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Abstract

Preclinical telemetry data on heart rate (HR) and

mean arterial pressure (MAP) was used to assess

the ability of semi-mechanistic model by Snelder

et al.2 to elucidate the primary and secondary

hemodynamic effects of the drugs with known

mechanism of action.

Introduction

• Model-based analyses of preclinical telemetry

data provide important basis for the preclusion

of adverse cardiovascular (CV) effects in

clinical development1.

• Snelder et al. has developed an integrative

model of the CV system to distinguish between

the drug-induced response and subsequent

physiological feedback of the hemodynamic

parameters2.

Objective

The aim of this work is to validate the model using

limited telemetry data for compounds with known

mechanism of action, previously unused in model

development.

Results
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• The primary effects of four compounds

(glycopyrrolate, clonidine, nifedipine, atenolol)

on CV toxicity were identified based on rat HR

and MAP data using the semi-mechanistic

modeling.

• The general alignment of the primary drug

effects predicted by the model with known

empirical targets confirms the validity of the

approach and sets a basis for translation of the

model to other species.

Conclusions
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Table 3. Empirical and model-derived theoretical primary drug effects

Figure 1. Data used in the analysis
(internal data - 8 Wistar-Kyoto rats; external data – published rat PK data (9 studies))

Figure 2. Semi-mechanistic model of CV system.
“Biom” represents HR, TPR or SV; Circadian variations introduced only on HR and TPR; Handling effects introduced only on HR; red colored parameters were estimated

• PK models were successfully developed (Table

1). Placebo and PD response was adequately

described by the selected optimal integrative

models (Fig. 3), with positive linear effect on HR

for glycopyrrolate, Imax-type effect on TPR for

nifedipine and on HR for atenolol, and negative

linear effect on HR and SV and positive linear

effect on TPR for clonidine (Table 2).

• Predicted primary effects for all compounds are

in agreement with the empirical effects, except

for clonidine: as an alpha-2 adrenoreceptor

agonist, clonidine is expected to cause a

decrease in HR and TPR leading to a decrease

in MAP. However, in our study in conscious rats,

clonidine increased MAP which cannot be

described by a decline in HR and TPR (Table 3).

Methods

• The model in question consists of 16

parameters and three turnover equations: HR,

stroke volume (SV) and total peripheral

resistance (TPR), along with circadian

variations, handling effects, feedbacks from

MAP and SV (Fig. 2).

• Sequential modeling approach was used: first,

PK parameters were identified; then, circadian

variations and handling effects were introduced;

finally, the drug effect was quantified on

different sites of action, individually or in

combinations. Optimal structural and statistical

models were selected based on minimal AIC,

goodness of fit plots and estimated parameter

precision.

• Monolix (version 2020R1) and R software

(version 4.0.2) were used for model

development, evaluation and simulations.

Drug 

Effect

• Positive/Negative effect

• Biophase 
𝑑𝐶𝑒

𝑑𝑡
= 𝑘𝑒 ∗ (𝐶𝑐 − 𝐶𝑒)

• Linear 𝐸𝑓𝑓𝑒𝑐𝑡 = 𝑘𝑒𝑓𝑓 ∗ 𝐶𝑐 (𝑜𝑟 𝐶𝑒)

• Michaelis-Menten 𝐸𝑓𝑓𝑒𝑐𝑡 =
𝐼𝑚𝑎𝑥∗𝐶𝑐(𝑜𝑟 𝐶𝑒)

𝐼𝐶50+𝐶𝑐(𝑜𝑟 𝐶𝑒)

Placebo 

effect
• Circadian variations 𝐶𝑅 = 𝑘𝑤 ∗ cos

2𝜋 𝑡 −𝑘0

24

• Handling effects 𝐻𝐷 = σ𝑖=1
2 𝑃ℎ𝑒 ∗ 𝑒−𝑘ℎ𝑒∗(𝑡−𝑡𝑖)

(𝑡1 = 0; 𝑡2 - PK sample collection)

