J Am Soc Nephrol 11: 847-855, 2000

Impaired Renal Blood Flow Autoregulation in Two-Kidney,
One-Clip Hypertensive Rats Is Caused by Enhanced Activity
of Nitric Oxide
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Abstract. Increases in renal perfusion pressure will inducgignificant below 90 mmHg. The 2K1C rats had elevated MAP
shear stress-mediated nitric oxide (NO) release, which couldder baseline conditions-NNA infusion resulted in a de-
oppose autoregulation of renal blood flow (RBF). Althougkirease in RBF and an increase in MAP and RVR. During
cardiac, cerebral, and mesenteric autoregulation is enhancedNA infusion, RVR in 2K1C rats greatly exceeded RVR in
during nitric oxide (NO) synthesis inhibition, this has not beecontrol rats. A significant decrease was observed in the lower
reported for renal autoregulation of blood flow. In the presefitmit of autoregulation from 85+ 3 to 72 =5 mmHg (P <
study, the lower limit and efficiency of RBF autoregulation (a8.05). In the contralateral kidney of 2K1C rats, the degree of
assessed by the degree of compensation) were studied beforapensation was lower than in control rats under baseline
and during NO inhibition in normotensive Sprague Dawley ratonditions. L-NNA infusion resulted in significantly higher
(control;n = 9) and in the non-clipped kidney of two-kidney,degrees of compensation compared to baseline. In conclusion,
one-clip Goldblatt hypertensive animals (2K1€= 9; 3 wk; the contralateral kidney displayed a high NO dependency, as
0.25-mm silver clip). In both groups, renal autoregulatioRBF greatly decreased and RVR dramatically increased in
curves were obtained before and during infusiorNGfnitro-  response ta-NNA infusion. The contralateral kidney of 2K1C
L-arginine (-NNA) (bolus 1.5 mg/kg intravenously, infusionrats exhibited impaired RBF autoregulation, which was im-
10 po/kg per min intravenously), using a transit-time flowproved by NO inhibition, as judged from a decrease in the
probe around the left renal artery. In control rats, mean arterialver limit of autoregulation and an increase in the degree of
pressure (MAP) increased, RBF decreased, and renal vascatanpensation. This study indicates that perfusion pressure-
resistance (RVR) increased in responsec#8NA infusion. dependent NO release can oppose autoregulation in the kidney.
The lower limit of autoregulation in control animals did noHowever, the enhanced influence of NO on pressure-depen-
significantly change during-NNA infusion (78 £ 3to 70 = dent RBF may facilitate the preservation of renal function in
2 mmHg). The degree of compensation in these rats slightlye nonclipped kidney of 2K1C rats.

increased during-NNA infusion, however, this was only

Nitric oxide (NO) tonically dilates the renal vasculature (1,2) In our laboratory, combined peritubular infusion of angio-
and attenuates the responsiveness of the tubuloglomertéarsin 1l (Angll) and the NO synthesis inhibit®{®-nitro-L-
(TGF) feedback system (1,2), but supposedly does not alter #rginine (-NNA) led to extremely high TGF responses (10).
autoregulatory behavior of the kidney (2-5). The absence of Because the TGF system participates in RBF autoregulation,
effect of NO on renal blood flow (RBF) autoregulation ighese enhanced responses during inhibition of NO formation
surprising, considering that during increases in renal perfusieguld well lead to increased efficiency of RBF autoregulation,
pressure (RPP) the shear stress-mediated release of NGhiparticular under conditions of increased circulating Angll
probably enhanced (6), which would oppose autoregulatiqeyels. RBF in the nonclipped kidney of two-kidney, one-clip
There have been several reports on blood flow autoregulati(:gklc) Goldblatt hypertensive rats has been shown to be
in the cerebral (7), mesenteric (8), and coronary vasculatyjighly sensitive to NO inhibition (11,12). Furthermore, we
(9), indicating that during NO synthesis inhibition, blood flow, 56 recently demonstrated that the intrarenal infusion rate of

autoregulation in these vascular trees may well be more eilfs i, pitroprusside needed to restore renal function to base-
cient, and extended to a lower range of perfusion PreSSUr€fine after blockade of NO formation is much higher in the

