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To support their combined use, the objective of the study was to evaluate the effects 
of benazepril and pimobendan on serum angiotensin-converting enzyme (ACE) activity 
in dogs. A total of 48 healthy beagle dogs were randomized into four groups (n = 12 
per group) in a parallel-group design study: A (control, placebo twice daily (BID)); B 
(0.5–1.0 mg/kg benazepril once daily (SID) in the morning, placebo in the evening); C 
(0.25–0.5 mg/kg benazepril BID); D (0.25–0.5 mg/kg benazepril and 0.125–0.25 mg/
kg pimobendan, both BID). The test items were administered orally for 15 days. Serum 
ACE activity was measured on days 1 and 15. Groups B, C and D had significantly 
lower average serum ACE activity compared to baseline and to the control group, on 
both days 1 and 15. There were no significant differences in average ACE activity be-
tween groups B, C and D. Noninferiority of group C to B was demonstrated. In conclu-
sion, 0.25–0.5 mg/kg benazepril administered BID produced noninferior inhibition of 
serum ACE activity compared to 0.5–1.0 mg/kg benazepril dosed SID. Pimobendan 
had no significant effect on benazepril’s action on serum ACE activity. The results sup-
port the use of benazepril BID in dogs and in combination with pimobendan.

Congestive heart failure (CHF) is a common clinical syndrome in dogs 
and standard therapy includes “triple therapy”, consisting of the com-
bination of the diuretic furosemide, an angiotensin-converting en-
zyme (ACE) inhibitor and pimobendan (Atkins et al., 2009). Benazepril 
(Fortekor®; Elanco Animal Health, Greenfield, US) is an ACE inhibitor, 
while pimobendan (Vetmedin®; Boehringer Ingelheim, Ingelheim, 
Germany) is an inodilator which combines vasodilation via inhibition of 
phosphodiesterase III and inotropy due to calcium sensitization (Boyle 
& Leech, 2012). Both benazepril and pimobendan are registered in the 
EU and other countries for the treatment of CHF in dogs.

To facilitate dosing in dogs with CHF, a fixed combination tab-
let of benazepril and pimobendan (Fortekor Plus®; Elanco Animal 
Health, Greenfield, US) has been recently developed. Benazepril is 
registered as a single active ingredient with once daily (SID) dosing 
in dogs, with a minimum starting dosage of 0.25 mg/kg which may 
be doubled to 0.5 mg/kg if needed. Pimobendan is registered as a 
single active ingredient with a minimum daily dosage of 0.2 mg/kg, 
and a dosage range of 0.125–0.227 mg/kg administered twice daily 
(BID) in the dosing guide for dogs weighing 11–20 kg (www.vmd.
defra.gov.uk/…/SPC_Documents/SPC_187645.doc, accessed 26 July 
2017). To be consistent with pimobendan dosing recommendations, 

Fortekor Plus® is recommended with BID dosing and with no option 
to double the dosage. The dosage of benazepril in Fortekor Plus® is a 
minimum of 0.25 mg/kg BID, that is equivalent to the doubled dosage 
in Fortekor®.

To support the registration of Fortekor Plus®, the primary ob-
jective of this study was to compare the efficacy of BID versus SID 
administration of benazepril. Serum ACE activity was used as the phar-
macodynamic endpoint as it is the target enzyme for an ACE inhibi-
tor. Benazepril inhibits plasma ACE activity with SID dosing in dogs 
(King, Mauron, & Kaiser, 1995; Toutain, Lefebvre, & King, 2000). The 
hypothesis of the study was that benazepril would produce statisti-
cally noninferior inhibition of serum ACE activity at a minimum dosage 
of 0.25 mg/kg BID compared to 0.5 mg/kg SID. A secondary objec-
tive was to assess whether adding pimobendan to benazepril would 
change the effect of benazepril on serum ACE activity; no effect was 
anticipated.

