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ABSTRACT

Physiology of vascular system in designing therapeutics is yet in its infancy. Co—Morbid conditions like depression and hypertension are complex
physiological and pathological situations where PBPK drug interactions are highly probable due to change in systemic blood pressure resulting in organ perfusion
that is an important determinant of drug dispersion. To generate evidence in support of this probability, a single 100 mg dose of Amitriptyline an object drug was
administered with 10 mg of Amlodipine as a precipitating drug in an open label, randomized parallel group, controlled clinical study based on PK/PD analysis
model. Hypertensive patients with depression test group (Ti), Hypertensive patients with out depression, test group (Ti), Normotensive patients with depression,
control group (Ci) and Normal healthy volunteers, control group (Ci), having 25 participants each were enrolled in this study. Plasma samples after single dose
Amitriptyline at O, 1, 2, 4, 8, 12, 24 hours were drawn along with measurement of heart rate, respiratory rate and blood pressure. A wash out period of 7 days for
the two test groups (T and Ti) was given. Amlodipine 10 mg was administered which lowered the DBP by nearly 5 to 10 mm Hg, when the Amitriptyline was
administered orally and the plasma samples were drawn for PK analysis along with PD parameters in a designed time event profile. Estimation of Amitriptyline and
its metabolite Nortriptyline was performed by HPLC. Pharmacokinetic parameters were calculated using a non-compartmental model. After Amlodipine induced fall
in DBP in both test groups, T1/2, C max, T max, CL1, AUC of Amitriptyline and Nortriptyline changed in both the test groups (Ti and Ti).
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INTRODUCTION

Vast amount of new information on physiology of vasculature
has become available but the relevance for clinical practice
has not yet been well defined in many instances. The
physiology of vascular system is more complex than has been
imagined . In-vitro and in-vivo studies show that magnitude
of response to a drug is a function of its concentration in the
fluid bathing the site(s) of action and hence therapeutic
objective can be achieved by maintaining an adequate
concentration of drug at that particular site for the stipulated
duration of therapy2. Step-by-step PK of a drug unfolds

after its oral administration and further complexities are

brought in by administration of concomitant treatments that
interfere with the PK of initial drug through physiological
milieu of the body functions 3. The kinetic consequences of
altered blood flow are examined with the realization that in
therapeutic scenario the effects of change in more than one
physiological variable needs to be considered4. Application
of PK/PD model makes it possible to understand the
quantitative relationships and describes how drugs work by
relatively simple concept that can be used to optimize the
best outcome of drug therapy3. In the present research,

concept of using a disease model of hypertension-depression
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was based on having rational use of object drug viz.
Amitriptyline for patients with otherwise optimal functional
capacity of drug handling organs and systems involved in PK
process of object drug while haemodynamics would be
readjusting itself to the new physiological set points in those
patients whose organ blood flow is subjected to change.
Decrease in peripheral resistance by a dihydropyridine
vasodilator (Amlodipine), leading to change in blood flow?,
could produce a window to understand if and how
pharmacokinetics could change for Amitriptyline, used in this
study as a marker for studying PK outcome. Secondly, if
treatment for hypertension and co-morbid conditions that
may be a cause or consequence of hypertension, would merit
a consideration of a possible physiological drug — drug
interaction even with the two drugs like Amitriptyline and
Amlodipine that are otherwise unreported to have any
interactions’. The rationale of selecting Amitriptyline for the
study was based on the fact that its tissue and plasma PK has
been studied thoroughly and its safety, tolerability and ADRs
are well assessed as it has a long history in the clinical
practiced. In this study for evaluation of PK alteration of the
Amitriptyline as probe, the antihypertensive effect of
dihydropyridine (Amlodipine) was taken as the biomarker
for quantification of altered vascular physiology.

