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Purpose: Anisodine hydrobromide (Ani) is isolated from the medicinal plant Anisodus 
tanguticus (Maxim.) Pascher for clinical use. Although considerable research regarding 
Ani has been reported, the safety profiles of Ani are currently unknown. This study 
investigated the cardiorespiratory effects of Ani in conscious dogs to provide clinicians 
a detailed safety profile of Ani on the cardiorespiratory system.
Materials and Methods: Using the Latin square design, the study was divided into six 
phases, where in each phase, six telemetered beagle dogs received one dose of normal saline 
or sotalol hydrochloride or Ani (0.1, 0.4, 1.6, or 6.4 mg/kg). Electrocardiogram, blood 
pressure (BP) and respiratory parameters were collected before and after administration for 
24 hours. Statistical comparisons were performed at scheduled time-points.
Results: The heart rate was significantly increased, PR and QTCV intervals were significantly 
shortened in Ani 0.4, 1.6, 6.4 mg/kg treatment group after drug administration. Compared with 
the saline group, a significant increase in heart rate and shortening of PR, QTCV intervals were 
observed in the Ani 1.6, 6.4 mg/kg treatment groups from 5 min to 4 h time-points. Diastolic 
and mean BP were significantly increased in Ani 1.6, 6.4 mg/kg from 1 h to 2 h time-points 
compared to those of the saline control. Accelerated breathing was observed in the first 20 min 
after Ani 0.4, 1.6, and 6.4 mg/kg treatment, although not statistically significant. Furthermore, no 
significant differences were observed in any of the corresponding indexes of Ani 0.1 mg/kg 
treatment group at different time-points compared to those of the saline group.
Conclusion: Ani may have adverse effects on the cardio-respiratory systems of dogs at 
doses above 0.4 mg/kg, whereas Ani 0.1 mg/kg was devoid of potentially deleterious effects 
on cardiorespiratory function.
Keywords: anisodine hydrobromide, electrocardiogram, blood pressure, cardio-respiratory 
function, telemetered dogs, safety

Introduction
Anisodine, a tropane alkaloid extracted from the root of Anisodus tanguticus 
(Maxim.) Pascher in the family Solanaceae,1 has shown significant therapeutic 
effects on various conditions, such as ocular diseases,2–5 motion sickness and 
migraine,6 acute circulatory shock,7 and organophosphorus pesticide poisoning.8 

In view of the unstable chemical properties of anisodine, researchers have devel-
oped anisodine hydrobromide (Ani).

Ani acts as non-specific muscarinic cholinoceptor antagonist competing with 
acetylcholine for binding to the muscarinic cholinergic receptor to block the nerve 
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impulse and physiological functions associated with cho-
linergic neurotransmission.9 The autonomic receptors dis-
tributed in the cardiac, vascular, and airway smooth 
muscle are mainly muscarinic cholinoceptors.10–12 Thus, 
the antimuscarinic activity of Ani could potentially lead to 
various physiological effects on the cardiorespiratory sys-
tem. Early experimental and clinical studies have reported 
that structurally-related tropane alkaloids (such as aniso-
damine, scopolamine, and atropine) have potential unde-
sirable effects on the cardiovascular and respiratory 
systems.13–18 Thus, it is necessary to investigate the effects 
of Ani on cardiorespiratory function systematically. 
Additionally, although some drugs, such as antibiotics, 
tricyclic antidepressants, and antifungal agents do not act 
on the cardiovascular system directly based on their 
mechanism of action, nonetheless they have been reported 
to lead to life-threatening adverse effects, and some 
patients have suffered serious heart damage after taking 
these drugs in clinical practice.19–21 However, to the best 
of our knowledge, no previous studies have extensively 
assessed the cardiovascular and respiratory effects of Ani. 
To this end, this study was designed to define the effects of 
Ani on the cardio-respiratory system by following the 
International Council for Harmonization (ICH) guidelines 
(S7A, S7B) and the China Food and Drug Administration 
(CFDA) guidelines, to provide a comprehensive profile of 
the cardiorespiratory safety of Ani to the clinician.