The study was conducted in compliance with the Swiss law for an-
imal protection under a permit approved by the Swiss cantonal animal 
welfare committee and after approval of the protocol by the company 
Global Animal Welfare Unit. The current state of scientific knowledge 
does not provide acceptable alternatives, in vitro or otherwise, to 
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the use of live animals to accomplish the objectives of the study. The 
manuscript was prepared in compliance with the ARRIVE Guidelines 
Checklist for animal in vivo experiments (Kilkenny, Brown, Cuthill, 
Emerson, & Altman, 2010).

A total of 48 healthy laboratory beagle dogs were randomized by 
computer into four groups with stratification by sex (n = 6 males and 
n = 6 females per group). For all dogs, the median (range) age was 25 
(13–113) months and body weight was 9.2 (7.0–14.0) kg. Values in 
groups A, B, C and D were, respectively, 23 (13–47), 33 (22–42), 33 
(13–113) and 19 (13–65) months, and 9.9 (8.3–14.0), 9.2 (7.7–12.4), 
10.2 (7.0–13.0) and 8.8 (7.4–12.3) kg. After 1 week of acclimatization, 
the test items were administered orally for 15 consecutive days to cre-
ate steady-state conditions for benazepril, which are achieved in dogs 
within 6 days for plasma concentrations and within 4 days for plasma 
ACE activity (King et al., 1995). All dogs were administered the test 
items in the morning at 07:00 and evening at 19:00. Dosages admin-
istered are shown in Table 1. The target daily dosage of benazepril, ad-
ministered as the hydrochloride salt, was the same (minimum 0.5 mg/

kg/day, range 0.5–1.0 mg/kg/day) in groups B, C and D but was dosed 
either once (range 0.5–1.0 mg/kg SID, group B) or twice daily (range 
0.25–0.5 mg/kg BID, groups C and D). For group B, dogs received 
benazepril in the morning and placebo in the evening. Pimobendan 
was administered at a target minimum dosage of 0.125 mg/kg (range 
0.125–0.25 mg/kg) BID (group D). The test items were Fortekor® 5 mg 
tablets for benazepril and Vetmedin® 1.25 mg chewable tablets for 
pimobendan. The placebo tablets had the same composition as the 
benazepril tablets except that the benazepril was replaced by lactose.

The study was not blinded as the primary endpoint, serum ACE 
activity, is measured objectively.

Blood samples were taken by needle from cephalic or jugular veins 
into tubes without anticoagulant (Sarstedt® Monovette Serum Gel 
Z/1.1 ml, Nümbecht, Germany). The serum was collected and stored at 
−70°C or less until analysis. Samples were taken on the first (day 1) and 
last (day 15) treatment days at the following times (hr): −1, 0, 0.5, 1, 2, 4, 8, 
12, 12.5, 13, 14, 16, 20 and 24. Serum ACE activity was measured using 
a commercial radio-enzymatic assay (ACE Direct, Bühlmann Laboratories 

Study group
Dosing BID or 
SID

Benazepril (hydrochloride) 
dosage (mg/kg)

Pimobendan dosage  
(mg/kg)

Mean Min Max Mean Min Max

Aa BID 0 0 0 0 0 0

Bb SID 0.71 0.54 0.97 0 0 0

C BID 0.36 0.25 0.48 0 0 0

D BID 0.35 0.28 0.45 0.17 0.14 0.23

aPlacebo group.
bBenazepril administered in the morning, placebo in the evening.
BID = twice daily dosing, SID = once daily dosing.

TABLE  1 Dosages of benazepril and 
pimobendan administered to the four study 
groups

F IGURE  1 Mean and SD serum ACE 
activity. N = 12 dogs per group [Colour 
figure can be viewed at wileyonlinelibrary.
com]Time (hr)
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AG, Schönenbuch, Switzerland). The manufacturer provided the follow-
ing information on the assay: intra-assay precision (2.2%), inter-assay 
precision (4.3%), limit of detection (0.4 U/L) and limit of quantification 

(2.0 U/L). The assay measures ACE activity in all species but is calibrated 
for human ACE activity. This was judged to be acceptable, as ACE activity 
was assessed relative to baseline and to compare groups.