For non-volatile drugs, there have been very few
instances in which kinetic models of a drug have been linked
to cardiovascular pharmacodynamic models®. In case of non
cardiovascular drugs this approach was developed with a
view to link simple cardiovascular PD with PK model as it has
the potential to provide evidence for rational basis of
devising regimens and adjustments in drug treatments that
allows insight into logistics of controlling any therapeutic
failures or side effects due to deviated PK as a result of
physiological interaction. This model may make it possible to
predict systemic consequences of other treatments in patients
when dihydropyridine type of antihypertensive drug is
prescribed for hypertension arising during course of pre-
existing disease being treated. This approach has the
potential to provide insight into difficulties that possibly could
arise in implementing available knowledge of PK for most
drugs in therapeutics as blood flow distribution can alter the
essential components of drug kinetics. Therefore, the kinetic

model of the treatment of a particular disease requires the

model to have the physiological basis so as to be able to

account for the changes of blood flow on the disposition of

the drugs. When devising model of cardiovascular system,
what merits consideration is that a drug with multiple
mechanisms of action may produce a broad clinical effect in

a heterogeneous population over a relatively narrow

concentration range. Hence, on the same principle

Amitriptyline was selected as a surrogate marker in this study

in a cardiovascular model to identify changes in its

concentration and the concentration of its metabolite

Nortriptyline. There is a complex PD profile of TCAs. They

produce a number of undesired as well as desired effects

and are categorized as narrow therapeutic index drugs'.

The study was purposely carried out using a single optimal

dose of a model substrate drug with a low therapeutic index

so that any possible increase in its levels after a co-
prescribed drug will not result in a serious untoward outcome.

There is an inter-individual variability in PK and PD of TCAs

in general even in physically healthy people’!.

Age, co-morbid medical illness and concomitant
medications are certain characteristics for efficacy,
tolerability and safety issues in TCAs prescription. These have
major impact on the treatment versus risk profile and
likelihood of a successful outcome and can guide the clinician
through a matrix of patient variables along with PK and PD
variables’2,

AIMS & OBJECTIVES:

1.  To know if and how pharmacokinetics of Amitriptyline
varies after blood pressure is decreased with
Amlodipine.

2. Using PK/PD statistical model, study the risk of
physiological interaction between object drug
(Amitriptyline) and precipitating drug (Amlodipine) due
to change in vascular physiology: Assessment of PD

based PK alterations.

MATERIALS AND METHODS:

Subjects included in the study were Major Depressive
Disorders (MDD), and subjects of hypertension. Depressive
episodes were screened according DSM — IV classification’3.
Hypertensive  subjects were screened using (ING)
classification of Blood pressure in adults based on average

of properly measured readings at two or more period
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checks'. Patients of hypertension (SBP 120 to 140 mm Hg.
DBP 80 to 95 mm Hg) were included in the study. Indirect
measurement of Blood Pressure wdas done
sphygmomanometer AHA'5, ECG, Hb, Electrolytes, LFT, KFT
and TFT were performed before administration of the
subjects.

Research protocol was approved by the ethical committee
constituted by SKIMS, a tertiary hospital. Written informal
consent was obtained from the subjects involved in the study.

It was a single dose, open label, randomized,
parallel group controlled clinical study based on PK/PD
analysis model conducted over a period of two years during
the year 2009 and 2010.

Participants (Male: Female, 12:13 or 13:12) in the
age range of 20 to 55 years, who had hypertension and
depression separately or as co-morbid conditions were
included in the study. Normal healthy volunteers were also
included as a control group. 25 participants selected after
statistical randomization by Latin Square design were
allocated to each of the following groups:

. Hypertensive patients with depressions; designated as
Group Ti.
. Hypertensive patients without depression Group Ti.
. Normotensive patients with depression; Control Group Ci.
. Normal healthy volunteers; Control Group Ci.
Test group Tia and Tiq along with the control groups Ci and Ci
received single dose 100mg Amitriptyline (Triptomer
Wockhard, Merind) orally. Serial blood sampling for PK at
0,1, 2 4,8 12 and 24 hr were drawn along with the
monitoring of B.P, heart rate and respiratory rate. Tia and
Tua were re-designated as Tib and Tib after 7 days washout
period and re-admitted. Amlodipine 10 mg (Amlodac, zydus
Medica) was administered to these test groups. After 4-5
hours when the DBP dropped down by approximately 10
mm Hg, Amitriptyline 100 mgs PO was administered and
serial blood sampling for PK at 0, 1, 2, 4, 8, 12 and 24 hrs
were collected in EDTA vials along with PD measurements.
Only 2ml of blood each time was collected.