Electrocardiogram (ECG), blood pressure, and respira-
tory indices were collected to describe the effects of Ani 
on the cardiorespiratory system. We especially focused on 
the prolongation of the QT interval of the ECG, which 
represents the cardiac repolarization disturbance that can 
cause torsade de pointes and sudden cardiac death.22 

Furthermore, indicators of the PR interval and QRS dura-
tion of the ECG were also used to evaluate atrioventricular 
and intraventricular conductivities. In order to validate and 
define the sensitivity of the experimental system, sotalol 
hydrochloride (Sol), an antiarrhythmic agent, which is 
known to prolong the PR interval and QT interval and 
widen the QRS duration,23 was used as the positive control 
drug. In addition, an implantable telemetry system 
strongly recommended by ICH and CFDA in safety phar-
macology studies and has been used in the pharmaceutical 
industry for safety evaluation,24 was applied in the present 
study. Beagle dogs were selected because of the stability 
of their genetic characteristics and completeness of genetic 
background information, and feasibility of surgical opera-
tion in telemetry experiments.25 In addition, respiratory 

parameters were collected by a telemetry system using 
electrical impedance technology, a common detection 
method showing strong correlation with pneumotacho-
graph results in the clinic.26

Materials and Methods
The study was reviewed and approved by the Welfare and 
Ethics of Experimental Animals Committee of Institute of 
Laboratory Animal Science, Sichuan Academy of Medical 
Sciences & Sichuan Provincial People’s Hospital for com-
pliance with Guide for the Care and Use of Laboratory 
Animals (No. Lunshen2018-016). It was conducted in 
a research facility accredited by Sichuan Provincial 
Laboratory Animal Management Committee. The flow-
chart of the study is detailed in Figure 1.

Animals and Surgical Preparation for 
Telemetry
Six beagle dogs (three females and three males, 9–10 months 
old, 9–12 kg) were obtained from Marshal Biotechnology 
(Beijing, China). All dogs were housed singly in stainless- 
steel canine cages (1000×1000×2080 mm) for 80 days 
throughout the study, they were given 25 days to acclimate 
to the housing environment and team members before the 
implanted surgery started. All animals were fed 
a maintenance diet. Filtered mains water was offered ad- 
libitum. Environmental controls were set to maintain the 12- 
hour light-dark cycle (lights on 6:00 AM, off 6:00 PM), 
20–25°C temperature and 40–70% humidity range.

The animals were anesthetized with propofol (8–12 mg/ 
kg intravascular), and maintained general effect by isoflurane 
(1.5–5 volume % in oxygen) inhalation. With the sterile 
surgical technique, telemetry transmitter (model number 
TL11M3-D70-PCTR, Data Sciences International [DSI], 
St. Paul, MN, USA) was implanted in the dogs. The respira-
tory electrodes were implanted subcutaneously on both sides 
of the left and right seventh ribs. The ECG electrodes were 
implanted subcutaneously on the left side of the chest at the 
intersection of the last rib and the anterior axillary line and on 
the right side at the middle lower edge of the clavicle. The 
pressure catheter for blood pressure measurement was 
implanted in the femoral artery, and the main implant body 
was fixed in the extra-abdominal oblique muscle. After post-
operative care and recovery period were completed, animals 
were assessed with indices for general physical conditions, 
including body weight, hematology, blood biochemistry, 
urine, ECG, blood pressure, and respiratory system, by the 
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veterinarian and transmitter signal to ensure that the animals 
met the requirements of experimental system for safety 
pharmacology assessment.