contralateral kidney of 2K1C rats than in sham-operated con-
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The central hypothesis of the present investigation is that experiment, the left kidney (and in the 2K1C rats also the right
adaptive increase of the actions of NO maximizes RBF at tkigihey) was removed, blotted dry, and weighed.
cost of impaired autoregulation in the contralateral kidney of In normotensive rata {(NNA, n = 9), an autoregulation curve was
renovascular hypertensive rats. To address this hypothesis, dA@ined under baseline conditions. Then, a bolus injectieANINA
characteristics of renal autoregulation were studied in kidnelfs® m9/kg) was injected and an infusion of A8/kg per min.-NNA
of normotensive rats and in the nonclipped kidney of oK1 ¥as started. After equilibration at a new level of mean arterial pres-
hypertensive rats before and during systemic infusion of tli re (MAP) and RBF, the autoregulation curve was repeated. In the

NO synthase (NOS) inhibitor-NNA. A new mathematical . 1C animals (n= 9), the prOtOC.OI was '.dem'cal' In previous exper-
iments, we have shown that this infusion scheme leads to a stable

analysis was developed and applied to identify the lower IinmCrease in MAP and a stable reduction of RBF (19).
of autoregulation and to analyze the efficiency of renal auto-

regulation.

Autoregulation Protocol
Materials and Methods First, a baseline measurement of RBF and MAP was obtained.
Animals and Clipping Procedure Then, RPP was reduced in random order to 60, 70, 80, 90, 100, 110,

Male Sprague Dawley rats (200 to 350 g; Harlan-Olac, Blackthor! ,20‘ gnd, if applicable, to 130, 140, 150, and. 169 mmHg by adjusting
United Kingdom) received normal rat chow (sodium content 1 e sling around the aorta. After each reduction in RPP, the RBF was
IJ;eeézorded for at least 20 to 30 s. After each measurement at reduced

mmol/kg; Hope Farms, Woerden, The Netherlands) and had fi 8
access to tap water. Sentinel animals were monitored regularly RFP: the sling was released and RPP and RBF were allowed to return

infection by nematodes and pathogenic bacteria, as well as antibodfe§aseline values. After switching the infusion, at least 30 min was
for a large number of rodent viral pathogens, and were consisterfijWed to pass before another curve was recorded.

negative throughout the course of the experiments (17). The studies

were approved by the Utrecht University Board for studies in exper-

imental animals. Two groups of rats were studied. One group coBtatistical Analyses

sisted of 2K1C animals (= 9). Three weeks before the autoregula- The pressure system and the flow meter were connected to a
tion experiment, these rats were anesthetized with 0.19 mg/kersonal computer by an analog-to-digital converter with a sample
fentanyl citrate+ 6 mg/kg fluanisone subcutaneously (Hypn&tm frequency of 3 Hz. The RBF autoregulation curve was generated by
Janssen Pharmaceutica, Beerse, Belgium) and 2.5 mg/kg midazolgfapolating the values of RBF at different levels of RPP by linear
intraperitoneally (Dormicuff; Roche, Mijdrecht, The Netherlands) regression to exact values of 60, 70, 80, 90, 100, 120, and, if possible,
and placed on a servo-controlled heated operating table. The rightj3p 140, 150 and 160 mmHg. Renal vascular resistance (RVR)
kidney was exposed through a flank incision, and a 0.25-mm silVghs calculated as RPP divided by RBF. Data are expressed asimean
clip was placed around the renal artery, as described previously (18w, The lower limit of autoregulation and the degree of compen-
Normotensive animals served as contrais<( 9); three were sham- oqiion were calculated as outlined in the appendix. The degree of
operated and six were left untreated. Comparison between the shag;,  onsation is a measure of autoregulatory efficiency. In case there
operated and untreated controls revealed no differences and, ﬂ?é"?‘lo change in RBF upon a decrease in RPP, the value is 100%; in

these animals were pooled. case the change in RBF equals the change as expected if the vascular
bed would not autoregulate, the value is 0. Data from control rats and
2K1C rats were compared with two-way ANOVA and two-way

Surgical Procedure and Infusions : _
9 . . . ANOVA for repeated measurements. If a variance ratio reached
On the day of the experiment, the animals were anesthetized wi

Inactin (110 mg/kg body wt intraperitoneally) and placed on a Servstgatlstlcal significance, the Student-Newman-Keuls test_ was per-
! L rmed agost hodest. In case the data were not normally distributed,
controlled surgical table that maintained rectal temperature at 37 &

