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Abstract

Angiotensin Il (Angll) infusions augment renal angiotensinogen mRNA and protein and urinary
angiotensinogen excretion (UagT). Further experiments were performed in 4 groups of rats: normal
salt diet with sham operation, NS+Sham, n=6; NS with Angll infusion at 40 ng/min via osmotic
minipump, NS+Angl1(40), n=9; NS with Angll infusion at 80 ng/min, NS+Angll1(80), n=9; high-
salt diet with deoxycorticosterone acetate salt pellet (100 mg), HS+DOCA, n=4. These experiments
sought to determine whether enhanced UagrT is specifically associated with increased kidney Angll
levels or is a nonspecific consequence of the hypertension. Systolic BP (SBP) was significantly
increased to 131+2 and 162+2 mm Hg at day 11 in NS+Angl1(40) and NS+Angl1(80), respectively,
compared with NS+Sham (110+1). Regression analysis demonstrated a positive relationship
(R=0.49) between SBP and UagT for NS+Sham (1.1+0.3 nmol Angl/d), NS+Angl1(40) (2.5+0.9),
and NS+Angl1(80) (5.5£1.5). UagT Was also highly correlated (R=0.70) with kidney Angll content
for NS+Sham (496 fmol/g), NS+Angl1(40) (215+49), and NS+Angl1(80) (347+47); but not with
plasma Angll (R=0.12). HS+DOCA rats also exhibited increased SBP to 1341 mm Hg, but UagT
(1.4£0.4 nmol Angl/d) and intrarenal Angll content (13£2 fmol/g) were not increased despite the
hypertension. Infused human angiotensinogen could not be detected in urine of sham-operated or
Angll-infused rats (n=4 each). These data demonstrate that UagT increases in Angll-dependent
hypertension in a dose- and time-dependent manner, but not in hypertension elicited by HS+DOCA.
The results support the hypothesis that Angll-dependent hypertension results in elevated intrarenal
Angll and angiotensinogen levels, reflected by increased UagT, which does not occur in an Angll-
independent hypertensive model.
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In previous studies, we demonstrated that chronic angiotensin (Ang) Il infusion results in
significant increases in renal expression of angiotensinogen protein,l as well as
angiotensinogen MRNA.2 Furthermore, we recently showed that urinary excretion of
angiotensinogen was significantly increased and was associated with enhanced intrarenal
Angll levels in Angll-infused rats fed a high-salt diet.3 These results prompted us to perform
further experiments to evaluate the relationships between urinary excretion rates of
angiotensinogen and intrarenal activity of the renin-angiotensin system (RAS), as well as blood
pressure (BP), in Angll-induced hypertensive rats and in a volume-dependent model of
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hypertension induced by administration of a high-salt diet and deoxycorticosterone acetate salt
(DOCA).

This study was performed to address the following hypotheses: (1) urinary excretion of
angiotensinogen during Angll infusions is enhanced in a dose- and time-dependent manner,
(2) enhanced urinary excretion of angiotensinogen during Angll infusions is closely associated
with increased kidney Angll levels, (3) enhanced urinary excretion of angiotensinogen is not
primarily a consequence of the elevated arterial pressure or of hypertension-induced
proteinuria, and (4) urinary excretion of angiotensinogen originates from the kidney and not
the plasma.

Preparation of Animals

The experimental protocol was approved by the Tulane Animal Care and Use Committee. Male
Sprague-Dawley rats (175 to 200g, Charles River, Wilmington, Mass.) were housed in wire
metabolic cages and maintained, with free access to water, in a temperature-controlled room
regulated on a 12-hour light/dark cycle. Rats (n=40) were fed a commercially available rat
chow containing normal salt (NS, 0.6% sodium chloride, Harlan Teklad 170950, n=36) or high
salt (HS, 8% sodium chloride, Harlan Teklad TD 79119, n=4) for 2 weeks. Rats were
anesthetized with sodium pentobarbital (50 mg/kg, intraperitoneally), and an osmotic
minipump (Alza) or a pellet of DOCA (100 mg, Innovative Research M-121) was implanted
subcutaneously at the dorsum of the neck on day 0. Rats were selected at random from the NS
group to serve as sham controls (n=10) or to receive Angll (Calbiochem-Novabiochem)
infusion at a rate of 40 ng/min for Angl1(40), n=9, or 80 ng/min for Angl1(80), n=17. Systolic
BP was measured in conscious rats using tail-cuff plethysmography at days —1, 3, 7, and 11 in
Angll(40) (n=9), Angll(80) (n=9), Sham (n=10), and HS+DOCA (n=4) groups.