Test Compounds and Dosing
Ani (C17H21NO5·HBr, FW400.27, purity>99%) was sup-
plied as a liquid injection preparation by Chengdu NO.1. 
Pharmaceutical Co., Ltd (Chengdu, China). Sol tablets and 
normal saline (0.9% w/v NaCl) were purchased from 
Lunan Pharmaceutical Group (Linyi, China) and Wuhan 
Binhu Shuanghe Pharmaceutical Co., Ltd (Wuhan, China), 
respectively.

The maximum clinical dose of Ani was 0.067 mg/kg/d 
intravenously. Using a body surface area conversion, the 
effective Ani dose for dogs was 0.12 mg/kg/d. In the 
current study, 0.8-, 3.3-, 13.3-, and 53.3-times the effec-
tive Ani dose were administered, and defined as the 
0.1 mg/kg, 0.4 mg/kg, 1.6mg/kg, and 6.4 mg/kg dose 
treatment groups, respectively. Furthermore, Sol was 
selected as the positive control and was dissolved in 
0.5% w/v carboxyl methyl cellulose sodium and adminis-
tered by gavage at dosage of 32 mg/kg. The negative 

control group received an intravenous injection of an 
equal volume of normal saline (NS). Additionally, in 
this study, a single-dose intravenous administration of 
the Ani and NS was used, the volume and rate of intra-
venous injection was 2.5 mL/kg and 5 mL/min, respec-
tively. According to the volume, rate and the animal 
weight, time spent in each injection ranged from 4.5 to 
6 min.

Experimental Design
The experiment used the Latin square design, including six 
telemetry beagle dogs, six administration groups, and six 
phases. For each phase, the telemetered dogs were given 
a single dose of either the NS or Sol (32mg/kg) or one of 
four dose levels of Ani (0.1, 0.4, 1.6, or 6.4 mg/kg). 
Between each phase, there was a 72-hour washout period 
(the half-life of intravenous Ani and oral Sol were 1.67 
h and 6.29 h, respectively). Before drug administration, at 
least a 12-hour fasting time was required.

On treatment days, ECG, blood pressure and respira-
tory parameters (heart rate, PR interval, QRS duration, QT 
interval, systolic blood pressure (SYS), diastolic blood 

Figure 1 Flowchart of the study.
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pressure (DIA), and mean arterial blood pressure 
(MEAN), tidal volume (TV), minute ventilation volume 
(MV), and breath rate (BR)) were transmitted as wireless 
signals by the implanted transmitter to the receiver RMC 1 
(DSI, St. Paul, MN, USA) which was located on the cage 
and converted to conventional units by software 
(Dataquest OpenART, DSI). A data analysis workstation 
(PONEMAH Version 5.20, DSI) was used for analyzing 
the related parameters. All parameters were recorded at 
least 1 h prior to and continuously for 24 h following 
administration in each experimental phase. For the evalua-
tion of these parameters, the following time-points were 
used: before and 5, 10, 20, 30 min and 1, 1.5, 2, 4, 8, 24 
h after dosing. ECG and respiratory waveform morphol-
ogy were checked manually. Mean values for 2 min were 
acquired near the scheduled time-points. In the presence of 
noisy signals caused by animals’ movements within the 
2-min period, mean values of best quality data over 2 
minutes were acquired over a consecutive 10-min period 
near the tested time-point. As the heart rate would be 
increased by M-choline receptor blocking by Ani, the QT 
interval was calculated using the Van de Water’s correc-
tion formula:27 QTcV=QT-0.087× (RR-1), which has 
a higher accuracy than the QTcF in high heart rate 
situations.

Dogs were observed twice daily, and examined for 
death and general clinical conditions (coat and skin 
appearance, behavior changes, eating habits, and mental 
status) before and after treatment. Blinding was achieved 
by not informing the evaluator of the treatment group for 
each dog. A standard operating procedure (SOP) for clin-
ical observation was adopted, and the evaluator was 
trained before the start of the study to follow the SOP 
for recording observations.