After intubation of the trachea, a catheter was placed into the lgnt\_/vo-way repeated-measur_e s ANOVA on ranks was used; this is
jugular vein (PE50) for infusion of solutions, and a second cathet'gld'cated in the Results section. . .
(PE10) was introduced for bolus injections. The femoral artery WasA new methOd was developed to estlmate_ the lower limit of
cannulated (PE50) to measure RPP and to collect blood samples. ?H@regulanon. The raw data of the autoregulation curves were sub-

left kidney was exposed through a flank incision, freed from surrounifg-cuEd .to 'nonlinear regrgssion analysis us.ing the logistic equation. The
ing tissue, and placed into a plastic holder: the left ureter was canfiRwer limit was then defined as the perfusion pressure, where the third

lated with PE-10 tubing. A 1RB ultrasonic flow probe was p|acegerivative of the fitted curve was 0, which mathematically defines the
around the left renal artery and connected to a transit time blood fiGijoulder in a sigmoidal curve. This method avoids the error intro-
meter (model T206; Transonics, Ithaca, NY). A sling was place#iced by the limited number of perfusion pressures at which RBF is

around the aorta between the renal arteries to enable reduction ofgMaluated. Also, if one uses an arbitrary decrease in RBF, one will
left RPP. incorrectly identify the lower limit of autoregulation in curves that

All animals received an intravenous infusion of a 150 mM Nac3how poor autoregulation. The exact mathematical derivation of the
solution containing 6% bovine serum albumin (Sigma Chemical Cdower limitis outlined in the Appendix, and an example of a curve and
St. Louis, MO) at a rate of 1Qul/min per 100 g body wt. After its derivatives is depicted in Figure 1. The lower limit of autoregula-
surgery, the infusion was switched to a 150 mM NaCl solution witiion was also determined manually in all curves by six members of the
1% bovine serum albumin at the same infusion rate. This infusion wagpartment; the intercept of the lines drawn through the lower part and
maintained throughout the experiment. Experimental compounitie upper part of the autoregulation curve was used as lower limit. It
were added to this standard solution. A 60-min equilibration periahould be emphasized that the interpreters were given a brief instruc-
was observed before the start of the measurements. At the end of gamhand that the curves were coded.
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Results
MAP, RBF, and RVR
General parameters of the rats are shown in Table 1. Under .

baseline conditions, MAP was significantly higher in the 2K1C 4| ac ac
hypertensive animals compared to the normotensive animale | 801
(P < 0.05) (Figure 2, top panel). During-NNA infusion,
MAP increased in both groups. Before infusion iGNNA,
RBF in the normotensive groups was significantly higher thant so 1
the RBF in the nonclipped kidney of 2K1C hypertensive ani- £ 40 b
mals (P < 0.05) (Figure 2, middle panel).-NNA infusion g’ 01
resulted in a significant decrease in RBF in the control and® *'] 104
2K1C animals. Under baseline conditions, RVR was signifi-
cantly higher in 2K1C animals compared to control animals
(P < 0.05) (Figure 2, bottom panel). RVR increased in both
groups in response to-NNA infusion. During.-NNA infu- Figure 2. Mean arterial pressure (MAP; top panel), renal blood flow

: . . RBF; middle panel), and renal vascular resistance (RVR; bottom
sion, the RVR in the contralateral kidney of 2K1C rats great . N e
' . 1) bef Basel dd N*-nitro-L- -NNA;
exceeded the RVR in control rats (P 0.05). anel) before (Baselin.)) and duringN™nitro-L-arginine ¢

W) administration in control (Control ], n = 9) rats and in non-

. clipped kidney of the two-kidney, one-clip (2K1@, n = 9) rats.

Autoregulation Curves: RBF and RVR Because of the differences in kidney weight, RBF and RVR are also
Control animals demonstrated autoregulation of RBF befoggown as corrected for kidney weighi® < 0.05 versusbaseline;

the infusion ofL.-NNA (Figure 3A). During the infusion of °P < 0.05 versuscontrol, baseline condition$P < 0.05 versus

L-NNA, autoregulation was preserved, as RBF was lower at afintrol, L-NNA infusion (ANOVA).

RPP (Figure 3A). In the contralateral kidney of 2K1C rats,

autoregulation under baseline conditions did not show such a

clear plateau as observed in the control animals (Figure 3A).