Sample Collection

Twenty-four hour urine samples were collected on days 0, 4, 8, and 12 in 0.6 mL distilled water
containing 50 ug pepstatin A, 10 mg sodium azide, 300 nmol enalaprilat, and 125 umol EDTA
as previously reported. Sin separate studies, we determined that an addition of 50 ug of
pepstatin to the cocktail for 24-hour urine collections is essential because urine samples that
do not contain pepstatin do not have arrested formation of Angl from angiotensinogen. In urine
samples from 4 rats, Angl values were 59.6+5.0 pmol/mL without incubation with excess renin
versus 60.1+£10.5 pmol/mL following 2-hour incubation with excess renin. This indicates that
the generation of Angl from urinary angiotensinogen is complete during the 24-hour collection
period in the absence of pepstatin. However, we determined that 50 xg pepstatin does not inhibit
the conversion of angiotensinogen to Angl following addition of excess renin in urine samples
collected from Angll-infused rats (80 ng/min for 2 weeks, n=4). Urinary Angl generation is
very low (0.31+0.13 nmol/d) and increases 14-fold (4.24+0.28) with the addition of excess
renin (60 V). In contrast, collection of urine samples in 500 xg pepstatin inhibits the generation
of Angl in the presence (0.77+0.20) and in the absence (undetectable) of excess renin. Urine
samples were centrifuged and supernatant was separated and stored at —20°C until assayed for
total protein and angiotensinogen concentrations. Urinary concentration of protein was
measured by a colorimetric assay using a commercially available kit (Bio-Rad).

Blood and kidney samples were harvested on day 13. After decapitation, trunk blood was

collected into 2 chilled tubes containing EDTA (5 mmol/L) for plasma renin activity or EDTA
(5 mmol/L), enalaprilat (20 umol/L), pepstatin A (10 umol/L), and 1,10-phenanthroline (1.25
mmol/L) for plasma Angll. Plasma was separated and stored at —20°C until assayed for plasma
renin activity and Angll as previously described. 1,2 Immediately after removal, kidneys were
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homogenized in cold methanol and processed for measurement of renal Angll as previously
described. 1,2

Measurements of Plasma and Kidney Angll

Plasma and kidney Angll measurements were performed as previously described6-8 using a
combined method of solid phase extraction and radioimmunoassay (RIA). Plasma and kidney
samples were extracted on C18 reverse-phase bond elute columns (Varian Inc, 1210—2005 for
plasma, 1210—-2032 for kidney). RIA was performed using 12°I-Angll (NEN Life Sciences,
NEX-105) and Angll antiserum (Phoenix Pharmaceuticals Inc, RAB-002—-12) with
commercially available standards (Phoenix Pharmaceuticals Inc, 002—12).

Measurements of Urinary Angiotensinogen

Urinary excretion of angiotensinogen was evaluated by RIA as previously reported.ll?’v8 RIA
was performed to measure Angl generated following incubation of samples with excess
amounts of porcine renin (Sigma, 60 xU). RIA of Angl was performed with a commercially
available kit (Incstar). Urine samples were incubated with renin at 37°C and removed from
incubation at 0, 10, 30, 60, and 120 minutes. The amount of Angl generated at each time point
was determined by comparison to the standard curve. The Angl produced was plotted versus
time, and saturation kinetics due to conversion of all angiotensinogen to Angl was observed
by 60 minutes. The sensitivity of the standard curve, defined as the smallest value that can be
distinguished from zero, is 13.9 fmol/tube of Angl. Data on the cross-reactivity of the antiserum
used in the kit are expressed as the ratio of Angl concentration to the cross-reacting substance
concentration at 50% inhibition of maximum binding as follows: Angl 100%, synthetic renin
substrate tetradecapeptide 0.02%, Angll <0.03%, and Anglll <0.03%.

