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The high concentrations of amitriptyline found in blood

at autopsy, indicating a large amount of ingested drug, is

often contradictory to the prescription available. Using

dogs as the animal model it was found that there was a large

variance between the dose given and its plasma amitriptyline

concentration during the acute phase of absorption. Factors

that were found to be important were the amitriptyline to

nortriptyline (as metabolite) ratio, the nature of the

specimen, and the collection site. The calculation of the

dose from an acute ingestion of amitriptyline resulting in

death cannot be accurately determined from a single specimen

collected at autopsy.
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CHAPTER I

INTRODUCTION

Amitriptyline

The tricyclic antidepressants are used primarily in the

treatment of endogenous depression or depressions which are

characterized by a lack of responsiveness to environmental

events. These drugs have also been approved for the

treatment of childhood enuresis, chronic pain syndromes,

migraine headache, and anorexia nervosa (Orsulak, 1980;

Bayer et al., 1984).

In 1981, Lindenfeld and Horwitz reported that in the

United States an estimated 8 to 9 per cent of all

prescriptions are for antidepressant drugs. Of the

tricyclic antidepressant drugs, amitriptyline is the most

frequently prescribed, ranking twenty-ninth in order of

prescription frequency for the United States (Manoguerra et

al., 1977; Hebb et al., 1982).

Pharmacology of Amitriptyline

The mechanism of action of tricyclic antidepressants

centers around their ability to block the reuptake of

norepinephrine and serotonin in the presynaptic membrane

increasing their concentration at the synaptic cleft in the

central nervous system and thereby potentiating the effect

1
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of these biogenic amines. This creates a mood elevating and

increased drive effect in the patient. At therapeutic

concentrations the tertiary amines (amitriptyline) have a

greater effect on sertonin reuptake while the secondary

amines (nortriptyline) have a greater effect on

norepinephrine (Nielson et al., 1980, pp. 405-408).

However, at toxic concentrations this difference does not

appear to be as significant (Bayer et al., 1984, p. 130).

Amitriptyline has anticholinergic properties and

effects such as blurred vision, mydriasis, dry mouth,

urinary retention, and decreased intestinal peristalsis may

be seen even at therapeutic concentrations (Stewart, 1979;

Bayer et al., 1984, pp. 127-141). Sedation may be due to a

central anticholinergic effect. However, the tricyclics are

potent antihistamines and the sedative property may

correlate with binding to the H1 receptor (Peroutka et al.,

1981, pp. 75-81, Bayer et al., 1984, pp. 128-130).

While fairly mild anticholinergic reponses may be seen

at therapeutic concentrations, in overdose these responses,

especially central effects, become prominent. Life

threatening symptoms develop early, often within one to four

hours after ingestion (Sedal et al., 1972; Davis et al.,

1968). Respiratory depression, tonic-clonic convulsions,

and pyrexia may be seen. The patient may exhibit
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hallucinations, agitation and restlessness, or drowsiness to

third or fourth stage coma (Stewart, 1979; Davis et al.,

1968).

The cardiotoxic effect of the tricyclics, seen most

often in overdose, has been widely published (Sedal et al.,

1972; Spiker et al., 1975; Spiker et al., 1976; Rudorfer,

1982; Tobis et al., 1981; Noble et al., 1969; Nattel et al.,

1984). This toxicity may be due to anticholinergic

activity, the sympathomimic activity, or direct myocardial

depressant activity (Langou et al., 1980).

Amitriptyline exerts a stabilizing effect on the

myocardial conduction system at therapeutic concentrations

(Crome et al., 1979; Amsterdam et al., 1980), and this

effect is more prominent in an overdose episode. Sinus and

ventricular tachycardias, hypotension, arrhythmias,

depression of the left ventricular function, and conduction

changes as ST and T wave abnormalities, prolonged QT and QRS

intervals have been observed (Noble et al., 1969; Boeck et

al., 1980; Langou et al., 1980; Lindenfeld et al., 1981).

Spiker et al., (1975) reported that the duration of the QRS

complex was the most reliable clinical correlate of

tricyclic antidepressant poisoning. This was supported by

Petit et al., (1976), Bailey et al., (1978), and Rudorfer

(1982) who reported significant positive correlations

between duration of QRS complexes and tricyclic

antidepressant plasma concentrations.
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Heath et al., (1982) reported in a study with mongrel

dogs, a significant increase in QRS duration after two hours

of administration of amitriptyline at a dose of twenty mg/kg

infused over a two hour period. This study demonstrates an

initial tachycardia followed by bradycardia in severe

poisoning with amitriptyline. This finding was also

reported by Crome et al., in 1979.

One of the most dangerous results of tricyclic

antidepressant poisoning may be circulatory collapse (Davis

et al., 1968). Hypovolemia, decreased cardiac output, and

increased peripheral resistence may be seen (Stewart, 1979).

Hypotension has been reported to be partially due to

relative intravascular fluid depletion and peripheral

vascular dilatation (Langou et al., 1980).

Pharmacokinetics of Amitriptyline

Although amitriptyline in toxic concentrations may

decrease gastric emptying as well as intestinal motility,

the drug is generally considered to be rapidly and

completely absorbed by the gastrointestinal tract (Perel,

1977; Garland et al., 1978). Dissolution of a solid form of

the drug may be the rate limiting step in the absorption

phase. In addition, it is generally considered that a high

concentration of drug is absorbed more rapidly than a low

concentration. However, in extremely high concentrations,

,
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the rate of absorption may reach a peak and no further

increase in concentration will increase the absorption rate.

As with most drugs, the small intestine is the major

site of absorption for amitriptyline, due to the extremely

large surface area and the high degree of circulation to the

intestinal area. Amitriptyline also undergoes a significant

first pass effect (Amsterdam et al., 1980; Perel, 1977).

That is, once it is absorbed from the small intestine, it is

delivered directly to the liver by the portal vein,

therefore, a large portion of the amitriptyline is

metabolized before the drug has reached the systemic

circulation. This will result in lower plasma

concentrations for a given dose when compared to the same

dose given intravenously.

Amitriptyline is highly lipid soluble, being rapidly

distributed to lipid body sites. Thus the blood contains

only a small amount of total drug ingested and there is

extensive tissue localization or binding.

Initially, after absorption, highly perfused tissues

such as the heart, liver, kidney, and brain receive most of

the drug. Hebb et al., in 1982, using results from autopsy

cases in which the tricyclics in therapeutic concentrations

were an incidental finding, reported the following tissue

distribution: liver > heart > blood = skeletal muscle.