Statistical Analysis
All data were expressed as mean values ± standard deviation. 
All statistical analyses were performed with SPSS statistical 
software (version 18.0 for Windows, IBM, USA) with two- 
tailed tests and a significance level set at 5% (P<0.05). All 
parameters were compared using the repeated measurement 
ANOVA. If the Mauchly’s Test of Spherical test was not 
statistically significant, the results were analyzed by one-way 
ANOVA. Conversely, if the spherical test was significant 
(P<0.05), Greenhouse-Geisser correction was applied and 
the results were analyzed by one-way ANOVA. Multiple 
intergroup comparisons at each time-point were performed 
using a MANOVA, followed by Dunnett’s test. Multiple 

intragroup comparisons between time-points were performed 
using single-group repeated measures ANOVA, followed by 
the LSD method.

Results
Clinical Observations
No mortality events were observed. No obvious changes in 
coat and skin appearance, behavior changes, eating habits, 
and mental status were observed after treatment in either 
the negative control group or following administration of 
Sol 32 mg/kg. In each Ani treated group different degrees 
of mydriasis were observed after injection, and this symp-
tom was relieved after approximately 24–72 h. Other 
adverse clinical signs were absent in the Ani groups.

Effects of Ani on ECG in Conscious Dogs
Changes in heart rate, PR interval, QRS, QTCV are shown 
in Figures 2–5, respectively.

Heart Rate
In the negative control group, the heart rate slightly 
increased 5 minutes after of NS administration, which 
may be related to the tension state of the animals, and 
then the heart rate slowly decreased to the lowest point at 
1.5–2 hours after administration, and slightly increased 
again at 6 hours to 8 hours after administration. The 
change of heart rate in each drug (Sol, Ani) treated 
group differed from that of the negative control group, 
and the difference was statistically significant (P<0.01). 
After Sol 32 mg/kg administration, a continuously slow 
decrease in heart rate up to 24-h post-dose was observed, 
and significant differences were detected at the 1.5, 2, 4, 
and 24-h time-points after Sol administration compared 
with the before administration heart rate (either P<0.01 
or P<0.05). Moreover, heart rate was significantly lower 
than that in the negative control at the 24-h time-point 
(P<0.05). Trends in changes in heart rate in the Ani 
0.1 mg/kg group were consistent with those of the negative 
control group. However, after Ani treatments of 0.4, 1.6, 
and 6.4 mg/kg, the heart rate of the animals increased 
rapidly over time, and statistical significances were 
detected range from 5 min to 2 h time-points (either 
P<0.01 or P<0.05). Moreover, heart rate was significantly 
increased in animals treated with Ani 1.6, 6.4 mg/kg at 5, 
10, 20, 30 min, 1, 1.5, 2, and 4 h time-points, respectively, 
compared with the heart rates in the negative control group 
(either P<0.01 or P<0.05).
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Figure 2 Effects of single intravenous anisodine hydrobromide (Ani) on heart rate (HR). HR in telemetered conscious dogs was measured at pre-dose (0 min) and 5, 10, 20, 
and 30 minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for HR, asterisks denote 
a significant difference vs. negative control group (*P<0.05, **P<0.01), hash marks indicate a significant difference vs. pre-dose value (#P<0.05, ##P<0.01).

Figure 3 Effects of single intravenous anisodine hydrobromide (Ani) on PR interval. PR interval in telemetered conscious dogs was measured at pre-dose (0 min) and 5, 10, 
20, and 30 minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for PR interval, asterisks 
denote a significant difference vs. negative control group (*P<0.05, **P<0.01), hash marks indicate a significant difference vs. pre-dose value (#P<0.05, ##P<0.01).
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Figure 4 Effects of single intravenous anisodine hydrobromide (Ani) on QRS complex. QRS complex interval in telemetered conscious dogs was measured at pre-dose (0 
min) and 5, 10, 20, and 30 minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for QRS 
complex, no significant differences were observed.