When expressed as percentage of control RBF (Figure 3B), this

is even more pronounced:NNA infusion again decreased

RBF at all perfusion pressures studied. Also, a plateau could

Control 2K1C Control 2K1C

50 4

40

m g/ml/min
3

30 4

20

RVR, mmHg/ml/min
jul

Control 2K1C Contro} 2K1C

Table 1. Baseline data of the normotensive (control) and
2K1C hypertensive rats administeredNNA®

Parameter Control 2K1C
now be observed in the autoregulation curves. It should be
9 9 emphasized that the average curves presented in the figure
Body weight (g) 275+ 8 318+ 5° underestimate the power of autoregulation of each individual
Left kidney weight (g) 1.16- 0.06  1.37=0.04°  rat, as not all lower limits of autoregulation are exactly similar.
Right kidney weight (g) ND 1.0% 0.06

a2K1C, two-kidney, one-clipt-NNA, No-nitro--arginine: ND. Autoregulation Curves: Lower Limit and Efficiency of

not determined.
bp < 0.05versuscontrol.
¢P < 0.05versusright kidney.

RBF Autoregulation
The lower limit was calculated from the fitted sigmoidal
curve and its third derivative as detailed in the Appendix.
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Under baseline conditions, the lower limit was 8 (n = 9)
mmHg in the normotensive rats. During infusion IGAINA,
the lower limit decreased to 76& 2 mmHg, a value not
significantly different from baseline (Figure 4). The degree of2 6 1
compensation under baseline conditions was not significant
different from the values observed during\NNA infusion in - 4 |
the normotensive rats (Figure 5), except at a pressure below §0
mmHg. Nevertheless, the entire curve was shifted upward,
indicating an overall tendency for better autoregulation during

kidney

_—

_ mean

\\\N\\

NO blockade.

In 2K1C hypertensive animals, the lower limit of autoregu- o4 « . . . r . . . . .
lation under baseline conditions was slightly higher than the 60 70 80 90 100 110 120 130 140 150 160
values observed in the normotensive animals {83 mmHg; Renal Perfusion Pressure, mmHg

2 ntk?ésli\clsS)h(()s\I/gel\J/Ler E?[)Heulg\(/jveerr (I:icr)nni(tjIgg(r:]rseg;:(;ogiki?f?cggtll\l igure 4. Reconstructed autoregulation curves in the normotensive
y ’ ! . 9 1y Aimals before (top panel; baseline) and during (bottom panel) the
72 = 5 mmHg (P< 0.05versusbasellr1e). At Iov.ver. perfusmn infusion ofL-NNA. The thick line indicates the average of the curves.
pressures, the degree of compensation was significantly IoW@k gecrease in the lower limit was not significant.

in the 2K1C rats compared to the control animals. Also, the

degree of compensation was less under baseline conditions

compared ta-NNA infusion in the 2K1C animals (Figure 5).

Thus, the contralateral kidney of 2K1C rats displayed impairgdotensive rats. In the 2K1C rats, these values were even higher
autoregulation under baseline conditions. A decrease in thied averaged 35 3 and 30+ 5 mmHg. This simple evalu-
lower limit and an increase in the efficiency of autoregulatiogtion reveals considerable error in manual interpretation of the
followed infusion ofL-NNA. curves.

Manual Estimates of the Lower Limit of AutoregulatioDiscussion

Manually determined (as determined by taking the averageThe central hypothesis of the present investigation was that
for each curve of the six interpretations), the lower limit wallO antagonizes autoregulation of RBF, in particular under
95 += 3 mmHg under baseline conditions in left kidneys of theonditions of enhanced Angll activity and enhanced ambient
normotensive rats and 104 3 mmHg in the nonclipped NO levels. To circumvent the possible errors of other methods,
kidneys of the 2K1C rats. During-NNA infusion, the lower a new mathematical method to assess the lower limit and the
limit decreased to 8& 3 and 93+ 4 mmHg in normotensive efficiency of renal autoregulation was developed. Using this
and 2K1C rats, respectively. This decrease was only significanéthod, only a significant increase in efficiency of autoregu-
in the 2K1C rats. lation was demonstrated at RPP values below 90 mmHg in