For PK/PD measurements, subjects were admitted in
psychiatry ward for short hospital stay for 40 hours. First 12
hours were meant for stabilization and acclimatization to the
hospital conditions. Blood samples were separated in

separately labelled tubes and plasma samples obtained

thereof were stored in — 70% in deep freezer. Estimation of
Amitriptyline and its metabolite Nortriptyline was done after
9 months of storage under stipulated storage conditions.

Estimation of Amitriptyline and its metabolite were
performed by HPLC system, Thermofinnigan . The system
works on Chromoquest software. The method was validated
at IlIM, Jammu (India) in collaboration with Pharmacological
Division and Instrumentation Division.

The following optimized conditions ¢ 17 on HPLC

were used:
Mobile Acetonitrile (50 %) & Phosphate buffer
phase 50%
Flow rate 1 ml/min
Column 400C
temperature
Retention Nortriptyline — 7.9’ min
time - . .
Amitriptyline — 9.9 min
Detection 239nm
Column Csg(Varian), 250 x 4.6 mm; 5 micron
Atmospheric 120 kg/cm?
pressure
Conditions Reverse phase

Calibration curves of both Amitriptyline and
Nortriptyline ranged from 5 to 100 ng/ml. Lo The assay had
LLOQ of 5 ng/ml for Amitriptyline as well as Nortriptyline.
Lowest Limit of Detection (LLOD) for Amitriptyline was 2.5
ng/ml and that of Nortriptyline 3.5 ng/ml. Correlation Co-
efficient of the linear calibration cure from 5 to 100 mg/ml
of Amitriptyline is 0.992 and that of Nortriptyline is 0.998.

The extraction recoveries were consistent for both
Amitriptyline and Nortriptyline between 90 to 95% at 5
ng/ml, 50 ng/ml and 100 ng/ml in these two co-mixtures.
Intra-day and Interday reproducibility of Amitriptyline and
Nortriptyline was within 10% co-efficient of variation at 5,
10, 20, 40, 80 and 100 ng/ml concentrations.

PK parameters were calculated non-
compartmentally using Topfit Version 1.1 with two stage
approach. Characteristics of the studied subjects were
compared using student’s t test (paired and unpaired),
analysis of variance (ANOVA), Mann Whitney U test, chi
square (x2) test and spare Mans correlation analysis. The
software used was MS-Excel, SPSS version 11.5 and Minitab

15.0 for calculating probability.
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RESULTS

Anthropometric features revealed that there was no
statistical difference in the mean age of males (40.0 + 9.3
yrs) and females (41.6 *+ 8.8 years) across the groups. But
the relative age of the groups i.e. 46.2 £ 5.9 years for T,
42.6 + 6.8 for Ty, 38.0 £ 10.3 for Ci and 36.5 = 9.5 for
group Ci. The mean weight of males was 63.4 * 7.5 kgs.
and of females it was 58.7 = 7.1 kgs. The mean weight of
participants in T) (63.5 * 6.5), Tu (65.1 + 4.6), C (55.8 =
6.7) and Ci (59.9 * 8.8) in kgs were included in this study.
The mean height of males was 166.9 = 4.6 c¢ms. and of
females it was 158.7 £ 4.2 cms. Mean respective group-
wise height for T was (162.6 = 6.0 cm.), Ty (164.2 £ 6.0
cm.), Ci (163.2 £ 6.4 cm.) and Cy (161.6 £ 5.7 cm). The
mean BMI of males was 22.7 * 2.3 kgs/m2 and of females it
was 23.3 £ 2.8 kgs/m2. BMI of the studied population
cohorts of four groups was between 21.0 £ 2.6 and 24.2 £
1.7 kgs/m2. BMI was within normal range 18.5 to 24.9
kgs/m2 18,19,

For elucidation of evidence in support of eligibility
for participation in the study, baseline investigations
comprising of serum chemistry and thyroid function in
addition to haemoglobin values investigated revealed that
the profile was within the normal ranges of physiological
function.