+

𝑑𝐵𝑖𝑜𝑚

𝑑𝑡
= 𝑘𝑖𝑛 ∗ 1 − 𝐹𝐵 ∗ 𝑀𝐴𝑃 ∗ 1 + 𝐶𝑅 ∗ 1 + 𝐻𝐷 ∗

∗ 1 + 𝐸𝑓𝑓𝑒𝑐𝑡 −𝑘𝑜𝑢𝑡∗ 𝐵𝑖𝑜𝑚

PK model

HR
[min-1]

SV
[mL]

TPR
[mmHg * min/mL]

𝑘𝑖𝑛_𝐻𝑅

𝑘𝑖𝑛_𝑆𝑉

𝑘𝑖𝑛_𝑇𝑃𝑅𝑘𝑜𝑢𝑡_𝐻𝑅

𝑘𝑜𝑢𝑡_𝑆𝑉

𝑘𝑜𝑢𝑡_𝑇𝑃𝑅

𝑴𝑨𝑷 = 𝑯𝑹 ∗ 𝑺𝑽 ∗ 𝑻𝑷𝑹
[mmHg]

𝐹𝐵 – Negative Feedback from MAP to HR, SV, TPR

𝑆𝑉 = 𝑆𝑉𝑇 ∗ 1 − 𝐻𝑅𝑆𝑉 ∗ ln
𝐻𝑅

𝐵𝑆𝐿𝐻𝑅

Table 1. Parameters of the PK model

Glycopyrrolate Nifedipine Atenolol Clonidine

Name Value (RSE, %) Name Value (RSE, %) Name Value (RSE, %) Name Value (RSE, %)

P
a

ra
m

e
te

rs

Vc, L/kg

CL, L/kg/h

Vp, L/kg

Q, L/kg/h

0.23 (3.96)

3.44 (0.83)

4.5 (3.2)

2.92 (0.54)

Fbio

ka, h-1

Vc, L/kg

CL, L/kg/h

Vp, L/kg

Q, L/kg/h

0.33 (0.21)

2.45 (18.3)

0.2 (0.61)

0.23 (0.53)

0.63 (4.99)

0.15 (11)

Fbio

ka, h-1

Vc, L/kg

CL, L/kg/h

Vp1, L/kg

Q1, L/kg/h

Vp2, L/kg

Q2, L/kg/h

0.88 (0.51)

0.16 (4.01)

0.41 (fixed)

2.51 (fixed)

0.62 (fixed)

3.21 (fixed)

3.03 (fixed)

1.82 (fixed)

Fbio

ka, h-1

Vc, L/kg

CL, L/kg/h

Vp, L/kg

Q, L/kg/h

0.61 (12.7)

2.88 (18)

3.32 (8.53)

1.42 (13.2)

9.44 (7.98)

2.97 (8.71)
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m
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Route Intratracheal, IV Oral, IV Oral, IV Oral, IV

Glycopyrrolate Nifedipine Atenolol Clonidine

Parameter Value (RSE, %) Parameter Value (RSE, %) Parameter Value (RSE, %) Parameter Value (RSE, %)

𝑘𝑒, h
-1

𝑘𝑒𝑓𝑓_𝐻𝑅, uM-1

1.11 (1.04)

3.17 (10)

𝐼max _𝑇𝑃𝑅

𝐼𝐶50, uM

0.62 (2.43)

1.93 (10.5)

𝐼max _𝐻𝑅

𝐼𝐶50, uM

0.25 (6.24)

0.41 (25.1)

𝑘𝑒𝑓𝑓_𝐻𝑅, uM-1

𝑘𝑒𝑓𝑓_𝑆𝑉, uM-1

𝑘𝑒𝑓𝑓_𝑇𝑃𝑅, uM-1

-3.93 (31.3)

-30.37 (12.8)

21.38 (10.9)

Figure 3. Observed and predicted changes over time in HR and MAP

Table 2. Drug effect parameters in the optimal models

Compound Glycopyrrolate Nifedipine Atenolol Clonidine

Expected empirical 

effect
HR ↑ TPR ↓

HR ↓

TPR ↓

HR ↓

TPR ↓

SV ↓

Model-derived effect HR ↑ TPR ↓ HR ↓

HR ↓

TPR ↑

SV ↓
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