Acute Experiment of Human Angiotensinogen Infusion

Angll-infused (80 ng/min for 2 weeks, n=4) and sham-operated (n=4) rats were anesthetized
with Inactin (100 mg/kg, intraperitoneally) and prepared for acute clearance studies as
previously described.® During the surgical preparation, Ringer's solution containing 6% bovine
serum albumin (pH 7.4) was infused intravenously at a rate of 20 xL/min to replace volume
losses. Thereafter, Ringer's solution containing 1% bovine serum albumin (pH 7.4) was infused
at a rate of 20 xL/min for the duration of the stabilization and experimental periods. Systolic
and diastolic BP were monitored via a femoral artery catheter. After a 60-minute stabilization
period, 2 consecutive 30-minute urine samples were collected. Then, purified human
angiotensinogen (100 ug, Calbiochem-Novabiochem) was infused for 1 minute at time 0. Urine
samples (=100 uL) were collected every 30 minutes for 300 minutes from a catheter placed in
the left ureter into an inhibitor cocktail as previously reported.3 Blood samples (=100 L) were
collected via the catheterized artery at time 0 and 300 minutes with inhibitor cocktails as
previously described.3 Blood and urine samples were centrifuged, and supernatant was
separated and stored at —20°C until assayed for human and rat angiotensinogen by Western
blot analysis.

Western Blot Analysis of Angiotensinogen

Western blot analysis of collected plasma (0.1 xL) and urine (1.5% of 30-minute collection,
~1.5 uL) samples against rat and human angiotensinogen was done with a standard protocol
as described previously.l'3 Membranes were probed with sheep anti-rat angiotensinogen
primary antibody (1:5000, 2 hour), stripped with Western Re-Probe solution (Geno
Technology) and reprobed with rabbit anti-human angiotensinogen primary antibody, newly
developed as described below (1:5500, 2 hour). Corresponding secondary antibodies were
purchased from Amersham Pharmacia Biotech (1:3000, 1 hour).
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Primary Antibody against Human Angiotensinogen

Multiple alignment of amino acid sequences between rat angiotensinogen (GeneBank
Accession No. AAA98779) and human angiotensinogen (NP_000020) are summarized in the
Table. Multifactorial analysis as an antigen was employed (Genetyx, Software Development
Co). Underlined sequences in the Table (TELNLQKLSNDRIR) were chosen as an antigen for
generation of the human angiotensinogen antibody. Peptide synthesis, immunization of rabbits,
and affinity purification were performed by Zymed Laboratories.

Statistical Analysis

Statistical analysis was performed using a 1-way factorial or a 2-way repeated ANOVA with
the post hoc Scheffé F test. All data are presented as mean+SEM. P<0.05 was considered
significant.

Experimental Design

Results

To address the Angll dose- and time-dependency of urinary excretion of angiotensinogen, data
were compared among the Sham, Angl1(40), and Angl1(80) groups of rats. Because the
combined treatment of HS and DOCA induced a volume-dependent hypertension equivalent
to that observed in the Angll(40) rats, comparisons were made between Angli(40) and HS
+DOCA groups of rats.

Angll Infusions and Urinary Angiotensinogen

Angll infusion significantly increased systolic BP in a time- and dose-dependent manner.
Systolic BP was 131+2 mm Hg in the AnglI(40) rats and 162+2 mm Hg in the Angl1(80) rats
by the 11th day of infusion (Figure 1A). Angll infusion significantly suppressed plasma renin
activity (5.5+0.7 ng of Angl/mL per hour for Sham, 0.2+0.1 for Angl1[40], and 0.1+0.1 for
Angl1[80]). Plasma Angll concentrations (Figure 1B) tended to increase with Angll infusion
with values 76% greater than Sham rats (49+16 fmol/mL) in AnglI(80) rats (86+8), but these
changes did not achieve statistical significance in this series of experiments (P=0.10).
However, kidney Angll content increased significantly at each dose of Angll infusion (49+6
fmol/g for Sham, 215+49 for AnglI[40], and 347+47 for Angl1[80]) as shown in Figure 1C.