100 mg of Amitriptyline Po resulted in significant
increase in heart rate from basal 73.0 £ 1.1 t0 91.8 * 2.4
per minute (p<0.007) in Tia and from 72.3 £ 0.7 to 91.6 *
3.1 per minute (p<0.007) in Tia at 1 hour after
administration. There was no significant change in the heart
rate in the normotensive Ci and Ci groups. The relative
tachycardia that developed in these groups had reverted
back to the pre-treatment levels after first hour when
recorded at second hour and the rate remained
approximately around the pre-treatment values up to 24
hours of observation and investigation. Heart rate over the
studied period otherwise remained stable. There was no
significant variation in respiratory rate observed during 24
hour period after oral Amitriptyline. No statistical difference
was perceptible in mean systolic BP values of male and
female participants. The influence of gender factor on
variability of systolic BP before and at serial time intervals

after Amitriptyline revealed no significant difference.

Analysis of diastolic blood pressure showed that baseline
values recorded just at Amitriptyline administration in pre-
hypertensive groups T and Tia expressed as O hour
reading, were identical as 92.8 + 2.5 mm Hg and remained
between 92.6 £ 3.8 at 1 hour and 91.8 * 2.4 at 24 hour (p
>0.05) in Tia and between 90.0 + 3.8 at 1 hour and 91.6 +
3.1 at 24 hour in Tia without any significant change. In
control groups, Amitriptyline did not affect O hour diastolic
BP of C (74.8 * 5.1) and Cy (76.0 £ 5.0). At 1 hour
diastolic BP of C | was 74.8 = 5.1 and Ci was 74.0 * 5.0
mm Hg without significant change even at 24 hour remaining
at 74.4 £ 5.1 for C and 78.0 * 4.1 mm Hg for Ci.
Amlodipine single dose in hypertensive patients with or
without depression (T or Tiw) resulted in acute drop in
diastolic BP by approximately 10 mm Hg as against 5 mm
Hg in systolic BP that persisted in a time event relationship
across 24 hours. Amitriptyline  administration after
Amlodipine-induced fall in diastolic BP (T, and Tis)
demonstrated no significant alteration from 80.0 + 0 at O
hour to 82.0 £ 4.3 mm Hg at 1 hour varying insignificantly
up to 81.6 = 2.4 mm Hg at 24 hour (Ti) and from 81.3 £
3.8 at 0 hour to 83.8 + 4.3 mm Hg at 1 hour falling to 81.7
+ 3.9 mm Hg at 24 hour in T (p>0.05). No significant
variability of diastolic BP in control groups across 24 hours
was statistically identified.

As illustrated in box plot (Fig. 1a), depicting treatments with
Amitriptyline alone or  Amitriptyline after Amlodipine in
various groups, there was a significant increase in T2 of
Amitriptyline from 18.8 to 23.1 hour (p<0.007) when given
after Amlodipine in hypertensive patients (Tin) as
represented by median values of the groups. Spread of
distribution in IQR (Inter Quartile Region) of box plot has
been uniformly towards third quartile with 0.6 to 1.9 fold
variation across the groups. In group T« there was
statistically insignificant fall in median value of T2 from 20.1
to 18.8 hours after Amlodipine with increase in variability in
third quartile. T2 of Ci and Ci was identical as depicted by
their median lines. Fig. 1b shows Nortriptyline T2 across
various group treatments. T2 median value has increased in
hypertensive groups after Amlodipine (T and Tib)
significantly (p<<0.001) from 29.8 hours (Tia) to 33.5 hrs. (Tib

) and from 31.3 hours (Tiia) to 34.5 hours (Tus) without much
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IQR variability. Nortriptyline T 2 in control Ci and Ci has

shown comparable variation.

p<0.001

T & hr. Arnitriptyline

Tia Tib Tia T Cr Gy

Fig la: Relationship between plasma T2 values of
Amitriptyline in various treatment groups. Box plots depict
first and third quartiles, and IQR (Inter Quartile Region) with
median values indicated as Bold Median Line within the box.