Factor Study group Day Ratio
Lower 
95% Cl

Upper 
95% Cl p value

Treatment A 0.98 0.87 1.10 .6761

B 0.14 0.12 0.16 <.0001

C 0.13 0.11 0.14 <.0001

D 0.13 0.12 0.15 <.0001

Treatment × day A 1 1.00 0.88 1.12 .9415

B 1 0.13 0.12 0.15 <.0001

C 1 0.14 0.12 0.15 <.0001

D 1 0.14 0.13 0.16 <.0001

A Last (15) 0.96 0.85 1.08 .4606

B Last (15) 0.14 0.13 0.16 <.0001

C Last (15) 0.12 0.11 0.13 <.0001

D Last (15) 0.12 0.11 0.14 <.0001

p values in bold are < .05.
Ratios < 1 represent inhibition of ACE post-treatment relative to pretreatment.
ACE, angiotensin-converting enzyme; CI, confidence interval.

TABLE  2 Estimates for the ratio of 
average serum ACE activity (0.5–24 hr) 
post/pretreatment for the factors 
treatment and treatment × day

Study group

Ratio Lower 95% Cl Upper 95% Cl p valueNumerator Denominator

A B 7.03 5.91 8.35 <.0001

A C 7.66 6.50 9.03 <.0001

A D 7.38 6.26 8.70 <.0001

B C 1.09 0.92 1.30 .3187

B D 1.05 0.88 1.25 .5704

C D 0.96 0.82 1.14 .6482

p values in bold are <.05.
Ratios > 1 represent greater inhibition of ACE in the denominator group.
ACE, angiotensin-converting enzyme; CI, confidence interval.

TABLE  3 Estimates for the ratio of 
average serum ACE activity (0.5–24 hr) 
between groups (factor treatment)

TABLE  4 Estimates for the ratio of serum ACE activity between groups (factor treatment) at E12 hr and E24 hr

Study group E12 hr E24 hr

Numerator Denominator Ratio�
Lower  
95% Cl

Upper  
95% Cl p value Ratio

Lower  
95% Cl

Upper  
95% Cl p value

A B 6.65 5.50 8.05 .0001 4.82 3.75 6.18 .0001

A C 5.26 4.37 6.33 .0001 5.87 4.60 7.48 .0001

A D 6.52 5.42 7.85 .0001 5.80 4.53 7.41 .0001

B C 0.79 0.65 0.96 .0167 1.22 0.95 1.56 .1189

B D 0.98 0.81 1.19 .8335 1.20 0.93 1.55 .1480

C D 1.24 1.03 1.49 .0234 0.99 0.77 1.26 .9198

p values in bold are <.05.
Ratios > 1 represent greater inhibition of ACE in the denominator group.
ACE, angiotensin-converting enzyme; CI, confidence interval; E12 hr, effect at 12 hr; E24 hr, effect at 24 hr.
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The experimental unit was each dog. Serum ACE activity data were 
analysed statistically after log transformation by repeated measures 
analysis of variance with classification variables: day (1, 15); sex (male, 
female); time in hr; treatment (A, B, C, D); and interactions of day, time 
and treatment. The ACE activity pretreatment was determined from 
the mean of the baseline values at −1 hr and 0 hr. For ACE activity, 
the main endpoint was the average activity from 0.5 to 24 hr (deter-
mined from the area under the curve) to test the effect over the dos-
ing interval with SID dosing. In addition, ACE activities at 12 hr and 
24 hr (respectively, E12 hr and E24 hr) were compared to evaluate the 
trough effect, respectively, with BID and SID dosing. Analyses were 
conducted using SAS® procedure mixed (SAS® System for Windows 
2002–2003; SAS® Institute Inc., Cary, NC, US). Two-tailed p val-
ues < .05 were defined as significant. Noninferiority was concluded if 
the lower boundary of the 95% confidence interval (CI) for relative 
efficacy was greater than 0.80 (with the delta defined as 0.20).