Angll infusion caused an increased urinary excretion of protein as depicted in Figure 2A.
Similarly, Angll infusion led to progressive increases in urinary excretion rate of
angiotensinogen (Figure 2B). Regression analysis showed a positive relationship between
systolic BP at day 11 and urinary angiotensinogen excretion at day 12 (Figure 3A). Plasma
Angll concentration was not correlated with UagT (Figure 3B); however, regression analysis
demonstrated that kidney Angll content was highly correlated with urinary angiotensinogen
excretion (Figure 3C).

DOCA plus high-salt diet rats significantly increased systolic BP (112+2 mm Hg at day —1,
120+3 at day 3, 135+3 at day 7, and 1341 at day 11) to levels achieved with 40 ng/min Angll
infusion by day 11 (Figure 4A). Plasma renin activity was suppressed by high-salt diet and
DOCA (0.1+0.1 ng of Angl/mL per hour) to similar values found in the Angl1(40) rats (0.2
+0.1). Plasma Angll concentrations tended to decrease in HS+DOCA rats (27+5 fmol/mL),
but these changes were not statistically significant compared with those measured in the Angll
(40) rats (6211, P=0.07). However, kidney Angll content was significantly lower in HS
+DOCA (13£2 fmol/g) compared with the Angl1(40) group (215+49).
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Urinary excretion of protein at day 12 is depicted in Figure 4B. Urinary excretion of protein
(8.0£2.0 mg/d at day 0 and 38.9+9.7 at day 12) was significantly higher in the HS+DOCA rats
compared with Angll(40) animals at day 11 despite similar levels of systolic BP. In contrast,
urinary excretion of angiotensinogen at day 12 (Figure 4C) was significantly lower in HS
+DOCA rats than in Angll-infused rats. Urinary excretion of angiotensinogen was unchanged
in HS+DOCA rats over time (0.9£0.3 nmol/d at day 0 and 1.4+0.4 at day 12).

Primary Antibody Against Human Angiotensinogen

Purified human angiotensinogen (25 to 50 ng) and human plasma (0.025 to 0.05 xL) were
probed with the newly developed human angiotensinogen antibody (Figure 5A). Purified
human angiotensinogen and human plasma showed bands at 60 kDa, which is consistent with
a previous report.10 When the antiserum was preadsorbed with purified human
angiotensinogen, the 60-kDa bands of the purified human angiotensinogen and human plasma
were abolished (Figure 5B). These results indicate that the antiserum recognizes human
angiotensinogen. A 50-kDa band was observed in the human plasma sample, which may be
nonspecific binding because it was still evident after preadsorption of the antiserum. The 50-
kDa band is also recognized in rat plasma samples in Figure 6.

Hemodynamic Effects of Human Angiotensinogen Infusion

Systolic (Figure 7A) and diastolic (Figure 7B) BP and urinary volumes (Figure 7C) are shown
before and after administration of purified human angiotensinogen. BP of Angll-infused rats
was significantly higher than that of sham-operated rats. However, administration of human
angiotensinogen did not alter BP in either group. Urinary volume was not different between
groups and was not altered by administration of human angiotensinogen. These results indicate
that administration of 100 «g human angiotensinogen does not affect the hemodynamics of
rats.

