogen overpotential. Trans Faraday

(BP > 75 mmHg). This was probably due to a decreasedg 19:785_738

skimming effect [34]. Also in line with these resultsio. Kallskog O, Lindblom LO, Ulfendahl HR, Wolgast M (1975)

Kallskog et al. [19] reported that in rats with a low blood The preisure-ﬂgw rgﬁtionfgig zcggdgfgéent nephron popula-
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