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Introduction 

Pedersen, H. D.: Effects of mild mitral insufficiency, sodium intake, and place of 
blood sampling on the renin-angiotensin system in dogs. Acta vet. scand. 1996, 37, 
109-118. - In 23 Cavalier Kmg Charles Spam els, 12 with mild m1tral valve msuffic1ency 
(MVI) and 11 controls, the act1V1ty of the renm-ang10tensm system (RAS) was assessed 
by measunng the plasma renm activity (PRA) and plasma aldosterone concentrat10n 
(PAC) m 5 different settmgs. The dogs were sampled at the chmc before the tnal and 
thereafter at home and at the clime; dunng both a penod on control diet and a penod on 
low sodmm diet The dogs with mild MVI had the highest median PRA and PAC m all 
5 settmgs. An analysis ofvanance accordingly showed that dogs with mild MVI had s1g­
mficantly h1gher PRA (p<0.0001) and PAC (p = 0 03) than controls, and that the sodmm 
mtake and place of blood samplmg did not sigmficantly affect this findmg. The sodmm 
mtake had highly s1gmficant effects on PRA and PAC, and the place of blood samplmg 
had no s1gmficant effects on PRA and PAC. The activity of ang10tensm-convertmg en­
zyme m serum was lower m dogs with mild MVI than m controls (p = 0.0002). The 
plasma levels of endothelm-1, atnal natnuretlc peptide, and argmme vasopressm, 3 pep­
tides ofpathophys10logic importance m congestive heart failure, were not s1gmficantly 
changed by the disease. 
The early activation of the RAS m dogs with MVI suggests that the valvular disease pro­
cess itself might be the cause of the act1vat10n, but confinnat10n of this reqmres further 
studies 

aldosterone; angiotensin-converting enzyme; arginine vasopressin; atrial natriuretic 
peptide; Cavalier King Charles Spaniels; endocardiosis; endothelin-1; heart disease; 
pathophysiology; plasma renin activity. 

The renin-angiotensin system (RAS) is impor­
tant in the pathophysiology of congestive heart 
failure together with the sympathetic nervous 
system and peptides such as atrial natriuretic 
peptide (ANP), arginine vasopressin (AVP), 
and endothelin-1 (ET-1) (Francis 1990). The 
rate limiting step in the RAS is the release ofre­
nm from the juxtaglomerular cells in the kid­
ney. Renm cleaves the decapeptlde angiotensin 

I of circulating angiotensinogen. Angiotensin­
converting enzyme (ACE) then quickly con­
verts angiotensin I to the octapeptide angioten­
sin II, the active component in the RAS. 
Angiotensin II is a potent vasoconstricting 
agent and an important acute stimulus for the 
synthesis of aldosterone in the adrenal glands. 
In a recent study, we found that clinically 
healthy Cavalier King Charles Spaniels 
(CKCS) without heart murmurs had a high 
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plasma renin activity (PRA) and low plasma al­
dosterone concentration (PAC), and thus a 
much higher PRA to PAC ratio than dogs from 
5 other breeds (Pedersen et al. 1995a). The 
CKCS breed is known to be highly predisposed 
to mitral valvular insufficiency (MVI) due to 
chronic valvular disease (CVD) (Thrus.field et 
al. 1985, Darke 1987, Haggstrom et al. 1992, 
Beardow & Buchanan 1993), and a large pro­
portion of young CKCS without heart murmurs 
has been found to have echocardiographic signs 
of early mitral valvular disease (Pedersen et al. 
1995b ). It is therefore possible that the high 
PRA to PAC ratio found in CKCS in the afore­
mentioned study might have been associated 
with developing CVD. The theory that CVD is 
associated with changes in the RAS is sup­
ported by a recent study showing that CKCS 
with asymptomatic and mildly symptomatic 
MVI have higher PRA and PAC than CKCS 
without MVI (Pedersen et al. l 995c ). This find­
ing was in contrast to the low-normal activity of 
the systemic RAS that is usually found in mild 
or stable heart failure in humans (Nicholls 
1993). It could be speculated that the dogs with 
MVI in the above-mentioned study might have 
had a RAS activity more like the controls if 
they had been sampled in a home setting and 
thus had avoided the "exercise" of being trans­
ported to the clinic (Pedersen et al. 1995c ). Hu­
man patients with mild untreated congestive 
heart failure have been reported to have a 
greater rise in PRA during exercise than control 
subjects (Kirlin et al. 1986). Another factor 
with a large potential to influence the RAS is 
the sodium intake (Davis & Freeman 1976). It 
is not known whether a reduction in sodium in­
take will result in the same increase in RAS ac­
tivity in dogs with mild MVI as in controls. 
The present study aimed to evaluate the effects 
of mild MVI, place of blood sampling (home 
versus clinic), and sodium intake (normal ver­
sus low) on the RAS in CKCS. Endothelin-1, 
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ANP, and AVP were also measured in dogs with 
mild MVI and in controls. 