Western Blot Analysis of Angiotensinogen

Representative films of Western blot analysis of an Angll-infused (Figures 6A and 6B) or
sham-operated (Figures 6C and 6D) rat against rat angiotensinogen (Figures 6A and 6C) and
human angiotensinogen (Figures 6B and 6D) show that the antibody against rat
angiotensinogen does not recognize human angiotensinogen (the right blank lanes on Figures
6A and 6C). Rat angiotensinogen was detected in plasma and urine before and after the
administration of human angiotensinogen. Human angiotensinogen, however, was detected
only in the plasma collected after the administration of human angiotensinogen, but was not
detected in the urine in Angll-infused or sham-operated rats. As described in the methods
section, the low molecular weight bands in rat plasma samples before and after the
administration may be nonspecific binding. We repeated the same procedures with 4
independent rats from both groups, and the results were similar. The failure to detect human
angiotensinogen in the urine suggests limited glomerular permeability and/or tubular
degradation. These results indicate that urinary angiotensinogen originates from the kidney
and not the plasma.

Discussion

The present study demonstrates that chronic Angll infusion leads to increases in urinary
excretion of angiotensinogen in a time- and dose-dependent manner. These results are
consistent with previous data showing that chronic Angll infusion significantly increases renal
expression of angiotensinogen mRNA levels2:11 and protein levels.L As previously shown,
Angll infusion enhances kidney Angll content even when the increases in plasma Angll
concentration were not statistically signiﬁcamt.l'3 Because intrarenal angiotensinogen protein
is predominantly localized to proximal tubular cells2:12-18 and there is extensive expression
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of Angll type I receptor on proximal tubular cells, 19 it seems likely that, in Angll-infused rats,
the modest increases in Angll, either in the filtrate or interstitial fluid, activate the Angll type
| receptor complex and enhance angiotensinogen expression in proximal tubular cells, leading
to increased angiotensinogen secretion. Presumably, increased angiotensinogen secretion from
proximal tubular cells into the lumen is responsible for the increased urinary excretion rate of
angiotensinogen. These increased levels of angiotensinogen in the urine indicate that greater
amounts of angiotensinogen traverse the distal nephron segments and may result in increased
formation of Angll in distal as well as proximal tubular fluid. The increased tubular Angll
formation may be partially responsible for the elevated intrarenal Angll content found in this
model.

Chronic Angll-induced hypertension was also associated with increased urinary protein
excretion. Thus, it is possible that the enhanced urinary excretion rate of angiotensinogen
during Angll infusions is a nonspecific consequence of the hypertension or of the increases in
urinary excretion of protein. To address these issues, the urinary excretion rate of
angiotensinogen was investigated in the DOCA plus high-salt hypertensive model, which
displays markedly depressed plasma renin activity.20 Although some studies have used the
combination of DOCA, uninephrectomy, and high-salt diet, this combination induces severe
hypertension with systolic BP of approximately 190 mm Hg.21 For the present study, however,
we employed DOCA and high-salt diet without uninephrectomy to induce a mild hypertension
that was equivalent to the NS+Angl1(40) group. The lower dose of Angll infusion or the
combination of high-salt diet and DOCA increased systolic BP to similar levels. Interestingly,
urinary protein excretion in HS+DOCA was significantly higher than in the Angll-infused rats.
In contrast, urinary excretion of angiotensinogen was significantly lower in HS+DOCA rats
than in the Angll-infused rats. These results demonstrate a dissociation between urinary protein
excretion and the urinary angiotensinogen excretion rate. Thus, the enhanced urinary excretion
rate of angiotensinogen is not simply the consequence of hypertension or proteinuria.
Collectively, the results indicate that the enhanced urinary excretion rate of angiotensinogen
is specifically a consequence of Angll-induced hypertension and the associated stimulation of
intrarenal angiotensinogen mRNA and protein levels.