However, in fatal tricyclic overdose, the tissue

distribution pattern was: liver > heart = blood > skeletal
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muscle. When Hebb compared the expected ratio of heart to

skeletal muscle based on the perfusion rate for each tissue,

both the overdose cases and the therapeutic cases showed a

higher affinity of the drug for the heart, even when the

concentrations were corrected for the difference in

perfusion rates. Bailey and Shaw (1979 and 1980) also

reported on the tissue distribution of the tricyclics

whereby liver concentrations were greater than myocardial

concentrations, which were greater than blood concen-

trations. While the actual distribution is different than

in the report by Hebb, both studies came to the conclusion

that the liver and myocardium concentrate the tricyclics and

that the amitriptyline to nortriptyline ratios did not

differ significantly in the tissues. Hurst et al., (1981)

reported from one case study of fatal amitriptyline

poisoning that post mortem amitriptyline and nortriptyline

tissue concentrations indicated a high tissue affinity,

especially for the central nervous system. The high

localized concentrations were suggestive of active tissue

uptake or cellular binding rather than diffusion processes.

Another tissue available for drug dispositon is the

erythrocyte. Basic drugs, such as amitriptyline, may bind

to the red cell membrane or diffuse into the red cell

(Mungall et al., 1983, pp. 4-5). Linnoila et al. (1978)

reported that amitriptyline concentrations in the

erythrocyte were lower than plasma concentrations while
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nortriptyline erythrocyte concentrations were higher than

the plasma concentrations. The presence of both

amitriptyline and nortriptyline appeared to increase the

erythrocyte nortriptyline concentrations. However, it has

also been reported that there is an interindividual variance

between the ratio of erythrocyte to plasma concentrations

(Scoggins et al., 1980).

In addition to tissue localization, amitriptyline is

extensively bound to plasma proteins. Albumin is a minor

portion of the plasma protein binding. Rather, lipoproteins

and alpha 1-acid glycoprotein are the major binding proteins

for the tricyclics (Mungall et al., 1983, pp. 17-48). Of

the amount of amitriptyline in the blood, 80 to 95 per cent

is bound to proteins making it relatively unavailable for

filtration and excretion by the kidneys. Only 3 per cent of

the amount ingested appears in the urine within twenty-four

hours after a massive dose (Gard et al., 1973; Manoguerra et

al., 1977).

Metabolism of Amitriptyline

Amitriptyline is metabolized by the hepatic micro-

somal enzyme system in the endoplasmic reticulum (Goodman et

al., 1980, pp. 13-19, 418-427; Perel, 1977) by

N-demethylation, benzylic hydroxylation, and conjugation,

each step giving a more polar compound. This P-450 enzyme

system is illustrated in figure 1.
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Fig. 1--The Hepatic Microsomal Enzyme System

In the system a drug combines with oxidized cytochrome

P-450. The complex is reduced and combines with oxygen.

The final products are oxidized drug, water, and oxidized

cytochrome P-450 (Goodman et al., 1980, p.15).
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In the system, NADPH reduces a flavoprotein in the

presence of cytochrome P-450 reductase. The drug binds with

oxidized cytochrome P-450; the complex is reduced and

combines with molecular oxygen. The final products are

oxidized drug, water, and oxidized cytochrome P-450.

N-demethylation and n-dealkylation may also occur in the

P-450 system (Goodman et al., 1980, pp. 13-19; La Du et al.,

1977).

The metabolic pathway of amitriptyline is shown in

figure 2. Amitriptyline is demethylated to form its major

metabolite, nortriptyline which is also active. Amitrip-

tyline and nortriptyline undergo hydroxylation at the ten

position and the hydroxy metabolites are conjugated to

glucuronic acid (Baselt et al., 1978, pp. 170-174; Mellstrom

et al., 1981).

Mellstrom et al. (1981) in an in vitro study using

microsomes from a human liver bank reported that the ratio

between the demethylation and hydroxylation products was

lowest at low substrate concentrations and suggested that

n-demethylation and benzylic hydroxylation of amitriptyline

are preferentially catalyzed by different P-450 cytochromes.

Nortriptyline is rapidly formed but slowly hydroxylated

indicating that the hydroxylation is the rate limiting step.

This was especially seen at high concentrations. Mellstrom

also reported an inhibition of amitriptyline hydroxylation
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Fig. 2--The Metabolic Pathway of Amitriptyline

Amitriptyline is demethylated to nortriptyline in the

liver by the microsomal enzymes (Enna et al., 1981).
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by nortriptyline which is more pronounced when nortriptyline

is formed from high concentrations of amitriptyline.

Amitriptyline and nortriptyline are subject to

enterohepatic recycling. That is, amitriptyline and its

metabolites are excreted in the bile. Once the bile is

deposited in the small intestine, they can be reabsorbed and

thus re-enter the circulation. This is indicated because

very little amitriptyline or its metabolites appear in the

feces (Manoguerra et al., 1977; Gard et al., 1973).

Amitriptyline to nortriptyline (parent to metabolite)

ratios are useful in determining the acuteness of drug

ingestion (Bailey et al., 1980). As time increases between

when the drug was ingested and the sample was drawn, the

amitriptyline to nortriptyline ratio decreases due to the

demethylation of amitriptyline to form nortriptyline.

Parent to metabolite ratios greater than 2 are generally

seen in fatalities due to acute tricyclic antidepressant

overdose, while ratios for therapeutic concentrations are

generally less than 1.5 (Hebb et al., 1982; Bailey et al.,

1978).

A wide interindividual variance, from twelve to

thirty-six fold, for plasma concentrations of amitriptyline

and its metabolites for individuals taking the same dose has

been reported (Edelbroek et al., 1984; Kristensson et al.,

1983; Ward et al., 1978). The difference may be due to
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genetically determined differences in metabolism and the

volume of distribution (Spiker et al., 1975; Perel, 1977).

Various other factors can affect the concentration of

amitriptyline and nortriptyline in the plasma. Schultz et

al . (1983) reported an increase of 34 per cent in the

half-life and a 20 per cent increase in the volume of

distribution of amitriptyline in an elderly population.

Race, cigarette smoking, sex, and body mass may affect the

concentrations of amitriptyline and nortriptyline achieved

(Peroutka et al., 1981, pp. 183-217; Orsulak et al., 1979).

Amitriptyline Overdose and Pharmacokinetic
Model Systems

As stated above, the tricyclic antidepressants have

become the most widely prescribed drugs for the treatment of

depression, and along with increased usage of the drugs

there has been an increase in deaths associated with the

tricyclic antidepressants (Spiker et al., 1975; Heath et

al., 1982; Hurst et al., 1981; Crome et al., 1979). Fifteen

to 20 per cent of the patients admitted to intensive care

units for the treatment of drug overdose are patients for

whom tricyclics have been prescribed (Bayer et al., 1984, p.