All the test articles were tolerated well. No adverse effects were 
reported. Data from all 48 dogs were included in the analyses.

Mean (SD) ACE activity data are shown in Figure 1. For the aver-
age ACE activity post-treatment (from 0.5 to 24 hr), there were signif-
icant effects for day (p < .0001), treatment (p < .0001), hr (p < .0001) 
and the interactions day × hr, treatment × day and treatment × hr (all 
p < .0001), but not sex (p = .71) or the three-way interaction treat-
ment × day × hr (p = .16). Groups and days were compared, therefore, 
in post-hoc analyses (Tables 2 and 3).

Average ACE activity was not significantly different post versus 
pretreatment in the control group (A) (Table 2), as expected. In con-
trast, for groups B, C and D, average ACE activity was significantly 
(p < .0001) lower post-treatment compared to pretreatment (Table 2). 
Ratios of ACE activity post/pretreatment were similar in all three 
groups (B, C and D), with a range of 0.12–0.14 representing 86–88% 
inhibition of ACE compared to baseline. In the subgroup analyses, 
there was a highly significant day × treatment interaction for groups B, 
C and D (p < .0001) but the ratios of ACE activity were similar on the 
first (0.13–0.14) and the last (0.12–0.14) days of dosing.

Comparison of average ACE values between groups showed sig-
nificantly greater inhibition of ACE post-treatment (i.e., lower ACE 
activity) in groups B, C and D compared to A (control), but no signif-
icant differences between groups B, C and D (Table 3). Benazepril 
administered BID (group C) was noninferior to benazepril SID (group 
B), with a relative efficacy of 1.09 (95% CI 0.92–1.30). Using pharma-
cokinetic/pharmacodynamic modelling, Toutain et al. (2000) predicted 
previously that BID dosing with benazepril would produce at least 
equal inhibition of ACE activity compared to SID dosing. The combina-
tion of benazepril and pimobendan BID (group D) was also noninferior 
to benazepril BID (group C), with a relative efficacy of 0.96 (95% CI 
0.82–1.14). This result was expected, as pimobendan has no known 
effect on ACE activity or on the pharmacokinetics of benazepril.

As a supplementary question, trough effects of benazepril with 
BID and SID dosing were evaluated. For both E12 hr and E24 hr, there 
was a significant effect of treatment (p < .0001) but not day, sex or 
treatment × day. In the between-group comparisons (Table 4), there 
was significantly lower ACE activity at both E12 hr and E24 hr for groups 

B, C and D compared to group A (p < .0001). At E12 hr group B was 
associated with significantly lower ACE activity than group C (0.79, 
p = .017). At E24 hr group B was associated with numerically higher 
ACE activity than groups C (1.22) and D (1.20), but differences were 
not significant. Administration of benazepril at a minimum dosage of 
0.25 mg/kg BID compared to 0.5 mg/kg SID was therefore associated 
with statistically lower inhibition of ACE activity (ratio 0.79) at 12 hr, 
and numerically but not significantly greater inhibition of ACE activity 
over the 0.5–24 hr interval (ratio 1.09) and at 24 hr (ratio 1.22). The 
profiles of ACE inhibition were therefore different with BID and SID 
dosing of benazepril.

In conclusion, a minimum dosage of 0.25 mg/kg benazepril BID 
produced equivalent (statistically noninferior) inhibition of serum ACE 
activity compared to 0.5 mg/kg benazepril SID in healthy beagles. 
Addition of pimobendan had no significant effect on the effect of 
benazepril on serum ACE activity.

The main limitations of the study are that serum ACE activity does 
not predict precisely the activity of ACE inhibitors, and the pharmaco-
kinetics and pharmacodynamics of benazepril and pimobendan might 
be different in clinical cases of CHF compared to healthy beagles. 
However, no differences in efficacy or safety were detected between 
BID and SID dosing of benazepril, in combination with pimobendan, 
in a recent clinical trial in dogs with myxomatous mitral valve disease 
(King et al., 2018).
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