The amounts of urinary angiotensinogen measured in this study are low (1 to 6 nmol/d)
compared with the circulating concentrations of angiotensinogen (800 to 1000 pmol/mL),
suggesting the possibility that urinary angiotensinogen is derived from circulatory
angiotensinogen. However, previous studies have suggested that angiotensinogen excreted into
urine reflects the intrarenal production of this protein rather than filtered angiotensinogen.
There is evidence that angiotensinogen is not filtered across the glomerular membrane because
of the size of circulating angiotensinogen (60 to 65 kDa) and that urinary angiotensinogen is
of proximal tubular cell origin.23‘25 Some of degraded angiotensinogen in plasma may be
filtered in the glomerulus, and, therefore, urine samples may include degradated fragments of
angiotensinogen. However, our Angl RIA method for the measurement of urinary
angiotensinogen detects only intact angiotensinogen containing the Angl peptide. To address
this issue more directly, we performed experiments in which human angiotensinogen was
infused intravenously into both sham-operated normotensive and Angll-infused hypertensive
rats. As described in the Table, rat angiotensinogen and human angiotensinogen have a similar
structure and an equivalent molecular size, but rat renin is species-specific and cannot cleave
human angiotensinogen;26 therefore, human angiotensinogen is inactive in the rat. Indeed,
administration of human angiotensinogen did not alter arterial BP or urine flow in either sham-
operated or Angll-infused hypertensive rats. Although we could clearly detect human
angiotensinogen in the plasma, we were not able to detect any trace of human angiotensinogen
in the urine of either control or Angll-infused rats, indicating that circulating angiotensinogen
is not excreted in the urine of either control or Angll-infused rats. The failure to detect human
angiotensinogen in the urine supports limited glomerular permeability and/or tubular
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degradation of filtered angiotensinogen. Therefore, the results support the hypothesis that
urinary angiotensinogen originates from the kidney and not the plasma.

In the previous paper by Von Thun et al,27 it was reported that 40 ng/min of Angll infusions
for 2 weeks in uninephrectomized rats failed to show significant increases in renal or hepatic
expression of angiotensinogen mRNA assessed by Northern blot analysis in a limited number
(n=4) of rats. Thus, in that study performed in a small number of animals, the lower dose of
Angll infusion was not sufficient to induce statistically significant augmentation of renal and/
or hepatic expression of angiotensinogen. In a more recent study, however, we reported that
80 ng/min of Angll infusions for 2 weeks evoked significant increases in renal and hepatic
expression of angiotensinogen MRNA?Z assessed using reverse transcription-polymerase chain
reaction. The present study is an extension of this more recent report and shows that 80 ng/min
of Angll infusions significantly increases urinary excretion of angiotensinogen. Thus, the
current study differs from that of Von Thun? in that the rats were not nephrectomized and a
higher dose of Angll was used to obtain statistically significant elevations in renal and urinary
angiotensinogen levels.

We and other investigators have previously shown that Angll, both in vivo and in vitro, elicits
enhanced kidney angiotensinogen mRNA expression and protein levels.12:11,28 stydies have
demonstrated that Angll type | receptor blockade markedly reduces the increased intrarenal
Angll that develops with chronic Angll infusions8 and the increased angiotensinogen mMRNA
by Angll exposure in immortalized rat proximal tubular cells.28 The current study was not
designed to address the role of the Angll type I receptor in the regulation of renal and urinary
angiotensinogen levels. Future studies will examine the effect of Angll type 1 receptor
antagonists on kidney angiotensinogen mRNA expression and protein levels, as well as urinary
angiotensinogen excretion rates in Angll-infused rats.

Although we did not directly examine intrarenal angiotensinogen formation in this study, we
and others have previous shown that (1) angiotensinogen is not filtered across the glomerular
membrane,23-2 (2) renal angiotensino%en mRNA and protein are predominantly expressed
and localized in proximal tubule cells,2:12-18 (3) chronic Angll infusion results in significant
increases in renal expression of angiotensinogen protein,1 as well as angiotensinogen mRNA,
1,2,11 which is associated with an augmented urinary excretion of angiotensinogen in Angll-
infused rats.3 Collectively, the data support the hypothesis that intrarenal angiotensinogen
formation is responsible for the augmented urinary angiotensinogen excretion rates.