127; Rudorfer et al., 1982). There are approximately 5000

to 10,000 overdoses per year with these drugs in the United

states alone (Noble et al., 1969). In 1975, poisoning by

the tricyclics accounted for 12 per cent of the poisoning

deaths in the United Kingdom. In a total of 2984 deaths
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from poisons, 11.6 per cent involved tricyclic

antidepressants. In 345 deaths, amitriptyline accounted for

55.9 per cent. Eighty of 113 patients died within 24 hours

of admission to the hospital (Hurst et al., 1981; Crome et

al., 1979). Bailey and Shaw (1980) also reported that

amitriptyline accounted for half or more of fatalites due to

tricyclic overdose.

Serious toxicity for humans has been defined as plasma

concentrations of total tricyclic antidepressant greater

than or equal to 1000 ng/ml (Spiker et al., 1975; Spiker et

al., 1976; Braithwaite et al., 1979). In contrast,

therapeutic concentrations for amitriptyline are 120 to 250

ng/ml and for nortriptyline are 50 to 150 ng/ml (Orsulak et

al., 1979). Physicians have become aware of the narrow

safety margins associated with the tricyclics and often do

not prescribe enough medication to allow a successful

overdose attempt (Rudorfer et al., 1982; Manoguerra et al.,

1977; Kathol et al., 1983). In contrast, total tricyclic

antidepressant blood concentrations of 5000 to 10,000 ng/ml

are often found at autopsy apparently representing a rather

large amount of ingested drug (Bailey et al., 1979; Bailey

et al., 1980; Kristensson et al., 1983; Lowry et al., 1979,

pp.128-129).

Forensic cases involving drug overdose often require

that the amount of drug ingested be determined. This may be

theoretically estimated using the volume of distribution and
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the plasma concentration. The volume of distribution is

defined as the apparent volume of fluid required to account

for the total amount of drug in the body if it were present

throughout the body in the same concentration found in the

plasma (Goodman et al., 1980, pp. 21-27; Hayes et al., 1982;

pp. 659-689). The volume of distribution, or more

accurately termed the "apparent volume of distribution"

because it does not define an actual volume, is described by

the following equation:

Vd = D
Cp

Vd: volume of distribution
D: dose; total amount of drug administered at one

time
Cp: plasma concentration

The volume of distribution for a drug is determined by

extrapolation of the time versus plasma concentration

semilogarithmic graph for that drug to time zero as shown by

figure 3.

From such a graph, a hypothetical plasma concentration

for zero time is determined and the volume of distribution

is calculated using the known dose and this hypothetical

plasma concentration in the equation given above.

The movement of a drug, such as amitriptyline, through

the body can be described by considering the body as a

system of compartments. With the simplest one compartment
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Fig. 3--Semilogarithmic graph of the plasma

concentration versus time for the determination of the

volume of distribution (Bayer et al., 1984).

Cp : plasma concentration at time zero
B: slope of the elimination phase of the drug

i!
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model, pharmacokinetic calculations are relatively simple.

There is a single process for drug absoption and a single

process for elimination. Distribution is rapid and

instantaneous relative to absorption and elimination.

However, it may be more appropriate to describe the

body as two or more compartments. Figure 4 on page 21

illustrates the two compartment model.

The first compartment represents the blood and organs

with a high perfusion rate and distribution is rapid

(Gibaldi et al., pp. 45-48, 1982; Renwick et al., p.669,

1982; Winter et al., pp. 20-22, 1980). This compartment is

referred to as the initial volume or Vi.

The second compartment requires a longer time period to

equilibrate with the drug and generally consists of organs

with a low perfusion rate. This compartment volume is

referred to as the tissue volume or Vt. For this model the

half-time of the distribution phase is the alpha half-life

and the half-time of drug elimination from the body is the

beta half-life. The sum of the initial volume and the

tissue volume is the apparent volume of distribution.

Absorption and elimination occur in the initial volume.

That is, a drug such as amitriptyline is assumed to enter

the system and be eliminated from the system in the initial

volume compartment because this compartment contains the

blood (site of entry) and the liver and kidneys (sites of

elimination). It is important to note that the apparent

'
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Fig. 4--The Two Compartment Model for Pharmacokinetics

The two compartment model may more accurately describe

the body during amitriptyline distribution ( u4) and

elimination (8 ) phases for determination of the volume of

distribution (Winter et al., 1980).

A: absorption
B: elimination
Vi: initial volume
Vt: tissue volume

Mai
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volume of distribution factor (Vi + Vt) for amitriptyline is

based on the elimination phase, after absorption and

distribution to the tissue volume have been completed.

Because some time is required to complete the transfer of

the drug from the initial volume to the tissue volume, a

large, rapidly absorbed dose may result in an initial higher

plasma concentration than predicted on the basis of the

apparent volume of distribution (Vi + Vt).

This study examines the volume of distribution of

amitriptyline in an acute overdose episode and factors which

affect the blood amitriptyline and nortriptyline

concentrations of a specimen. If the patient has died in

the acute or alpha phase of distribution as shown in figure

4, plasma or blood concentrations obtained at autopsy may be

extremely high. The acuteness of the overdose is indicated

by the parent to metabolite ratios (Hebb et al., 1982).

When this concentration is used with the traditional volume

of distribution factors to determine the amount of

amitriptyline ingested, it indicates an unbelievably large

amount of drug ingested. Also to be considered is that

volume of distribution calculations are based on plasma

concentrations. Specimens received from autopsy may not be

true plasma. As indicated in the study by Hebb et al.,

(1982), amitriptyline is present in the red cell, therefore

if the specimen used to determine the amitriptyline and

- ^-- . _ . F
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nortriptyline concentrations is hemolyzed falsely elevated

concentrations may be determined due to the release of the

drugs from the red cell.

This study was designed to investigate the question of

descrepancy between the tendency of physicians to limit the

supply of amitriptyline at one time and extremely high

concentrations of amitriptyline and nortriptyline in autopsy

specimens which would indicate a rather large amount of

ingested drug. The volume of distribution of amitriptyline

in the acute or alpha phase of distribution will be

investigated. That is, if the patient expires within a few

hours after ingestion of an overt intoxication of

amitriptyline, then the calculation of the amount of drug

ingested may be in error due to a blood concentration

obtained during the distribution, rather than the

elimination phase of drug kinetics. There also exists the

possibility of differences in blood concentrations from

different sampling sites such as arterial blood versus

venous blood. Perhaps, multiple samples drawn at autopsy

would be better in determining the amount of drug ingested.