Materials and methods 
Dogs 
Twenty-three CKCS were included in the study. 
Before entering the study, all the dogs were ex­
amined clinically, and with electrocardiography 
and echocardiography, and dogs with a systolic 
murmur also had thoracic radiography. It was 
found that none of the CKCS showed signs of 
other heart diseases than CVD, that 12 of the 
dogs ( 4 males and 8 females) had MVI, and that 
11 (3 males and 8 females) were without heart 
murmur. Of the dogs with MVI, 10 were 
asymptomatic, and 2 were mildly symptomatic 
with a history of coughing. The left atnum to 
aortic root ratio (LA/ Ao) was measured from 
short axis 2-D echocardiograms taken at the 
aortic valve level as described by Haggstrom et 
al. (1994). Baseline characteristics with respect 
to age, weight, heart rate, and different echocar­
diographic measurements are shown in Table 1 

Table I. Baselme charactenstlcs of 23 Cavalier 
Kmg Charles Spamels, 11 controls and 12 with mild 
m1tral valve msuffic1ency (MVI) enrolled m the smdy 
(mean± SD) 

Age (years) 
Weight (kg) 
Heart rate (beats/mm) 
LVEDD(mm) 
LVESD(mm) 
LID(%) 
LA/Ao rat10 

Controls MVI 

4.7 ± 1.7 
9.5 ± 1.2 
129 ± 24 

26 6 ± 1.4 
18 5 ± 1.6 
30 7 ± 4.8 

1.2 ± 0.2 

6 8 ±2.2* 
9.6 ± 1.7 
123 ± 12 

28.2 ± 3.3 
19.0±24 
32.5 ± 4 3 
10±02 

LVEDD = left ventncular end-diastolic diameter; 
LVESD = left ventricular end-systolic d!ameter, 
LID = fractional shortenmg of the left ventricle; 
LA/ Ao ratio = ratio of the the left atrmm to aortic 
root diameter; * = s1gmficantly different from con­
trols (p<0.05). 
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for dogs with and without MVI. All the dogs in 
the study had no or only slight enlargement of 
the left atrium (LA/Ao<l.5). None of the dogs 
with MVI had signs of congestion or edema on 
thoracic radiographs. The dogs received no 
medication 4 weeks prior to or during the study. 
Hematological and biochemical analyses of 
blood samples of the dogs prior to the experi­
ment revealed no abnormalities, and none of 
the dogs showed signs of diseases other than 
MVI. 

Protocol 
After the initial examination at the clinic, all 
dogs were given a canned control diet for 3 
weeks followed by a 3-week period on a canned 
low sodium diet (WALTHAM Veterinary Diet 
Canine Low Sodium. MF, Austria). The control 
diet was made by adding sodium chloride to 
half the batch of low sodium diet just before it 
was canned. Hence only the content of sodium 
chloride differed between the two diets. The 
low sodium diet contained 0.09 g Na+ per 400 
Kcal metabolizable energy and the control diet 
contained 0.51 g Na+ per 400 Kcal. At the in­
itial examination at the clinic, blood samples 
for analysis of PRA, PAC and serum ACE activ­
ity (S-ACE) were taken. Five to 8 days mto both 
3-week penods, blood samples for analysis of 
PRA, PAC and S-ACE were taken in a home 
setting. At the end of each three-week period, 
blood samples for analysis of PRA, PAC, 
S-ACE, ET-1, ANP and AVP were taken at the 
clinic. 