Perspectives

This study demonstrates that chronic Angll infusions to normal rats significantly increased
urinary excretion of angiotensinogen in a time- and dose-dependent manner that was associated
with elevation in kidney Angll levels. Urine excretion of angiotensinogen was closely
correlated with systolic BP and kidney Angll content, but not with plasma Angll concentration.
In contrast, hypertension elicited with a combination of high-salt diet and deoxycorticosterone
acetate salt pellet was not associated with increased urinary angiotensinogen excretion rates,
even though there was an increase in urinary excretion of total protein. These data indicate that
urinary excretion of angiotensinogen reflects intrarenal angiotensinogen levels and may
provide a useful method for detecting enhanced intrarenal Angll activity in the absence of
elevated systemic renin or Angll concentrations. Together with our previous findings showing
that Angll infusions increased renal angiotensinogen mRNA and protein levels, the data
support the hypothesis that urinary excretion of angiotensinogen provides a specific index of
intrarenal Angll production in Angll-dependent hypertension. To the extent that this
hypothesis is shown to be applicable to human subjects, a diagnostic test that would identify
those hypertensive patients most likely to respond to drugs that block the actions of the renin-
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angiotensin system could provide information to allow a mechanistic rationale for selecting an
optimized approach to treatment.
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Figure 1.

A, Systolic BP in 3 groups measured at —1, 3, 7, and 11 days. Systolic BP was unaltered during
the protocol in the Sham group; however, Angll infusion significantly increased systolic BP

in a time- and dose-dependent manner. *P<0.05 vs day —1; TP<0.05 vs Sham group at a given
time period. B, Plasma Angll concentrations in Sham and Angll-infused rats. C, Kidney AnglI
contents in Sham and Angll-infused rats. *P<0.05 vs Sham group.
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Figure 2.

A, Urinary protein excretion rates in Sham and Angll-infused rats. B, Urinary excretion rates
of angiotensinogen (UagT) in Sham and Angll-infused rats. *P<0.05 vs day 0; TP<0.05 vs
Sham group at the same time period.
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A, Regression analysis between systolic BP at day 11 and urinary angiotensinogen excretion
at day 12 (R=0.49). B, Regression analysis between plasma Angll concentrations and urinary
angiotensinogen excretion at day 12 (R=0.12). C, Regression analysis between kidney Angll
contents and urinary angiotensinogen excretion (R=0.70).
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A, Systolic BP at day 11 in NS+Angl1(40) and HS+DOCA groups. B, Urinary excretion of

protein at day 12 in NS+Angl1(40) and HS+DOCA. C, Urinary excretion rates of

angiotensinogen in Angll-infused rats and in HS+DOCA rats. *P<0.05 vs NS+Angl1(40)

group.
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Figure 5.

A, Purified human angiotensinogen (A, 25 to 50 ng) and human plasma (P, 0.025 to 0.05 xL),
were probed with a newly raised antiserum against human angiotensinogen. Purified human
angiotensinogen and human plasma showed bands at 60 kDa (black arrows). B, When the
antiserum was preadsorbed with purified human angiotensinogen, these bands were abolished
(black arrows). The lower band at 50 kDa of human plasma sample (white arrows) may be
nonspecific binding.
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Figure 6.

Representative films of Western blot analysis of Angll-infused (A and B) or sham-operated
(C and D) rats against rat angiotensinogen (A and C) and human angiotensinogen (B and D).
A and C, The antibody against rat angiotensinogen does not recognize human angiotensinogen
(the right blank lanes on panels A and C). Rat angiotensinogen was detected in plasma and
urine before and after the administration of human angiotensinogen. B and D, Human
angiotensinogen was detected only in the plasma collected from rats infused with human
angiotensinogen. Human angiotensinogen was not detected in the urine in either Angll-infused
or sham-operated rats. The lower bands at 50 kDa of rat plasma samples may be nonspecific
binding. P, on the left, indicates 0.1 uL of plasma sample before the administration; U, 1.5%
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of urine sample collected every 30 minutes from 30 minutes before the purified human
angiotensinogen infusion to 300 minutes after; P, on the right, 0.1 uL of plasma sample after
the administration of human angiotensinogen; A, purified human angiotensinogen, 75 ng on
Panel B, 25 ng on Panel D.
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Systolic (A) and diastolic (B) BP and urinary volume (C) before and after administration of
purified human angiotensinogen. Administration of human angiotensinogen did not alter BP
in either group. Urinary volume was unchanged between groups or by administration of human

angiotensinogen. *P<0.05 between Angll-infused and sham-operated rats.
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Multiple Alignment of Amino Acid Sequences Between Rat and Human Angiotensinogen