Another factor that could affect the results of the amount

of drug ingested is the type of specimen submitted for

analysis. That is, whether the specimen is plasma, whole

blood or hemolyzed blood. This study examines the

possibility of erroneous conclusions being determined

,w , .: -
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concerning the amount of drug ingested due to the time the

specimen was obtained, relative to traditional calculations

and to the nature of the autopsy specimen itself.



CHAPTER II

METHODS AND OPERATIONS

Animal Model System

Nine male and female mongrel dogs, weighing ten to

twenty kg were administered amitriptyline at varying doses

described in the drug administration and sampling section.

The dogs were fed Purina Dog Chow dry dog food (Ralston

Purina Company) and allowed food ad libitum. Lights were

arranged on a 0730 and 1800 cycle and the experimental

animals were kept in barred cages six feet by four feet and

six feet in height at an ambient temperature of 22 to 26 C.

The cages were cleaned twice daily and disinfected with

Roccal (Winthrop Company) weekly. There was no regular

exercise program since the dogs were used within a day after

arrival at the animal care facilities. Some dogs were

treated with Dermaton (2-Chloro-1-(2,4,-dichlorophenyl)

vinyl diethylphosphate) (Burroughs Welcome Animal Health

Division) to remove fleas and ticks. None of the animals

demonstrated any signs of Dermaton toxicity.

Drug Prototype
(Standards and Drug for Administration)

Amitriptyline (pfs) hydrochloride (Sigma A8404) was the

model tricylic antidepressant prototype. It was stored at 0

to 5 C.

25
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The amitriptyline for intraintestinal administration

was dissolved in 0.85 percent saline solution and stored

frozen until used. Three doses of amitriptyline at 80, 250,

and 500 mg/kg were administered to represent varying degrees

of toxicity in the dogs.

The stock amitriptyline standards for the analyses were

dissolved in 18 megaohme distilled water and stored frozen.

For the analyses of amitriptyline and nortriptyline whole

blood and plasma standards were made from the stock to

achieve concentrations at 100, 500, and 1000 ng/ml.

Surgical Preparation

The mongrel dogs were anesthetized with intravenous

sodium pentobarbital at a dose of 35 mg/kg. Additional

pentobarbital was given as needed as determined by corneal

reflexes. The abdomen, femoral area, and throat were shaved

and a tracheal tube was inserted to maintain an open air

passageway. Surgical procedures were performed to expose

the femoral artery, femoral vein, carotid artery, and the

jugular vein. For seven dogs catheterization lines were

inserted into the vessels. The cannulas were Tygon tubing

measuring 3.2 mm diameter (Fisher Scientific) with stopcocks

attached to allow for collection of multiple blood samples.

The jugular line was inserted at a length to sample average

venous return at the heart. The remaining cannulas were
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placed into the vessel only at a distance so that they would

remain secure in the vessel. For the two remaining dogs,

the vessels were exposed, but catheterization lines were not

used. Direct sampling was used to obtain the blood samples

using the Venoject Collection System. The direct sampling

procedure was performed to determine if there was a

difference in the collection procedures and is to be

discussed in the result chapter.

The abdomen was opened and the duodenum at the pyloric

sphincter was located. Individual doses of amitriptyline

were administered by direct injection into the small

intestine, just below the pyloric sphincter. After the drug

was administered, the incision was held together with

hemastats to prevent hypothermia of the intestinal area.

Each dog was monitored via an electrocardiogram

throughout the samplings, starting with a baseline pattern

taken after the surgical preparation and before drug

administration. A desk model Physiograph, DMP - 4B with a

Cardiac Coupler Type 7178, and the Solid State Channel

Amplifier Type 7070 (Narco Bio-Systems, Inc.) was used. An

example of the physiograph is shown in figure 5 on page 29.

Immediately before and after sampling the chart speed was

2.5 cm/sec to accurately assess cardiac status. Between

samplings the speed was 0.25 cm/sec.
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Fig. 5--The Physiograph with Cardiac Coupler

The physiograph was used to monitor the electro-

cardiograms of the animals to insure that the cardiotoxic

effects of amitriptyline were seen.
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Drug Administration and Sampling

A saline solution of known concentration of

amitriptyline was injected directly into the duodenum, just

below the pyloric sphincter using a 10 cc B-D Plastipak,

Luer Lock Syringe and a 19 guage B-D Disposable Hypodermic

Needle. This was to simulate oral ingestion of

amitriptyline, and to reduce the variation of absorption

associated with gastric emptying time. The amitriptyline

doses were 80, 250, and 500 mg/kg. Blood samples from the

femoral artery, femoral vein, carotid artery, and the

jugular vein were obtained at times 0, 15, 30, 45, 60, 90,

120, and 180 minutes after the drug was administered. If

the dog did not survive the three hour sampling time,

specimens were collected on schedule until death and then at

death. For two dogs the Venoject Collection System was used

to collect the specimens by venopuncture and arterial

puncture to evaluate the effect of catheter lines on

sampling. For seven dogs, the vessels were catheterized, as

stated above, and samples were collected using 10 cc B-D

Plastipak, Luer Lock syringes or glass syringes.

Approximately 5 ml of blood were withdrawn to clear the line

of saline before each sampling and to ensure an adequate

whole blood sample without saline dilution. A new syringe

was placed on the line and 10 to 15 ml of blood were

obtained and immediately transfered to 13 X 75 mm Kimble -

.. .,.t - , _
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Terumo Venoject evacuated specimen tubes containing liquid

EDTA (K3), (0.05 ml, 15 per cent solution) as the

anticoagulant. These same tubes were used for the direct

sampling procedure for the two dogs. Venoject collection

tubes were used because it has been reported that there is

no interference with these tubes as compared to Vacutainer

collection tubes. The Vacutainer brand tubes have been

reported to have an interfering substance in the stoppers

that may alter the plasma and red cell ratios (Amsterdam et

al., 1980; Ward et al., 1978; Scoggins et al., 1980). After

each sample collection, the lines were flushed with 5 to 10

ml 0.1 per cent heparinized saline to clear the line and to

maintain blood volume in the dog.

The electrocardiogram was monitored throughout the

three hour sampling time or until death occurred to assure

cardiotoxic effects associated with appropriate high doses

were seen.

If the dog survived the three hour sampling time, 10 to

20 ml of saturated potassium chloride was administered

through the femoral vein line to terminate the experiment.