The differences between the estimates of the six interprete@motensive rats. In the contralateral kidney of the 2K1C
was quite high: On average, the difference between the high€stidblatt hypertensive rat, however, NO synthesis inhibition
and lowest estimate was 10 2 mmHg under baseline condi-resulted in a decrease in the lower limit of autoregulation and
tions and 13+ 4 mmHg duringL.-NNA infusion in the nor- anincrease in autoregulatory efficiency. This indicates that NO
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Figure 5. Efficiency of RBF autoregulation expressed as degree of Renal Perfusion Pressure, mmHg
compensation in control rats (Control; top panel) and in the contralat- . )
eral kidney of the 2K1C animals (bottom panel) under baseling " © §'Recon3trUCt8d autoregulatlop curves in th_e 2K1C hyperten-
conditions (O) and during-NNA infusion (@). P < 0.05 versus sive animals before (top panel; baseline) and during (bottom panel)

. . the infusion of L-NNA. L-NNA infusion resulted in a significant
baselineP < 0.05 t ts (ANOVA). . o . .
aseline, versusnormotensive rats ( ) decrease in the lower limit of autoregulatio® € 0.05). The thick
line indicates the average of the curves.

can oppose autoregulation of RBF in the contralateral kidneys
of 2K1C Goldblatt hypertensive rats.