Sample collection and analytic procedures 
All samples were collected after an overnight 
fast by the same people between 09.00 am and 
11.00 am. The samples were taken by cephalic 
venipuncture with the dogs in a sitting position, 
and great care was taken to minimize stress dur­
ing the procedure. All samples were taken dur­
ing the initial examination after the dog had 

been given time to acclimatize. Furthermore, 
the owner was present next to the head of the 
dog to calm it. Blood for PRA and PAC deter­
mination was drawn into iced EDTA-contain­
ing tubes (Vacutainers®, Becton-Dickinson) 
and centrifuged at 4 °C within one and a half 
hours. The plasma was kept at-20°C until anal­
ysis. PRA was assayed with a radioimmunoas­
say based on angiotensin I trapping by antibody 
as described by Poulsen & Jorgensen (1974). 
The PAC was determmed with a RIA-kit (Coat­
A-Count®, Diagnostic Products Corporation). 
All measurements were done in duplicate. The 
serum angiotensin-converting enzyme activity 
(S-ACE) was measured spectrophotometrically 
with a kit (Angiotensin Converting Enzyme 
(ACE)®, Sigma), applied to a Cobas Fara® 
(Roche) centrifugal analyser (Jensen & Koch 
1992). 
Blood samples for the determination of ET-1, 
ANP and AVP were collected into iced 5 ml 
polyethylene tubes containing EDTA (25µmol) 
and aprotinin (Novo Nordisk, Denmark) (2700 
KIU) and centrifuged at 4 °C withm an hour. 
The plasma was kept at -20°C until analysis. 
The 3 peptides were measured as described 
elsewhere (Schiitten et al. 1987, Emmeluth & 
Bie 1992, Emmeluth et al. 1994). 

Statistical analyses 
PRA and PAC data are expressed in medians 
and interquartile intervals (25-75 percentile) 
smce the Shapiro-Wilk test indicated that the 
values were not distributed in a Gaussian man­
ner. To evaluate the effects of disease status, so­
dium intake, place ofbloodsamphng, and indi­
vidual dog (within disease status group) on 
PRA, PAC, and S-ACE, a 4-way analysis of var­
iance was performed on the values obtained in 
the 4 settings in which the dogs were on a con­
trolled diet. The residuals were tested for nor­
mality and homogeneity of variance using the 
Shapiro-Wilk test and residual plots, respec-
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Figure 1. Plasma renm actlVlty (PRA) m 23 Cavaher Kmg Charles Spamels: 12 with mild m1tral valve msuf­
fic1ency (MVI) and 11 controls. The dogs were exammed under 5 different c1rcumstances with respect to place 
of blood samphng and diet. 

tively. To obtain normality and homogeneity of 
variance in the PRA, PAC, and S-ACE values, 
logarithmic transformations were performed 
before analyses. To compare the ET-1, ANP and 
AVP values obtained at the end of the first 3-
week period with the ones obtained at the end 
of the second period, a paired Students t-test 
was used. To compare controls with diseased 
dogs with respect to the same 3 peptides an un­
paired Students t-test was used. Changes were 
considered to be statistically significant when 
p<0.05. 

Results 
The PRA, PAC, and S-ACE values found in the 
5 different settings are shown in Fig. l, 2, and 3, 
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respectively. It appears that the dogs with mild 
MVI had higher median PRA and median PAC 
than the controls in all 5 settings. In accordance 
with this, the analysis of variance showed a sig­
nificant difference between dogs with mild 
MVI and controls both with respect to PRA 
(p<0.0001) and PAC (p = 0.03). The sodium in­
take was also found to have a significant effect 
on PRA (p = 0.0003) and PAC (p<0.0001). The 
median PRA of the controls increased from 
l .57 ng/ml/h to 2.34 ng/ml/h, and the median 
PRA of the dogs with MVI increased from 2.87 
ng/ml/h to 4.44 ng/ml/h as a response to the low 
sodium diet. The median PAC increased more 
in response to the reduced sodium intake: from 
16.5 pg/ml to 136 pg/ml in the controls, and 
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Figure 2. Plama aldosterone concentration (PAC) m 23 Cavalier Kmg Charles Spamels: 12 with mild m1tral 
valve msuffic1ency (MVI) and 11 controls. The dogs were exammed under 5 different c1rcumstances with respect 
to place of blood samplmg and diet. The values from each dog are presented together with medians and 25 to 75 
mterquartile mtervals. 