Sample Assays

Microhematocrits were performed on each sample to

ensure the adequacy of the sample. The samples were

centrifuged in Microhematocrit Capillary Tubes, Plain, Type

': n1H ! .. F' 1i:,. krL:. +aik..' Wr l wr..+wa-:vm. .. o
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II glass (Dade Diagnostics) in an IEC MB Microhematocrit

Centrifuge (Damon/IEC Division) at 11,710 rpm for 5 minutes

and evaluated as described in Clinical Diagnosis and

Management by Laboratory Methods (Henry et al., 1979,

pp.873-874).

Whole blood and plasma concentrations of amitriptyline

and nortriptyline were determined by high pressure liquid

chromatography and a back extraction method (Bondo et al.,

1979), as described below.

For the assays, the sample volume extracted was

determined by the amount of sample available and the

relative dose of amitriptyline administered to the dog. The

internal standard used was protriptyline. In samples

expected to contain high concentrations of amitriptyline,

the amount of internal standard was adjusted appropriately.

Two ml (or one at 500 mg/kg) of plasma or whole blood

were pipetted into 16 X 125 mm screw cap culture tubes

(Kimex or Pyrex Brands, Borosilicate glass). The pH was

adjusted to 11 to 12 with 0.4 ml of saturated potassium

carbonate (MCB Reagents, reagent grade). One ml of aqueous

internal standard and 10 ml 10 per cent ethyl acetate (MCB

Reagents, reagent grade) in hexanes (MCB Reagents, reagent

grade) were added. The tubes were closed with teflon lined

caps and they were shaken for 5 minutes on a mechanical

shaker (Eberbach Corp., 6010) at 180 excursions/minute

.
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through a 38 mm stroke distance and then centrifuged for 5

minutes at approximately 2500 rpm.

The top organic layer was transfered to another culture

tube and 5 ml of 1 N Hydrochloric Acid (MCB Reagents,

reagent grade) was added. The tubes were shaken 5 minutes

to back extract the amitriptyline and metabolites and then

centrifuged 5 minutes to separate the phases.

The top organic layer was aspirated off, then 1 ml of

concentrated ammonium hydroxide was added to adjust the pH

to 11 to 12. Five ml of 10 per cent ethyl acetate in

hexanes were added and it was then shaken 5 minutes to back

extract the amitriptyline, metabolites and internal standard

and centrifuged 2 minutes to separate the phases.

The top organic layer was transfered to 16 X 100 mm

glass borosilicate disposable culture tubes (Kimble,

Scientific Products) which had been silanized. The organic

solvent was then evaporated just to dryness in a water bath

at 70 'C under a stream of nitrogen. The residue was

reconstituted with 0.1 ml mobile phase (described below) and

vortexed to mix.

The tubes were silanized by adding a solution of 20 per

cent dichlorodimethyl silane in toluene to the tubes for 20

minutes. The tubes were then rinsed two times in toluene

and two times with methanol (Pesticide Grade) and allowed to

dry before use. The tubes were silanized to limit
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adsorption of amitriptyline and nortriptyline onto the glass

(Nakano et al., 1983; Edelbroek et al., 1982, pp.

2143-2148).

The extract was analyzed on a Perkin Elmer Series 1

Liquid Chromatograph or a Series 3B Liquid Chromatograph

using a 15 cm X 4.6 mm ID Supelcosil R LC - PCN (5 micron)

column. The detector was a Perkin Elmer LC 75 Variable

Wavelength Spectrophotometric Detector set at 215 nm and

attenuation to achieve an accurate chromatogram.

The mobile phase was 53 per cent HPLC Grade

Acetonitrile (Fisher Scientific), 22 per cent HPLC Grade

Methanol (Fisher Scientific), and 25 per cent Potassium

Phosphate Monobasic (Fisher Scientific) 0.006 M ph 6.8 to

7.0. The flow rate was 2.0 ml/minute. Two to twenty

microliters were injected into the liquid chromatograph

using a Hamilton glass syringe. The amount injected varied

so that an accurate chromatogram could be obtained.

Whole blood and plasma standards with concentrations

of 100, 500, and 1000 ng/ml of amitriptyline and

nortriptyline were extracted and analyzed in triplicate with

the specimens. The whole blood was obtained from pooled day

old EDTA-treated blood samples from a hospital population.

The plasma base was expired blood bank plasma.

For each dog, all the plasma specimens and all the

whole blood specimens and their standards were analyzed at

one time.

,.
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Data Treatment

Permanent chromatograms were recorded for each sample

and standard on Perkin Elmer Recorder Models 023 and 056.

Each deflection for amitriptyline, nortriptyline and

protriptyline (IS) was measured from baseline to the apex of

the peak (peak height or pk ht) and this value was used in

the calculations. The order of elution was amitriptyline,

nortriptyline, and the internal standard, protriptyline. An

example of the chromatogram is shown in figure 6. The

concentrations of amitriptyline and nortriptyline in the dog

specimens were calcualted against the known standards.

K values for amitriptyline and nortriptyline were

determined for each standard by the following equation:

Std conc (ng/ml) X Pk Ht of IS = K value of Std
Pk ht of Std

All amitriptyline k values were averaged and all

nortriptyline k values were averaged for each assay. These

averages were used for the calculations of the unknown

specimens as follows:

Pk Ht Sample X K(average) = conc of drug (sample)
Pk Ht IS (sample)

Amitriptyline and nortriptyline were detectable to a

limit of 10 to 20 ng/ml by the analytical method. The

coefficient of variation for the amitriptyline in plasma
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Fig. 6--Chromatogram of amitriptyline, nortriptyline,

and protriptyline.

A - point of injection
B - amitriptyline (1000 ng/ml)
C - nortriptyline (1000 ng/ml)
D - protriptyline (IS) (300 ng/ml)
Scale - 1.0 cm/minute

NIPPON
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assay was 10.3 per cent and for nortriptyline in plasma it

was 7.0 per cent. For whole blood the coefficient of

variation was 11.1 per cent for amitriptyline and 8.6 per

cent for nortriptyline. The absolute recovery of whole

blood and plasma amitriptyline was 92 per cent or greater.

The absolute recovery of nortriptyline plasma was 66 per

cent and for whole blood it was 75 per cent. Figures 7 and

8 are standard curves for amitriptyline and nortriptyline

respectively.

The concentrations of amitriptyline and nortriptyline

were plotted on time versus concentrations graphs for each

site for each dog. Average concentration and standard

deviations for the concentrations achieved by each of the

three dogs for each dose were calculated for each site and

time. The average concentration was then plotted on

concentration versus time graphs.

Parent to metabolite (amitriptyline to nortriptyline)

and whole blood to plasma ratios were calculated for each

sample.

Comparisons were performed by an analysis of variance

(ANOVA) with p values of less than or equal to 0.05 as

criteria for significance (Hays, 1981; Keppel, 1982; Kirk,

1968). Missing data points were estimated by a least

squares measurement (Kirk, 1968). The hematocrits were also

compared using the analysis of variance and by linear

regression.