Previous studies have yielded contrasting results as have yielded contrasting results is obscure; however, this could
whether NO is involved in autoregulation of RBF in normobe due to species differences, experimental setup, and different
tensive animals. In a study on the interaction of NO arattivities of NO and Angll in the various settings. Taken
prostaglandins on the RBF and papillary blood flow, @t together, these studies failed to show a consistent influence of
al. demonstrated that blockade of NO formation clearly d&NO on RBF autoregulation, and the findings of the present
creased the slope of the autoregulation curve. The curves of ¢iedy do not support an important influence of NO on auto-
average data revealed a decrease in the lower limit of autoreggulation in normotensive rats.
ulation. Although suggesting an improvement of RBF autoreg- Despite these findings, there are indications that NO mod-
ulation, the data were not analyzed to that purpose (20). utates autoregulation in various other tissues (7-9). In coronary
contrast, several studies have failed to show involvement &) and mesenteric (8) vessels, it has been demonstrated that
NO on autoregulation. NOS inhibition in normotensive ratslockade of NO synthesis leads to extension of the autoregu-
and dogs failed to affect RBF autoregulation (4,5). Majichl. latory range and to a decrease in the slope of the autoregulation
have published several reports on the autoregulatory behawiarve, respectively. Studies in the brain are less conclusive, as
of the kidney during NO synthesis inhibition in dogs (2,3) andne report indicated impaired (22), and another improved,
concluded that NO is not involved in the autoregulatory conautoregulation (7) of cerebral blood flow during NO synthesis
ponent of RBF regulation. Finally, there have been reports thahibition. It is surprising that no important influence of NO on
inhibition of NO synthesis leads to decreased efficacy of atenal autoregulation could be substantiated in normotensive
toregulation, suggesting that NO is important in the vasodilataats. The renal vasculature is under strong influence of NO, as
arm of the autoregulatory response (21). Why these studless been shown in many previous studies (1-4), and NOS has
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been detected in the endothelium (23) and in the macula detisat increasing degrees of stenosis in the ipsilateral kidney in
(24). At a functional level, Imiget al. demonstrated that the 2K1C model was associated with increasing depression of
L-NNA administration improves adjustments of the afferelRBF during application of systemic NO inhibition (12). Fi-
arteriole to decreases in perfusion pressure in the isolateddly, we have recently reported that NO production and ac-
perfused juxtamedullary nephrons (25). In the isolated-pdivity in the contralateral kidney is increased, assessed by use
fused hydronephrotic kidney, Hayastti al. found a left-shift of an intrarenal NO clamp, as well as by measuring,fN®,
of the relationship between RPP and afferent arteriolar diamxcretion (11). It is noted that in this study, NO dependency of
eter duringL-NNA administration (26). Furthermore, experi-the TGF systems was also studied. Maximum TGF responses
ments in our laboratory (10,27) and experiments by othedssplayed an exaggerated increase in response to proximal
(24,28) have shown that systemic, intraluminal, and peritubulabular infusion of.-NNA, indicating that the TGF system was
administration of -NNA leads to pronounced enhancements afampened by enhanced influence of NO (11). The very high
TGF responsiveness. This body of data on both the myoge®¥R in the contralateral kidney of the 2K1C rats compared
response and the TGF mechanism, which both participatewiith the kidneys of normotensive rats indicates a major influ-
renal autoregulation, supports that renal autoregulatory effince of NO in the present study. Thus, the present study
ciency will be enhanced during NO synthesis inhibition. Newsupports that enhanced NO activity serves to optimize RBF,
ertheless, only at the lower perfusion pressures could a sigmifhile it decreases the efficiency of autoregulation and shifts
icant increase in autoregulatory efficiency be demonstratéde lower limit of autoregulation to a higher level of RPP.
and no change in lower limit of autoregulation was observed. Impaired autoregulation of RBF has been observed in vari-
A new method was developed and applied to analyze tbas other models of hypertension, such as in the spontaneously
autoregulation curves, using nonlinear curve fitting to thieypertensive rat (31) and in the Dahl salt-sensitive rat (32). In
logistic equation. Correlation coefficients were between 0.9Be adult spontaneously hypertensive rat, the myogenic re-
and 0.99. The sigmoidal curve has the mathematical charaponse is impaired (26) and the TGF responsiveness is high
teristics of one inflection point and two shoulders, which caf83). The myogenic response improves upon application of NO
be found by differentiation. The lower limit of autoregulatiorsynthesis inhibition (26). The TGF response, however, does
was determined as that perfusion pressure at which the thirak show enhanced NO dependency as in the 2K1C rat (33).
derivative of the curve was 0. With this method, one cahhe response of overall autoregulation of RBF to NO synthesis
mathematically identify the shoulder of the autoregulatioimhibition has not been studied to our knowledge. In the Dahl
curve in a standardized manner. It substantially differs from tihat, the myogenic response is impaired (34) and the TGF
method employed by others, which uses the intersection of tegstem seems to react slightly more efficiently than in control
straight lines drawn through the lower and the upper part of thats (35). Systematic study has not been performed on the
autoregulation curve. This analysis of the lower limit of autanfluence of NO on TGF, myogenic response, and overall
regulation could introduce substantial interobserver error (4utoregulation of RBF in the Dahl rat. The present study adds
We evaluated the accuracy of this manual interpretation atwda further characterization of RBF regulation in the 2K1C
found considerable scatter between the determination of tmgpertensive model. It is now evident that the myogenic re-
lower limit among the interpreters of the curves. Anothesponse of the afferent arteriole of the contralateral kidney is
method that has been used in several reports identifies thminished (36), that TGF responsiveness is normal (11,18),
lower limit of autoregulation by finding the RPP value thaand that overall autoregulation of RBF is diminished (37). NO
decreases RBF by more than 0.2 ml/min per g kidney wt froactivity is enhanced in this kidney (11), and importantly con-
baseline levels (29). It is obvious that in case of poor autorefgibutes to the maintenance of RBF (11,12). Blockade of NO
ulation, this method will incorrectly identify the lower limit. synthesis improves efficiency of autoregulation and strongly
The main advantage of the newly developed strategy is that@mhances TGF responses (11). Thus, in contrast to the sponta-
arbitrary choices have to be made. In the present study, thisously hypertensive rat, NO is involved in both axes of the
new method was successfully applied and enabled the detagatoregulatory process. Additional studies should be aimed at
tion of a change in the autoregulatory behavior of the kidney determining the influence of hypertensiper seand the in-
renovascular hypertensive rats. fluence of the primary pathophysiologic disturbance in these
The contralateral kidney of 2K1C renovascular hypertensiveodels.
rats displayed impaired autoregulatory efficiency under base-A decrease in the lower limit and an increase in efficiency of
line conditions. Enhanced production and systemic delivery BBF autoregulation, serve, under physiologic conditions, to
Angll by the ipsilateral kidney forms the underlying endocrinbetter protect the kidney from fluctuations in RPP (38). The
disturbance (14). The defect in autoregulation of the contralatdaptation of the NO system in the contralateral kidney of
eral kidney is not compatible with increased actions of Angtenovascular hypertensive rats allows the kidney to increase
(16). NO synthesis inhibition decreased the lower limit anidlood flow upon further increases in RPRg., upon further
increased the efficiency (as assessed by the degree of compmererioration of systemic arterial pressure. In fact, NO synthe-
sation) in these kidneys. Several studies support that the ceis inhibition unmasks the real actions of Angll on RBF auto-
tralateral kidney of the 2K1C rat is under enhanced influencegulation: reduction of RBF at all perfusion pressures and
of NO. First, Angll can directly stimulate the expression o$tabilization of RBF upon changes in RBF, both at the lower
endothelial NOS (30). Furthermore, Beierwalegsal. showed end and at the upper end of prevailing perfusion pressures. The
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clinical relevance of the present findings is that intact endo- f(x)* = (1 + P94