from 41.5 to 232 pg/ml in the dogs with MVI. 
The place of blood sampling was found to have 
no significant effect on PRA (p = 0.11) and PAC 
(p = 0.53). Interactions between disease status 
and sodium mtake, between disease status and 
place of blood sampling, and between sodium 
intake and place of blood sampling were found 
to have no significant effects on PRA and PAC. 
The inter-individual variation contributed sig­
nificantly to the overall variation with respect to 
both PRA (p<0.0001) and PAC (p<0.0001). 
The percentage of the total sum of squares that 
were accounted for by the model (the R-square 
of the model) was 77% in the case of both PRA 
and PAC. 
The dogs with mild MVI had a lower median S-

ACE than the controls in all 5 settings (Fig. 3). 
The analysis of variance accordingly showed 
that disease status had a significant effect on S­
ACE (p = 0.0002). The place of blood sampling 
had no significant effect on S-ACE (p = 0.50), 
but the sodium intake had a significant effect, 
with lower S-ACE values being measured dur­
ing the low sodium period (p = 0.01). The inter­
individual variation was significant also in the 
case of S-ACE (p = 0.002). 
The sodium intake was found to have no signif­
icant effect on ET-1, ANP, and AVP, neither in 
dogs with mild MVI nor in controls. In ad­
dition, the dogs with mild MVI were not signif­
icantly different from the controls with re­
spect to either ET-1 (3.71 pg/ml vs. 2.94 pg/ml, 
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Figure 3. Serum ang1otensm-convertmg enzyme actlVlty (S-ACE) m 23 Cavalier Kmg Charles Spaniels: 12 
with mJid m1tral valve msuffic1ency (MVI) and 11 controls. The dogs were exammed under 5 different circums­
tances with respect to place of blood sampling and diet The values from each dog are presented together With 
medians and 25 to 75 mterquart1le mtervals. 

p = 0.16), ANP (43.9 pg/ml vs. 44.3 pg/ml, 
p = 0.93), or AVP (4.02 pg/ml vs. 3.80 pg/ml, 
p = 0.50). 

Discussion 
The present study shows that the PRA and PAC 
are increased and that the S-ACE is decreased 
in dogs with mild MVI. The sodium intake was 
found to have significant effects on the RAS in 
itself but not in interaction with disease status. 
The place of blood sampling was found to have 
no significant effects on the RAS, neither in it­
self, nor in interaction with disease status. 
Attempts were made in the present study to 
keep the total variation in the data as low as pos-
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sible. All the dogs were untreated dogs from 
one breed, and all dogs were fed the same diet. 
In addition, all blood samples were taken m ex­
actly the same way each time by the same peo­
ple. Still, only 77% of the total variation in the 
PRA and PAC data could be accounted for by 
the statistical model used for the analyses of 
variance. This, however, is probably as good as 
can be expected since both renin and aldoste­
rone are known to have a predominantly burst­
like mode of secretion (Vieweg et al. 1992). 
The present study shows that our previous find­
ing of an activated RAS in CKCS with asymp­
tomatic and mildly symptomatic MVI holds 
true when the sodium intake of the dogs is con­
trolled (Pedersen et al. l 995c ). In addition, it is 
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shown in a more unambiguous way here than in 
the aforementioned study that the RAS is acti­
vated early on in the course of the disease. The 
dogs with MVI seemed to be little different 
from the controls with respect to heart rate and 
dimensions of the left ventricle and left atrium 
(Table 1 ), and furthermore, 10 of the 12 dogs 
were asymptomatic. The fact that neither so­
dium intake nor place of blood sampling inter­
acted with disease status suggests that the find­
ing of high RAS activity in dogs with mild MVI 
is robust. No setting seemed to be better suited 
than the rest to detect a difference between dogs 
with MVI and controls. 
The median PRA and PAC values found at the 
clinic when the dogs entered the study are m 
good accordance with values found previously 
in CKCS dogs under similar circumstances 
(Pedersen et al. 1995c). Feeding the dogs 2 dif­
ferent sodium levels disclosed, as expected, that 
the sodium intake has highly significant effects 
on PRA and PAC. A difference, however, was 
found in the response of the 2 hormones to a re­
duced sodium intake. The PAC increased more 
than the PRA, resulting in a higher PAC to PRA 
ratio during the low sodium penod both in dis­
eased and control dogs. A similar observation 
was made when the same diets were used to 
study the RAS in Beagles, and as discussed in 
that study, it is hkely that the shift in PAC to 
PRA ratio is due to the high potassium relative 
to sodium content of the diets (Pedersen et al. 
1994a). Compared to the Beagles in that study, 
it appears that the controls in the present study 
have higher PRA and lower PAC. The same 
finding of a high PRA and low PAC in CKCS 
was also made when CKCS was compared with 
5 other breeds with respect to PRA and PAC 
(Pedersen et al. 1995a). 
The level of RAS activity has been found to 
correlate well with clinical state in humans with 
congestive heart failure (Dzau et al. 1981). In 
untreated humans with asymptomatic left ven-