39

Fig. 7--Standard Curve of Amitriptyline

The ratios of the peak height of amitriptyline to the

peak height of the internal standard versus the

concentration were plotted.
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Fig. 8--Standard Curve of Nortriptyline

The ratios of the peak height of nortriptyline to the

peak height of the internal standard versus the

concentration were plotted.
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CHAPTER III

RESULTS

Administration of Amitriptyline and
Collection of Samples

The amitriptyline was administered to each dog as

stated in the methods and operations chapter. The most

consistent and efficient procedure to obtain the specimens

was with the catheterization lines. However, as stated

before, specimens for dogs 3 and 4 were collected using a

direct sampling technique to determine if there was any

effect of the catheters. To evaluate the syringes, samples

were collected at the same time using the direct venoject

collection system and also using the plastic syringes and

glass syringes and then transfering to the venoject tubes.

There were no significant differences between the specimens

collected through catheters and specimens using a direct

sampling technique. There also were no differences within

samples collected with plastic syringes and samples

collected with glass syringes and transfered to the venoject

tube.

The initial dose of 80 mg/kg for amitriptyline

administration was determined from literature data for a

dose which would achieve blood concentrations of

approximately 1,000 ng/ml which represent toxicity in man

43
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(Boeck et al., 1980). The dose was then increased to obtain

blood concentrations and symptoms in the mid and extreme

toxicity ranges. For the doses, all three dogs survived the

80 mg/kg dose for the three hour sampling period, two dogs

survived the 250 mg/kg dose, and only one dog survived the

500 mg/kg dose. The three dogs that did not survive the

three hours expired at 112 minutes (250 mg/kg dose, dog 6),

105 and 87 minutes (500 mg/kg dose, dogs 4 and 10

respectively).

As was discussed in the methods and operations chapter,

the three hour time limit was selected to mimic an acute

overdose where life threatening symptoms would be seen

within one to four hours as described by Sedal et al. (1972)

and Davis et al. (1968). While the doses administered to

the animals were much greater than doses usually seen in

man, these were required to reach the desired plasma

concentrations as well as the desired cardiotoxic effects

within this three hour sampling period.

As stated in Chapter II, the abdominal cavity was

opened and the pyloric sphincter was located in all the

dogs. The amitriptyline was injected directly into the

beginning of the duodenum of the small intestine, which is

the major site of amitriptyline absoption. This was done to

avoid the influence of gastric emptying time which may be

decreased in amitriptyline toxicity and to more accurately

know how much amitriptyline was in the absorption area.
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However, the effect of intestinal peristalsis delay in

toxicity could not be avoided. A normal saline solution of

amitriptyline was used to insure that the amitriptyline was

available for rapid absorption which would not be limited by

the dissolution process.

The Electrocardiogram Tracings

The electrocardiograms, beginning with a baseline

pattern before administration of amitriptyline, were

monitored for each dog to insure that the cardiotoxic

effects of amitriptyline were observed. The tracings were

examined for changes in heart rate, duration of the QRS

complexes, duration of the QT interval, and changes in the

characteristics of the T wave. However, no actual

interpretation of the electrocardiograms were made.

The cardiotoxic effects, especially alteration of the T

waves were observed within fifteen minutes at 80 and 250

mg/kg doses and within five minutes for the 500 mg/kg dose.

Six dogs demonstrated slight increases in the heart rate

which then began to decrease but did not always return to

the original value. Each dose demonstrated similar pattern

changes. Three dogs showed decreased heart rates, one of

which returned to the original baseline heart rate.

Increases in the QRS complex duration were seen within

thirty minutes to one hour (figure 9). Only dog 1 (80

I ,, Jmwmm I- . "*r I- a,-t7Vwo 14-
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Fig. 9--Alteration of the QRS Complex

Increase in duration of the QRS complex is one of the

most predictable clinical sign of amitriptyline overdose.

In this study, only one dog did not show this. Increase in

the QRS complex was usually seen within 30 minutes.
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mg/kg) did not show an increase in the QRS duration. Dog 3

(250 mg/kg) was the only one which did not show an increase

in the QT duration.

The most obvious changes in the baseline tracings were

seen in the T wave. All dogs exhibited an alteration of the

T wave. Inversions, increases in voltage, changes in shape

as well as T waves merging with P waves were observed

(figure 10).

Hematocrit Values

The hematocrit values for each site were generally

within 2.0 units of one another, thereby indicating that the

sampling procedure was adequate for the collection of the

specimens from the cannulas. For each animal, the results

for all sites at a given time were averaged and this was

used as the hematocrit value for that time. The values for

the three animals at each dose were averaged and used in the

comparisons by the ANOVA and linear regression methods

(Appendix I). There was a significant difference within

hematocrits as a function of time with p < 0.002. For

example, the values of dog 10 decreased from 41.8 per cent

to 34.1 per cent during the sampling period. However, there

was no significant difference within hematocrit values for

the animals within the dose groups.

MMWV"
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Fig. 10--Alteration of the T Wave

In this study, all dogs demonstrated an alteration in

the T wave. Shown are three changes which were observed.

A and B: A is the baseline for Dog 8 which
demonstrated an increase in voltage of the T
wave (B).

C and D: C is the baseline for Dog 9 which
demonstrated an inverted T wave (D).

E and F: E is the baseline for Dog 5 which
demonstrated T waves merging with P waves
(F).
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Average Concentration Versus Time Graphs

The graphs of concentration versus time were plotted

for each site at each dose. The graphs show that no

sampling site was consistent for time to reach peak

concentrations for all three doses. The curves for the 80

mg/kg dose appeared to be the most consistent between sites.

The whole blood curves demonstrated slight biphasic

concentration peaks of amitriptyline: the first peak at 15

to 30 minutes and the second peak at 60 to 120 minutes

(figures 11, 12, 13, 14). This biphasic peaking effect was

usually not as prominent for the plasma concentration

graphs, which tended to peak at 15 minutes, decrease

slightly and then rise slightly at 45 to 60 minutes.

Ziegler et al. (1978) has reported a biphasic disappearance

of amitriptyline which followed first order kinetics. Whole

blood and plasma both showed detectable concentrations of

nortriptyline at 15 minutes, with a general, gradual

increase in concentration as time increased.