thelial function may relatively protect the contralateral kidney - )

from sodium retention in renovascular hypertension. At Substituting yields:

present, it is unclear whether pharmacologic interventions im- eb(x—0)p3 (eP(x~9)23

proving endothelial dysfunction will lead to better control ok”(x) =

arterial pressure in experimental or human renovascular hyper-

tension. (eP~9)3p2
In summary, the present study identified that in the non- - 6m

clipped kidney of 2K1C hypertensive rats, the renal vascula-

ture of the nonclipped kidney displays a high sensitivity to NO. Replacinge®™~® by y yields:

Blockade of NO decreases the lower limit of autoregulation

and increases the efficiency of RBF autoregulation. This K"(x) = — yb® .6 y?b® _6 y’b®

change in autoregulatory behavior could be identified using a (L+y)? (L+y)3 1+ y*

newly developed analytical method. The adaptive increase in o ) o )

NO activity in the contralateral kidney of the 2K1C rat may BY multiplying with (1 + y)*and dividing byb® the equation

well protect the kidney from further increases in systemié Simplified to:

- (1 + eb(xfc))z + 6(1 + eb(x—c))s

arterial pressure. K"(X)(1 + y)4b® = —y(y? — 4y + 1)
Appendix Now find the values wher&”(x) = O:
Finding the_Pomt of Inflection and the Slope of the . \/m
Autoregulation Curve V—4dy+1=0>y= oy=+2
Assume a functioi(x): k(x) = 1/f(x). In a general case, one 2
can find the derivatives of this function. 3
First derivative: =\
(%) Remembery replacede®™ X
K'(x) = — f(x)2 3 In(+2 = \/g) + bc

e = +2x Box=

Second derivative: b
o 2 4 g , Adding the other constanta,andd, in the logistic equation
K'(x) = 1) :—(;)EX)Zf (0 &S K'(X) scales, the third derivative, however, does not influence value
of x where the third derivative equals 0. Parameters for the
—f(x)  2f'(x)? logistic equation for each individual curve were calculated
= f(x)2 + (0 using a nonlinear curve fitting routine with SigmaPlot (Jandel
Scientific®, Erkrath, Germany), and the result inspected in a
Third derivative: graph. The lower limit of autoregulation was then calculated
using the equation above. In the present study, this calculated
(%) = f7(x)  _Fx)f(x) (%) (x) value is used as the lower limit of autoregulation. An example
f(x)? f(x)® f(x)® of the application of this method is shown in Figure 1.
s Using the first derivative of the logistic equation and the
_ 6f (x) & K(X) obtained parameters, the slope of each individual curve was
f(x)* estimated at an RPP of 80, 90, 100, 110, 120 mmHg and, if
” , Y L ns possible, at 130, 140, 150, and 160 mmHg. The first derivative
— _f (%) 00 f'(x) _ (% of the logistic equation, as can be appreciated from the outline
f(x)? f(x)°® f(x)* above, is:
In the case tha(x) = 1 + €°*~9), the sigmoidal curve, then b(a — d)e’*9
K'(X) == oz
f'(x) = beP*~9 (1+ €79
f/(x) = b2ebo The degree of compensation can then be calculated as fol-
lows:
f7(x) = b3%"*~ 9 _ k' (x)
and Compensation 1 RBF(x)/MAP(x)
f(x)2 = (1 + e"x9)2 The degree of compensation should be interpreted as fol-

lows. If there is no autoregulation, the observed slope of the
f(x)° = (1 + e"x79)3 curve, k’(x), equals RBFX)/MAP(x), so the degree of com-
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pensation is 0. If there is perfect autoregulation, the observed
slope of the curvek’(x), is 0, and the degree of autoregulation

is 1.
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