Figure 5 Effects of single intravenous anisodine hydrobromide (Ani) on QTCV. QTCV in telemetered conscious dogs was measured at pre-dose (0 min) and 5, 10, 20, and 30 
minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for QTCV, asterisks denote a significant 
difference vs. negative control group (*P<0.05, **P<0.01), hash marks indicate a significant difference vs. pre-dose value (#P<0.05, ##P<0.01).
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PR Interval
The PR interval in the negative control group was stable 
over the scheduled time period, and there was no signifi-
cant difference between the pre-treatment and post- 
treatment time-points. The change in PR interval with 
time in each drug (Sol, Ani) treated group differed sig-
nificantly from that in the negative control group (P<0.01). 
Compared to pre-dose level, the PR intervals after Sol 
treatment gradually increased from 10 min to 24 h time- 
point (either P<0.01 or P<0.05). Compared with the values 
at each time-point of negative controls, Sol prolonged the 
PR interval at the 20 and 30 min and at the 1.5, 2, 4 
h scheduled time-points (either P<0.01 or P<0.05).

No significant changes in the PR interval could be 
observed at each post Ani 0.1mg/kg dose time-point com-
pared to negative controls. After dosing Ani 6.4 mg/kg, the 
PR interval of the animals shortened rapidly over time 
with significance from 5 min to 20 min time-points 
(P<0.05). Compared with the values at each time-point 
of the negative control, treatment with 6.4 mg/kg Ani 
could induce significant shortening of PR interval at the 
1, 1.5, and 2 h post-dose time-points (P<0.05).

QRS-Complex Durations
QRS-complex durations showed little change with time in 
each drug (Sol, Ani) treated group. Compared with the 
values at each time-point of negative control, there were 
not significant changes of QRS-complex duration for 
either Sol- or Ani-treated groups.

QTCV Interval
In the negative control group, the QTCV interval was 
slightly shortened due to the slight acceleration of heart 
rate over the first 30 minutes after treatment, however, 
there were no significant differences between each time- 
point or before treatment values. The change in QTC 

V interval at each time-point for each drug (Sol, Ani) 
group was different from that of the negative control 
group, and the difference was statistically significant 
(P<0.01). After administration with Sol 32 mg/kg, the 
QTCV interval was significantly prolonged from 20 min 
to the 24-h time-point with a peak at the 2-h time-point on 
intragroup analysis (all P<0.01). A significant prolonga-
tion of the QTCV interval in Sol group was observed at 20, 
30 min, 1, 1.5, 2, 4, 8, and 24 h time-points compared to 
QTCV intervals measured in the negative control group 
(P<0.01). No changes in the QTCV interval at each time- 
point following Ani 0.1 mg/kg were observed compared to 

the negative control animals. After dosing Ani 1.6 and 
6.4 mg/kg, the QTCV interval of the animals shortened 
rapidly over time, and returned to pre-dose values from 
approximately 10 min to 1 h post-administration (P<0.05), 
and the QTCV interval was significantly shorter than that 
in the negative control group for the Ani 6.4 mg/kg treat-
ment group at the 5-min post-dose time-point (P<0.05).

Effects of Ani on Blood Pressure in 
Conscious Dogs
Changes in SYS, DIA, and MEAN are shown in Figures 6–8, 
respectively. In the negative control group, the SYS was 
slightly increased in the first 30 minutes after administration, 
which may have been related to the tension state of the 
animals, and then slowly decreased, reaching a low point at 
1.5 h after administration, and then slightly increased at about 
the 2-h time-point, and then continuously decreased to the 
lowest point at 8 h after administration. The change of SYS 
over time in each drug (Sol, Ani) treated group was similar to 
that of the negative controls (P>0.05). Compared with the 
SYS values at each time-point of negative control, there were 
no differences after Sol or Ani treatment.