At 250 mg/kg, the whole blood amitriptyline also

showed a biphasic concentration peak, but the peaks tended

to be delayed; one concentration peak was at 30 to 45

minutes and the second peak at 90 to 120 minutes. The

femoral vein whole blood concentration was still rising at

180 minutes. Plasma amitriptyline concentrations peaked

within 15 to 45 minutes, then decreased with a slight

T
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Fig. 11, 12, 13, 14--Average Concentration versus time

graphs for the jugular vein (11), carotid artery (12),

femoral vein (13), and femoral artery (14) at a dose of 80

mg/kg.
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increase following. Again, nortriptyline was detectable

within 15 minutes, then gradually increased for whole blood

and plasma (figures 15, 16, 17, 18).

At 500 mg/kg, the amitriptyline whole blood average

concentration versus time graphs showed more prominent

swings in the biphasic concentration peaks, but generally at

the same times as the 250 mg/kg dose (figures 19, 20, 21,

22). The plasma amitriptyline concentration peaks were

also more evident in the femoral artery, carotid artery and

the jugular vein with the peaks occurring at 15 to 30

minutes and at 60 to 120 minutes. Nortriptyline

concentrations peaked at 30 to 60 minutes, then gradually

decreased for plasma and whole blood.

There were significant differences (p < 0.002) in

concentrations between all four sites for both plasma and

whole blood for amitriptyline, nortriptyline, and total

tricyclic (amitriptyline + nortriptyline). However, in

contrast, there did not appear to be a consistent

relationship as a function of time for amitriptyline. Whole

blood and plasma nortriptyline concentrations demonstrated a

significant difference (p < 0.02) as a function of time at

250 and 500 mg/kg, but not at 80 mg/kg. When the average

arterial concentration (carotid + femoral artery) was

compared to the average venous concentration (jugular +

femoral vein), overall, the arterial concentrations were

greater than the venous concentrations at each dose for each
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Fig. 15, 16, 17, 18--Average concentration versus time

graphs for the jugular vein (15), carotid artery (16),

femoral vein (17), and the femoral artery (18) at a dose of

250 mg/kg.
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Fig. 19, 20, 21, 22--Average concentration versus time

graphs for the jugular vein (19), carotid artery (20),

femoral vein (21), and the femoral artery (22) at a dose of

500 mg/kg.
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site. This was consistent for amitriptyline and

nortriptyline concentrations for both plasma and whole

blood. The exceptions were for whole blood and were either

at the initial collection time or within the final hour of

the collection period: amitriptyline at 15 minutes and a

dose of 80 mg/kg and at 180 minutes and a dose of 250 mg/kg,

nortriptyline at 120 and 180 minutes at a dose of 250 mg/kg.

The difference between the arterial and venous amitrip-

tyline and nortriptyline are especially evident at 500

mg/kg.

Dose Effect

From the concentration versus time graphs it can be

seen that as the amitriptyline dose increased, the plasma

and whole blood concentrations of amitriptyline and

nortriptyline demonstrated a tendency to increase for all

sites. Due to the extreme variance between concentrations

for a given dose and the small number of animals, the

increase could not be determined to be significant to a p

value of less than or equal to 0.05 using an analysis of

variance comparison. Also, the increase in concentration

did not appear to be linear as dose increased. The large

difference between concentrations for a given dose also did

not allow the dose to be predicted from the blood

concentrations of amitriptyline. The shape of the

40 - - "WIPM-M
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concentration versus time graphs made it difficult to

extrapolate to time zero to determine a volume of

distribution for the distribution phase of amitriptyline.

Interanimal Variance

As discussed, there was a large variance of

amitriptyline and nortriptyline concentrations between dogs

for a given dose. This variance was seen for both plasma

and whole blood concentrations at each dose and each site.

There were large standard deviations for each specimen from

each site and time at all doses (Appendix II). For example,

at 80 mg/kg, the femoral artery specimens at 15 minutes had

a whole blood average amitriptyline concentration of 2,113

ng/ml with a standard deviation of 1,339; the plasma

concentration was 744 ng/ml with a standard deviation of

401. (The actual raw data with estimated missing data

points is in Appendix III.)

Nortriptyline was generally detectable within 15

minutes, as was seen in the average concentration versus

time graphs. This rapid appearance of nortriptyline is

attributed to the first-pass metabolism of amitriptyline

which has been estimated at 60 per cent (Ziegler et al.,

1978). Ziegler suggested that the interpatient variability

and the degree of this first pass effect contributes to the

wide range of the plasma concentrations.

T
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It is interesting to note the large difference in

doses of amitriptyline which caused death. All three dogs

survived the 80 mg/kg dose, the 250 mg/kg dose was lethal to

one animal, while the 500 mg/kg dose was lethal to two

animals. As the dose increased, the death response

increased. It is also interesting that the time of death

for the three animals was within 87 to 112 minutes after

ingestion of the amitriptyline.

Whole Blood to Plasma Ratios

The whole blood concentrations of amitriptyline and

the total tricyclic antidepressant were significantly

different from the plasma concentrations for all three doses

and all sites using an analysis of variance method (ANOVA)

with a probability value (p < 0.05) as significant. There

did not appear to be any relationship with time.

The difference in nortriptyline whole blood and plasma

concentrations had higher probabilites of significance

values by the ANOVA method than the amitriptyline and total

tricyclic concentrations. The jugular and femoral veins at

80 mg/kg and the femoral vein at 500 mg/kg concentration

were not significantly different between the plasma and

whole blood. However, for nortriptyline, more sites and

doses were significantly different as a function of time,

but they were not consistent. The jugular vein at 80 mg/kg,
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the carotid artery at 250 mg/kg and 500 mg/kg, the femoral

vein at 250 mg/kg and 500 mg/kg were significantly different

with time. There did not appear to be any interrelationship

between time and the whole blood versus plasma concentration

comparisons.

When the whole blood to plasma ratios of amitriptyline,

nortriptyline, and total tricyclic were compared to sites,

the ratios were not significantly different at each dose.

Only the amitriptyline and nortriptyline concentrations at

80 mg/kg were significantly different (p < 0.05) for sites.

Whole blood to plasma ratios for each site were also

compared to dose to determine if there was a significant

relationship. There were not significant differences in the

ratio as the dose increased. For all sites and doses the

general order of whole blood to plasma ratios for each

individual substance was as follows: amitriptyline (2.9) >

total tricyclic (2.7) > nortriptyline (1.8).

Parent to Metabolite Ratios

As discussed, amitriptyline is metabolized in the liver

to nortriptyline. Ratios of the parent drug to the

metabolite which are greater than two are usually seen in

fatalities due to amitriptyline overdose. Ratios which are

less than 1.5 are generally seen in therapeutic

concentrations. In this study, only two samples had parent

to metabolite ratios of less than two, but which were still



72

greater than 1.5: the femoral vein at 45 minutes with a

ratio of 1.8 and the femoral vein at 90 minutes with a ratio

of 1.9, both for dog 5, 250 mg/kg. All of the ratios are

indicative of an acute overdose.