Thin lines mark the lowest and highest values.

=0

T % hr. Nortriptyline

Ta T Tia T G Gy

Fig 1b: Relationship of metabolite Nortriptyline T2 (hrs) to
type of treatment (Amitriptyline or Amitriptyline after
Amlodipine). The box plots show the Median line and 25-
75% Inter Quartile Range (IQR) for half lives.

Box-plot of volume of distribution of (V4) of
Amitriptyline given alone (Tia) and after Amlodipine (Tib) in
hypertensive patients with depression increased from 15.4 to
16.6 L/kg (p<0.05) as indicated by median line (Fig2). This
change was associated with significant reduction in the
variability of first quartile, thus narrowing down of IQR. In
case of hypertensive patients without depression Vg4 of

Amitriptyline increased significantly (p<0.001) from 15.0

L/kg (Tia) to 18.2 L/kg (Tiw) after Amlodipine. Control
groups had comparable median values of V4 (C = 16.4; C
= 16.6 L/kg) through variability as IQR was more in C than
Cu.

3

p<0.001
pf-‘.ﬂ.ﬂﬁ {—H
(_L‘.

Yy (LK) Amitriptyling

Tia Te  Tie Tis C Gy

Fig 2: Box plot of V4 of Amitriptyline in various groups given
alone or after Amlodipine indicating Median Value, IQR
variability and extreme values. The median value of Total
Clearance (CLr) and variability of Inter Quartile Range (Fig. 3a)
for Amitriptyline decreased when given after administration of
Amlodipine in hypertensive groups from 8.6 in Tiato 7.7 ml.min-
kg in Tik and from 8.7 in Tia to 7.7 ml.min-".kg" in Tib. The fall
in the median ClLr was statistically significant (p<0.001. Total

clearance of Amitriptyline in Ci and Cii did not show a significant

difference (p<0.05).

15

p=0.00T p=0.007 p=0.05
" —

[¥]

Totdl Clearance (CL ) Amitriptyline (mimin™4g"™)
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Fig 3a: Box plot representation of Total Clearance (CLr) of
Amitriptyline given alone and after Amlodipine in different

groups

The metabolite Nortriptyline resulted in similar change of
median values in Tia showing fall in CLr from 7.6 to 7.1 ml.min-kg-
! (Fig 3b). Median value of CLr in Ty did not show any difference
between Tic and Tiw (7.5 ml.min-'kg'). Variability as indicated by
IQR in Ti and Ti were significantly different. Control groups also

depicted a significant difference (p<0.007) in CLr median values

as 7.1 and 8.3 ml.min-'kg! for C; and Ci respectively.

14
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Fig. 3b: Box plot representing median values and degree of
variability of Nortriptyline CLr.

Figure (Fig 4a) illustrates that median value of
AUC0.24) of Amitriptyline has increased from 193.7 in Tis to
215.6 ng.ml'hr! in T, (p<0.001) after reduction in diastolic
BP by prior Amlodipine treatment. Similarly in Ty increase
was evident from 191.8 in Tis to 204.3 ng.ml'hr! in T,
(p<0.001). The variability of the AUC as IQR, showed
narrowing after Amlodipine. Alhough control groups Ci and
Ci also showed some difference in median line of AUC, yet it
was not significant (p<0.05).

AUC0-24) of Nortriptyline also showed shift in both T
and Ti groups towards Amlodipine treated subjects
increasing from median value of 104.6 in Tis to 109.0 in Tis
(p<0.05) and from 88.6 in Tia to 98.6 ng.ml-hr! in Tip
(p<0.001) (Fig 4b). Nortriptyline AUC also demonstrated

significant difference in control groups but paradoxically

opposite to that of Amitriptyline. The median value of AUC
of C was 122.6 as compared to 108.6 ng.ml-1.hr! in C.