The trend in DIA observed over time in the negative 
control group was similar to that of observed for SYS. Sol 
and Ani 0.1 mg/kg treated groups showed similar trends for 
DIA as the negative control group, and no significant 
changes were observed at each time-point tested compared 
to the negative controls. The DIA was much higher at the 1-, 
1.5-, 2-h post-dose time-points in the animals treated with 
Ani 1.6 and 6.4 mg/kg compared to those in the negative 
control (either P<0.01 or P<0.05), and returned to normal at 
around the 4 h time-point. In comparison to the negative 
controls, significant increases in MEAN were observed in 
the Ani 1.6 and 6.4 mg/kg treatment groups at the 1- and 
1.5-h post-dose time-points (either P<0.01 or P<0.05).

Effects of Ani on Respiratory Indices in 
Conscious Dogs
Changes in BR, TV, MV are shown in Figures 9–11, 
respectively. In the negative control group, the BR gradu-
ally slowed to the lowest point at 1.5 h after administra-
tion, and increased slightly from 6 h to 8 h after 
administration. Changes observed in BR over time in 
each drug (Sol, Ani) treatment group was similar to that 
in the negative control group, and compared with negative 
controls, the BR of animals receiving Ani 0.4, 1.6, and 
6.4 mg/kg was higher in first 20 min after administration, 
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Figure 6 Effects of single intravenous anisodine hydrobromide (Ani) on systolic blood pressure (SYS). SYS in telemetered conscious dogs was measured at pre-dose (0 min) 
and 5, 10, 20, and 30 minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for SYS, no 
significant differences were observed.

Figure 7 Effects of single intravenous anisodine hydrobromide (Ani) on diastolic blood pressure (DIA). DIA in telemetered conscious dogs was measured at pre-dose (0 
min) and 5, 10, 20, and 30 minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for DIA, 
asterisks denote a significant difference vs. negative control group (*P<0.05, **P<0.01).
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Figure 8 Effects of single intravenous anisodine hydrobromide (Ani) on mean arterial blood pressure (MEAN). MEAN in telemetered conscious dogs was measured at pre- 
dose (0 min) and 5, 10, 20, and 30 minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for 
MEAN, asterisks denote a significant difference vs. negative control group (*P<0.05, **P<0.01).

Figure 9 Effects of single intravenous anisodine hydrobromide (Ani) on breath rate (BR). BR in telemetered conscious dogs was measured at pre-dose (0 min) and 5, 10, 20, 
and 30 minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for BR, no significant differences 
were observed.
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Figure 10 Effects of single intravenous anisodine hydrobromide (Ani) on tidal volume (TV). TV in telemetered conscious dogs was measured at pre-dose (0 min) and 5, 10, 
20, and 30 minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for TV, no significant 
differences were observed.

Figure 11 Effects of single intravenous anisodine hydrobromide (Ani) on minute ventilation volume (MV). MV in telemetered conscious dogs was measured at pre-dose (0 
min) and 5, 10, 20, and 30 minutes and 1, 1.5, 2, 4, 8 and 24 h after administration (represented as mean of 6 animals and standard deviation). Statistical results for MV, no 
significant differences were observed.
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albeit the increased BR observed were no statistically 
significant, there was no significant difference in TV or 
MV between the Sol or Ani treatment groups and the 
negative control group.

Discussion
Ani has been demonstrated to possess strong central and 
peripheral anticholinergic activity.28,29 Similarly, Ani has 
been reported to ameliorate memory impairment in 
a chronic cerebral hypoperfusion rat model by repairing 
the imbalance between monoamine neurotransmitter and 
cholinergic dysfunction.30 Further, Ani compound prepara-
tion (a preparation contains Ani, procaine and hyaluroni-
dase) has shown the ability to inhibit the proliferation of 
epithelium and collagen fibers, to improve blood supply to 
tissues, and to prevent scar formation in mouse skin.31 