Rat R MTPTGAGLKATIFCILTWVSLTAGDRVYIHPFHLLYYSKSTCAQLENPSVE 51

Human 1 MRKRAPQSEMAPAGVSLRATILCLLAWAGLAAGDRVY IHPFHLVIHNESTCEQLAKAHAG 60
* Kk k ok hhkk ok ok Kk ok kkkkhhhkhkkhkhkhk hhkk hk

Rat 52 TLPEPTFEPVPIQAKTSPVDEKTLRDKLVLATEKLEAEDRQRAAQVAMIAHFMGFRMYKM 11

Human 61 KPKDPTFIPAPIQAKTSPVDEKALQDQLVLVAAKLDTEDKLRAAMVGMLAHFLGFRIYGM 120
Khk Kk kkhhkhhkkhhhhk Kk k hhk kk hhk khhkk ok Kk hkk hhkk ok ok

Rat 112 LSEARGVASGAV-LSPPALFGTLVSFYLGSLDPTASQLQVLLGVPVKEGDCTSRLDGHKV 170

Human 121 HSELWGWHGATVLSPTAVFGTLASLYLGALDHTADRLQAILGVPWKDKHCTSRLDAHKV 180
Kk kk kk hhkk ok hhhhk ok kkk hk kk hhk kkkk ok hkkkkk hhkk

Rat 171 LTALQAVQGLLVTQGGSSSQTPLLQSTWGLFTAPGLRLKQPFVESLGPFTPAIFPRSLD 230

Human 181 LSALQAVQGLLVAQGRADSQAQLLLSTWGVFTAPGLHLKQPFVQGLALYTPWLPRSLD 240
* *k hk kk * k%

Rat 231 LSTDPVLAAQKINRFVQAVTGWKMHLPLEGVSTDSTLFENTYVHFQGKMRGFSQLTGLHE 290

Human 241 FTELDVAAE-KIDRFMQAVTGWKTGCSLMGASVDSTLAFNTYVHFQGKMKGFSLLAEPQE 299
* Kk kk kk hhkkkhhk k ok ok hhhk hhhhhhkhkhhhk kkk ok Kk

Rat 291 FWVDNSTSVSVPMLSGTGNFQHWSDAQNNFSVTRVPLGESVTLLLIQPQCASDLDRVEVL 350

Human 300 FWVDNSTSVSVPMLSGMGTFQHWSDIQDNFSVTQVPFTESACLLLIQPHYASDLDKVEGL 359

* * *k Kk *%* *

Rat 351 VFQHDFLTWIKNPPPRAIRLTLPQLEIRGSYNLQDLLAQAKLSTLLGAEAHLGKMGDTHP 410

Human 360 TFQQNSLNWMKKLSPRTIHLTMPQLVLQGSYDLQDLLAQAELPAILHTELNLQKLSNDRI 419
Kk Kk ok ok hk ok kk hhk kkk hhkkkkhkhkhk ok ok ok hk ok

Rat 411 RVGEVLNSILLELQAGEEEQPTESAQQPGSPEVLDVTLSSPFLFAIYERDSGALHFLGRV 470

Human 420 RVGEVLNSIFFELEADEREPT-ESTQQLNKPEVLEVTLNRPFLFAVYDQSATALHFLGRV 478
Fhhhkkkkhhkhk khk Kk Kk Kk Kk kk hk khhkkk hhk khkhhhk k hhhhhhkk

Rat 47 DNPQNW 477

Human 479 AHPLSTA 485

Fk

Rat angiotensinogen and human angiotensinogen have a similar structure and an equivalent molecular size, but rat renin is species-specific and cannot

cleave human angiotensinogen;26 therefore, human angiotensinogen is inactive in rat. Underlined sequences were chosen as an antigen for the generation
of human angiotensinogen antibody because of the least degree of homology. Bolded sequences correspond to Angl. Asterisks indicate complete match
at those sites.
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