400

ped.007 pe0.001

300 4

200

100 o

AUC (ng.mI".hr'"} Amitriptyline

Tia Tie Tia Tite Gy Cy

Fig. 4a: Box plot of Amitriptyline AUC o0.24 showing median

values. IQR and variability in different groups.
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Fig 4b: Box plot of Nortriptyline AUC (0-24) hr.

Median value of Amitriptyline peak plasma
concentration (Cmox) as illustrated in Fig 5a, remained
unchanged as 30.8 ng/ml in T after blood pressure
alteration with Amlodipine. Also there was no statistical
difference in Cnox in T after Amlodipine. Control groups Ci
and Cj though demonstrated some difference in median Cpax
it was not significant (p=0.02). Cuax of Amitriptyline
demonstrated significant variation in all groups as indicated

by IQR.

©SRDE Group, All Rights Reserved.

Int. J. Res. Dev. Pharm. L. Sci. 198



Loan G. M. et. al., October-November, 2012, 1(4), 193-202

B0

p>0.02

a0 «

40 o

30 o

20 «

Covax (ngéml) Amitriptyline

Tia Tio Tiia Ti Ci G

Fig 5a: Box plot of Cnax of Amitriptyline: Group wise
comparative Median value and variability before
and after Amlodipine.

Nortriptyline Crex (Fig. 5b) demonstrated a significant

increase in both hypertensive Ti and Ti groups. There was a

significant increase (p<0.001) in Nortriptyline Cnax from 10.7

(Tia) to 31.7 ng/ml (Ti) after Amlodipine. Similarly significant

increase (p<0.001) was observed after Amlodipine in Tiq

from Cpax of 9.7 to 27.4 ng/ml (Tis). The control Ci and Ci

groups had identical median Crox values as 10.1 and 10.5

ng/ml respectively which were identical.
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Fig 5b: Box plot of Cmax Nortriptyline showing median values
IQR variability

Analysis of median line of Time to maximum
concentration (Tmax) of Amitriptyline (Fig. 6éa) revealed
constant value of 4 hrs in all test and control groups.

Amlodipine treatment did not influence median value of Tmax

in Ti or Tu groups. Group Tia showed high variability on both
sides of median line that shifted to positive side of the

median after Amlodipine (Tib).

]

Treaze (ng/ml) Amitriptyline
o

T Tio Tiia Tue Gy C

Fig 6a: Box plot representation of Tmax of Amitriptyline with
median line and IQR.

Median value of Tmax of Nortriptyline (Fig. 6b) also
remained constant at 4 hrs for all groups showing high
variability on the positive side of Median line of each group.
It was only for control group Ci that Tmax was 8 hrs with
variability on the negative side of Median line. There was a

significant difference of Tmax values in Ci and Cyi (p<0.001).
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Fig 6b: Comparison of Nortriptyline (Tmax) before and after
Amlodipine

DISCUSSIONS
Although  circulatory models were introduced into

pharmacokinetics more than 25 years ago, 20:21 |ess than 1%
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used since then, analyzed clinical pharmacokinetic data that
obey circulatory structure. The relevance of circulatory
models in whole body pharmacokinetics appears justified
since the underlying transport and distribution processes of
drugs between blood and other tissues are determined by
several factors including blood flow?22. The transport is
believed as movement of drug across series of membranes,
spaces and tissues, viewed as functional macroscopic
membrane23, PBPK models have a rich information content
than conventional pharmacokinetic models24. With circulatory
pharmacokinetic models, parameters estimated on the basis
of plasma concentration-time data are readily applicable to
clinical situations?5.

The most common reason for MMU is treatment of
patients who have more than one common chronic medical
iliness for example, hypertension, diabetes and depression2¢.
Additional reasons for adding more medications include
treatment of an adverse effect, augmentation of desired
effect or acceleration of onset of effect of first drug 2.