A liquid chromatography-electrospray ionization tandem 
mass spectrometry method was used to identify the meta-
bolites of Ani in rats, and the results indicated that five 
metabolites (norscopine, scopine, α-hydroxytropic acid, 
noranisodine, and hydroxyanisodine) as well as the parent 
drug were identified in feces, four metabolites (norscopine, 
scopine, hydroxyanisodine and anisodine N-oxide) and the 
parent drug were found in plasma, while, three new meta-
bolites (dimethoxyanisodine, tetrahydroxyanisodine, and 
trihydroxy-methoxyanisodine) were detected in urine.32 

Although such detailed information about Ani has been 
reported, a comprehensive understanding of the safety 
pharmacology profile of Ani and most critically, and of 
any undesirable effects on life-supporting functions in Ani 
is still absent. Thus, we detected the cardiovascular and 
respiratory effects in conscious telemetry dogs following 
a single intravenous administration of Ani using 
a telemetry device to collect ECG, blood pressure, and 
respiratory data. Additionally, clinical observations were 
also introduced in the present study.

The dog equivalent dose of intravenous injection of 
Ani in the clinic was 0.12 mg/kg/d. Previous studies 
have also revealed that depression, vomiting, and saliva-
tion could be induced by compound anisodine (a com-
pound preparation made from Ani and procaine 
hydrochloride) administered subcutaneously at a dose of 
40.4 mg/kg, and no significant abnormality was observed 
at dosages below 4.04 mg/kg.33 Based on the principle of 
safety pharmacology studies, which suggest that the lowest 
tested dose should be equivalent to the proposed therapeu-
tic dose and the highest dose should produce a moderate 
toxic reaction,34 four doses (0.1, 0.4, 1.6, and 6.4 mg/kg) 

of Ani were defined for this study to provide safety phar-
macology information and included doses exceeding the 
therapeutic range.

In this study, a reversible mydriasis was observed in all 
Ani treatment groups. It has been well documented that 
Ani has effects on the parasympathetic nervous system 
through its activity as a non-specific muscarinic cholino-
ceptor antagonist. Thus, we conjectured that the mydriatic 
activity was a result of the relaxation of sphincter and the 
ciliary muscle due to the antimuscarinic effect of Ani.35

In the current study, the assessment of the cardiovas-
cular effects of Ani was limited to ECG and blood pres-
sure measurements. The ECG parameters included heart 
rate, PR interval, QRS duration, and QT interval. Due to 
an inverse, non-linear relationship between QT interval 
and heart rate, the variations in heart rate among indivi-
duals can confound the evaluation of the effect of drugs on 
the QT interval.36 Therefore, we corrected the QT interval 
for heart rate using Van de Water’s formulae (QTCV). Our 
results demonstrated that Sol treatment could decrease 
heart rate and prolong the PR and QTCV intervals, which 
were induced by increasing the cardiac action potential 
duration and the effective refractory period, and by inhi-
biting the conduction time at the sinoatrial and atrioven-
tricular nodes.37 As the positive control, the sensitivity of 
the test system was validated by the efficacy of the above 
ECG changes elicited by Sol. It is well known that vagal 
nerve activity has a great impact on the automaticity of 
heart due to its dominant distribution at the sinus node, 
atrioventricular junction, atrial muscle. Physiologically, 
acetylcholine released from the cardiac vagus ganglion 
acts on the muscarinic acetylcholine receptor located on 
the myocardial cell membrane, and induces negative 
chronotropic, negative conductive, and inotropic effects 
on heart.38,39 As a muscarinic acetylcholine receptor 
antagonist, Ani competes with acetylcholine released 
from the vagus nerve for binding to the muscarinic choli-
nergic receptor, thus relieving the inhibitory action of 
vagal nerve stimulation on the heart. Consequently, 
a significantly increased heart rate and shortened PR inter-
val were detected in the Ani 1.6 mg/kg or 6.4mg/kg treat-
ment groups. Additionally, the shortened QTCV interval in 
Ani 1.6, 6.4 mg/kg treatment groups may be compatible 
with the effect of increased heart rate.36 In particular, none 
of Ani dosages showed a potential to prolong the QTC 