tricular dysfunction, the PRA has been found to 
be the same as in controls (Francis et al. 1990). 
In dogs with expenmentally-induced heart fail­
ure it has also been shown that the activity of 
the RAS correlates well with the degree of cir­
culatory impairment (Watkins et al. 1976). The 
present findings of an increased RAS activity in 
dogs with mild disease suggests that a mecha­
nism other than impaired circulation could be 
responsible for the increased RAS activity. The 
fact that the dogs in this study had no or only 
slight enlargement of the left atrium suggests 
that they had a small regurgitation, and it does 
not seem likely that many of these dogs needed 
an activated RAS to maintain blood pressure. 
The aforementioned findmg of a high PRA to 
PAC ratio in the highly predisposed CKCS 
breed prompted us to suggest that a defect or 
dysregulation in the RAS might be associated 
with developmg CVD (Pedersen et al. 1995a). 
A reason for advancing this hypothesis was that 
mitral valve prolapse (MVP) in humans is 
known to be associated with a neuroendocrine 
or autonomic dysfunction in many cases 
(Coglan 1988, Boudoulas et al. 1989), and that 
we found MVP m the majority of young CKCS 
without heart murmurs (Pedersen et al. 1995b ). 
The findings in the present study supports the 
hypothesis that developing CVD is associated 
m some way with changes in the RAS. Autora­
diographic studies of rat hearts in vitro supports 
the concept that the RAS might have effects on 
valve leaflets. It has been found that a high den­
sity of ACE and a low density of ang1otensin II 
receptors is present in valve leaflets (Pinto et al. 
1991, Yamada et al. 1991, Sun et al. 1994). Fu­
ture autoradiographic studies might clarify 
whether the RAS ts involved in the degenera­
tive changes of the leaflets found in CVD in 
dogs. 
The finding of a significantly lower S-ACE in 
dogs with mild MVI than in controls suggests 
that low activity of this enzyme is associated 
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with the disease process. Further supporting 
this is the finding that normal Beagles have 
higher S-ACE than the controls in this study 
(Pedersen et al. 1994a). In 3-year-old Beagles 
without heart murmurs, we have previously 
shown that only l out of 15 had echocardio­
graphic signs of early mitral valve abnormal­
ities as compared with 13 out of 15 age- and 
sex-matched CKCS without murmurs (Peder­
sen et al. 1995b). Among dogs without heart 
murmurs, the Beagles can thus be considered to 
have less developing CVD than the controls in 
this study. An insertion/deletion polymorphism 
in the ACE gene has been shown to account for 
nearly half the variation in S-ACE among peo­
ple (Rigat et al. 1990). This polymorphism has 
been shown to be a risk factor for different heart 
diseases in man including myocardial infarc­
tion and dilated cardiomyopathy (Cambien et 
al. 1992, Raynolds et al. 1993). Whether such a 
polymorphism exists in dogs and whether it 
might be a risk factor for CVD in dogs remains 
to be investigated. 
The dogs with mild MVI in this study were not 
significantly different from controls with re­
spect to ET-1. This supports that the dogs with 
MVI had little circulatory impairment since 
plasma levels of ET-1 are known to correlate 
with pulmonary capillary wedge pressure (Voll­
mar 1992). With respect to ANP and AVP, it 
was also found that there was no significant dif­
ference between dogs with mild MVI and con­
trols. Haggstrom et al. (1994) have previously 
shown that ANP is not increased in dogs with 
mild MVI. The present findings confirm this 
and furthermore show that an increase of 
plasma AVP in dogs with mild MVI is not to be 
expected either. These findings with respect to 
ANP and AVP are in contrast to findings in hu­
mans with asymptomatic heart disease. Signifi­
cantly higher levels of ANP and AVP have been 
found in untreated humans with asymptomatic 
left ventricular dysfunction (Francis et al. 
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1990). Whether this difference is due to species 
specific differences in the neuroendocrine re­
sponse to asymptomatic heart disease or 
whether it is related to the different disease eti­
ology is not known. The atria might have been 
more dilated in the humans with asymptomatic 
left ventricular dysfunction than in the dogs 
with MVI in the present study. This might ex­
plain the difference with respect to ANP since 
atrial stretch is known to be the mam stimulus 
for ANP release (DeBold et al. 1991, Hagg­
strom et al. 1994). The lack of effect of sodium 
intake on ET-1, ANP, and AVP has previously 
been reported in normal Beagles (Pedersen et 
al. 1994b ). Based on the results presented here, 
it seems that the same is true for CKCS irre­
spective of whether or not they have mild MVI. 
In conclusion, the present study shows that 
dogs with mild MVI have higher PRA and PAC, 
and lower S-ACE than controls, and that the so­
dium intake and place of blood sampling does 
not significantly affect this finding. The sodium 
intake greatly influences PRA and PAC, but the 
place of blood sampling seems to have insignif­
icant influence on PRA and PAC. The early ac­
tivation of the RAS in dogs with MVI suggests 
that the valvular disease process itself might be 
the cause of the activation, but confirmation of 
this hypothesis requires further studies. 
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Sammendrag 
Ejfekter af mild m1tralinsuffic1ens, natrzum indtag og 
sted for blodprevetagmng pa remn-angiotensm 
systemet hos hund 