Vasodilators like nitrates, nitroprusside etc. and co-
administration of nitric oxide donors can cause potential
catastrophic PBPK changes due to profound hypotension
leading to significant change in pharmacodynamic response
and therapeutic efficacy of a co-administered drug having
high first pass metabolism especially for those drugs that
have inherently variable kinetic profile. On the contrary, the
response may be opposite if vasoconstrictors like epinephrine
or norepinephrine are simultaneously administered as
required in emergencies. The significant decrease in MIC of
antibiotics after intravenous norepinephrine infusion has been
reported 28,

In the study in question the careful search of object
drug and precipitating drug based on their properties of
having long half-life, 2% 30 wider tissue distribution 31 32 and
no direct drug-drug interaction between the two resulted in
the selection of Amitriptyline as a probe for measuring
pharmacokinetic changes of the drug that occur with
alterations in blood pressure induced by Amlodipine. In
addition, PDPK of Nortriptyline (metabolite of object drug)
provided insight into the model through liver compartment so
that the metabolism of Amitriptyline to Nortriptyline,
becoming an input process would further help to understand

the obijectives.

Bioavailability factors of age, gender and BMI
predominantly influence the response of treatments and
pharmacokinetics 33. Differences in response with age are
likely to exist for certain drugs especially CNS active drugs
that cannot be explained on the basis of differences in
pharmacokinetics 34. The drug kinetics can become variable
with age 35. Mean adult age for the population cohort
studied, was comparable to the mean ages of test and
control participants. Amlodipine, because of long Ti/2, there
are minimal fluctuations in plasma concentration and hence it
produces less tachycardia 3¢, as also shown by the results of
this study.

As is clear, the maximum systemic exposure (Cmax) of
Amitriptyline has tendency to increase while time to this
maximum exposure (Tmax) tends to decrease. The changes
were insignificant and highly variable and there is a
significant increase in the metabolite Nortriptyline Cnax after
Amlodopine, may provide further evidence in support of the
speculation that vasodilatation induced increase in blood
flow including that of the liver may enhance the tissue
exposure of drug as well as delivery to its metabolic target
and exposure of the metabolic products.

Total systemic exposure of Amitriptyline and
Nortriptyline for 24 hours (AUCo.24) in hypertensive,
depressive patients and normal volunteers did not show
significant variation but after Amlodipine induced fall in
blood pressure, the median value of AUC showed significant
increase for Amitriptyline (p<0.001) and Nortriptyline
(p<0.05). The results indicate that vasodilatation may have
increased the absorption fraction of drug thus increasing the
bioavailability of  Amitriptyline and its metabolite
Nortriptyline.

Box plot shows that after Amlodipine there was
significant increase in the median value of Amitriptyline V4 in
group Ti (p<0.005) and Ti (p<0.001) with decrease in its
variability as compared to controls. The increase in V4 after
fall in B.P clearly indicates that greater fraction of drug from
plasma has moved to extra vascular tissue compartment.

The increase was also reflected in median values of
T2 in box plot analysis (Fig. 5a) especially for Nortriptyline.
Due to parallel changes in T2 of control groups the results
were difficult to interpret. The half-life being controlled by

and directly proportional to distribution and inversely to
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clearance of drug; V4 of Amitriptyline also showed increase
in hypertensive group after Amlodipine (p<0.001). This
substantiates the evidence in favour of change in kinetic
behaviour of the drug by alteration in blood pressure.

The variability also decreased after Amlodipine.
CLr of metabolite Nortriptyline decreased significantly
(p<0.001) after Amlodipine possibly because CCBs do not
produce any significant change in renal blood flow 37. There

was a significant variation between the control groups.

SUMMARY

This study was based on the hypothesis that the
“Pharmacokinetic Parametfers” of Amitriptyline undergo
significant alterations after Amlodipine induced fall in blood
pressure in patients of hypertension with or without having
depression as a co-morbid disease. The study produced
evidence in support of a significant PK to PD correlation. This
data signifies the role of vascular physiology in therapeutics.
Possibility of this PBPK interaction needs to be kept in view
while treating hypertension which may be important for two
reasons. Firstly the sizable populations suffering from
primary or secondary hypertension and the co-morbidities
requiring narrow therapeutic index drugs and secondly this
may assume greater importance in critical intensive care
where the disease management does not allow time for new

steady state equilibrium for drug disposition kinetics.
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