V interval.
Systolic, diastolic and mean blood pressures were 

evaluated in this study. The results showed that both 
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DIA and MEAN were significantly increased at the same 
time-points tested after Ani 1.6, 6.4 mg/kg administra-
tion. However, the effect of Ani on SYS was not 
observed. It is well known that the heart rate can directly 
affect the length of cardiac cycle, especially the duration 
of diastolic phase. As the heart rate accelerated, the 
shortening of diastole has been reported to be more 
obvious than that of systole.40 Thus, in diastole, the 
reduced blood flow deriving from the large artery to the 
peripheral artery led to a consequent increase in DIA with 
an increase in residual blood volume in the aorta.41 

Conversely, the increased arterial blood pressure resulted 
in high blood flow speed, and as a consequence, there 
was still sufficient blood flow to the periphery during 
systole,42 which lead to insignificant changes in SYS. 
Moreover, according to the calculation formula 
(MEAN=DIA + 1/3 pulse pressure), the MEAN was 
greatly affected by DIA and pulse pressure difference,43 

therefore, the change in MEAN was essentially similar to 
that of DIA.

We used BR, TV, and MV values to assess drug effects 
on the respiratory system. No statistically significant dif-
ferences in these parameters were detected in any of the 
Ani-treated groups. However, interestingly, a trend in 
accelerated BR was detected within the first 20 minutes 
after Ani 0.4, 1.6, and 6.4 mg/kg administration. 
A previous study reported that Ani could increase the 
rate of phrenic nerve discharges (PND) and the rate of 
inspiratory neuron firing in the nucleus tractus solitarius, 
as well as reduce the time of inspiration, expiration, and 
spikes in each PND.44 Furthermore, Ani has also been 
reported to be able to partially antagonize the respiratory 
depression induced by morphine, which may be 
a consequence of the stimulatory activity of Ani on the 
respiratory center through the cholinergic muscarinic 
pathway.44 Thus, we assume that Ani may exert activity 
on respiratory function, although the absence of statistical 
significance of the changes observed in this study may be 
attributed to the small sample number.

The present study held some limitations. Firstly, we used 
the Van de Water’s formula to correct the QT interval. 
Although the formula is considered to be the optimal choice 
for evaluating QT intervals over a wide range of HR in dogs, 
a fluctuation in the average QT interval is still inevitable.45 

In order to resolve this problem and to develop a more 
accurate alternative formula, further study of QT correction 
methods is warranted, which will not only consider the 
influence of the heart rate but also the effect due to sex, 

genetic background, or body position. Secondly, in reference 
to different safety pharmacology studies,46–48 young and 
healthy beagle dogs were included in our study, while for 
many patients experiencing age-related morbidities, both age 
and disease status are usually considered risk factors for 
adverse drug reactions.49 Thus, any potential cardiorespira-
tory adverse effects due to Ani treatment in older patients 
with disease requires further elucidation. In addition, the 
small sample size in this study was adopted to reduce animal 
usage and experimental costs, as a consequence any addi-
tional significant drug-induced effects might not have been 
detected (as in the results of respiratory parameters in our 
study). Therefore, further studies are needed, including more 
animals, and animals of various ages, to comprehensively 
understand the effect of Ani on organ functions.

Conclusion
Taken together, our study has provided detailed informa-
tion of the effect of Ani on the cardiorespiratory system. 
The dosage of Ani 0.1 mg/kg did not present any adverse 
effects on ventricular repolarization, atrio/intra-ventricular 
conduction, blood pressure, or ventilation functions, how-
ever, the dosage of Ani used should be strictly controlled 
in the clinically due to the undesirable effects on the 
cardiorespiratory system observed in our beagle dog 
model at dosages greater than 0.4 mg/kg.
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