I denne unders0gelse blev akt1V1teten af renm-angio­
tensin systemet (RAS) bed0mt pa 12 Cavalier Kmg 
Charles Spamels med mild m1tralinsuffic1ens (MVI) 
og pa 11 kontroller af samme race, ved at mate 
plasma renm akt1V1teten (PRA) og plasma aldosteron 
koncentratlonen (PAC) 5 gange F0rste malmg var 
ved fors0gets start, og derefter blev hundene malt 
save! hJemme som pa klmikken: F0rst under en pen­
ode pa kontroldlret, og demrest under en penode pa 
!av-salt d1ret. Medlanvrerdleme for PRA og PAC var 
h0Jere hos hundene med MVI end hos kontrolleme 
ved alle 5 blodprnvetagnmger I overensstemmelse 
hermed v1ste en vanansanalyse, at hundene med 
MVI havde s1grufikant h0Jere PRA (p<O 0001) og 
PAC (p = 0.03) end kontrolleme, og at hverken stedet 
hvor blodprnveme blev taget eller d1reten havde s1g­
mfikant mdflydelse pa dette fund D1reten, og denned 
natrium mdtaget, havde en s1grufikant mdflydelse pa 
PRA (p = 0 0003) og PAC (p<0.0001), mens stedet 
hvor blodprnveme blev taget mgen s1gn1fikant effekt 
havde Serumkoncentrat1oneme af ang1otensmkon­
verterende enzym var lavere hos hundene med MVI 
end hos kontrolleme (p = 0.0002) Plasmamveaueme 
af endotelm-1, atrialt natriuretisk pept1d og vasopres­
sm, der alle har patofys1olog1sk betydnmg ved kon­
gest1v hjertemsuffic1ens, var 1kke s1gn1fikant rendrede 
hos hunde med lavgrad1g MVI. 
Den t1dhge aktivermg af RAS hos hunde med MVI 
kunne tyde pa, at selve sygdomsprocessen 1 klap­
peme er assoc1eret med st1gnmgen. Y derhgere un­
ders0gelser er 00dvendlge for at bev1se dette. 
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