The parent to metabolite ratios for plasma were not

significantly different between sites at all doses. The

plasma parent to metabolite ratios were significantly

different between sites at the 80 and 250 mg/kg (p < 0.02)

dose but not at 500 mg/kg (p > 0.14). For whole blood the

ratios were not significantly different at any dose (p >

0.05). Just as there was no significant difference between

sites, there did not appear to be a significant change in

the parent to metabolite ratios as the dose increased.

The ratios for plasma and whole blood compared to site

differences were significantly different for time. That is,

there was a difference as a function of time; however, no

one sample time or site could be detected as a better

predictor of the most accurate parent to metabolite ratio.

The ratios for both plasma and whole blood indicate the

acuteness of the overdose and as would be expected, the

ratios generally decreased as the time after administration

of the amitriptyline increased. The lowest initial (15

minutes) ratio was 3.2 (femoral vein, for the plasma at 80

mg/kg). The highest initial ratios were seen at a 500 mg/kg

dose (35.6 for the whole blood from the femoral vein of dog

, :
,:.
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9). The whole blood parent to metabolite ratios were

greater than the plasma parent to metabolite ratios for all

sites at 80 and 500 mg/kg. The 250 mg/kg dose tended to

give whole blood ratios greater than plasma ratios, but did

show some slight variance.

The general decrease of the ratios with increase of

time was not a straight drop in values due to the biphasic

concentration peaks of amitriptyline and a fairly steady

increase -of the nortriptyline concentrations as the

amitriptyline was metabolized. Also, the ratios did not

decrease to the same extent for each site. The differences

between the highest ratio and the lowest ratio for a given

site and dose tended to depend on how high the initial ratio

was. The range of ratios between sites for a given dose

tended to be wider at 15 minutes than at the final sampling

time for both whole blood and plasma.



Chapter IV

DISCUSSION AND SUMMARY

Volume of Distribution and the Prediction of Dose

In fatal amitriptyline poisoning, it is often

necessary to determine how much drug was ingested. The

purpose of this study was to investigate the predictive

value of blood concentrations for dose in an amitriptyline

overdose. While no significant difference could be

determined for dose, it did appear that the blood

concentrations increased as the dose increased. It could

not be determined if the lack of significance was due to the

very large variance between concentrations and the small

sample size or if there was no relationship present. That

is, the small sample size and variance may be overpowering

the dose relationship. To more accurately predict dose, a

multiple regression study would be required using many dose

intervals with five to ten animals per dose.

This variance between plasma concentrations helps

explain the variablility of volume of distribution figures
which have been described for amitriptyline. Ranges from 8

to 35 L/kg have been reported. As stated in the

introduction, volume of distribution calculations are based

on plasma concentrations which are achieved after

74
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distribution is complete, during the elimination phase of

amitriptyline kinetics. Concentrations achieved during the

distribution phase may give erroneous results for the amount

of drug ingested due to the time of specimen collection.

In a study of amitriptyline overdose by Rudorfer et

al. (1982) data for concentrations of amitriptyline,

nortriptyline, and total tricyclic and parent to metabolite

ratios, assay time (hours after overdose) and the amount of

amitriptyline ingested as determined from the patient

history were given. This data was used to compare doses

calculated from volume of distribution values for

amitriptyline and the dose given in the patient history and

is presented in Table I. For the calculated doses, three

different volume of distribution values were used: a low

value (1128 L or 15.6 L/kg) (Schultz et al., 1983), a high

value (2673 L or 35.6 L/kg) (Garland et al., 1978) and the

average of the low and high values (1900 L or 25.6 L/kg).

From Table I, it can be seen that there was no one

value for the volume of distribution which accurately could

predict the dose from the plasma concentration of the

sample. However, the doses calculated from the higher value

were the closest more often of the three to the dose given

in the patient history (eight of sixteen patients). Even

though the high value gave the closest dose, the estimated

dose could be off by as much as 3000 mg. The calculated

dose using the low volume of distribution value was
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lower than the actual dose for 12 patients, while the dose

calculated from the high value was greater than the actual

dose for ten patients. The average volume of distribution

figure gave doses that were greater than the history dose

for seven patients.

It is evident from the table that the estimation of

dose from the volume of distribution is not a very accurate

calculation. During the acute phase, as would be indicated

by a high parent to metabolite ratio, the calculated dose

may be higher than the actual amount of drug ingested.

Also, as time increases after ingestion of the drug and as

the parent to metabolite ratio decrease, the calculated dose

may be less than the actual amount of ingested drug. That

is, it would be difficult to extrapolate a single

concentration point, from an autopsy specimen, to time zero

and calculate the dose using the volume of distribution

formula.

Factors That Influence Amitriptyline and Nortriptyline

Blood Concentrations and Their Interpretation

To accurately assess an amitriptyline overdose the

correct concentration of amitriptyline and nortriptyline

must be determined. This study has shown that there are

several important factors which may affect the amitriptyline

and nortriptyline concentrations and interpretation of these

concentrations in relation to the patient or decedent and

the dose ingested.

_ _ _
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The whole blood concentrations of amitriptyline and

nortriptyline are greater than the plasma concentration and

the difference between whole blood and plasma is

significant. Whole blood concentrations may be as much as

four times the concentration of the plasma, but generally

are around two times the concentration. Thus, the nature of

the actual specimen must be considered. From an autopsy, a

specimen may be submitted for amitriptyline analysis which

is described as "blood" and is usually not true plasma, nor

true whole blood. The amitriptyline values may be higher in

this specimen than the actual plasma concentration was at

the time of death due to the interference of red cells

present or hemolysis.

The site from where the sample was drawn may also

cause variation in the concentration of amitriptyline and

nortriptyline. During the acute phase of distribution of

amitriptyline, the jugular, carotid artery, femoral vein,

and femoral artery were significantly different for

amitriptyline and nortriptyline concentrations. This was

especially seen when the arterial sites were compared to the

venous sites. At higher doses, the arterial concentration

could be as much as two times higher than the venous

concentration for whole blood. For plasma, the difference

was not as much, but could still be several hundred units

higher. Most pharmacokinetic studies use venous plasma

concentrations because of the ease in collection and it
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has been assumed that the drug will be mixed within minutes

throughout the circulatory system. Chiou et al (1968)

reported a significant difference in arterial and venous

blood concentrations in a study of six different drugs in

rabbits and dogs. While the study did not include

amitriptyline, it was reported that there were higher

arterial concentrations in the initial time after

administration of a drug and lower arterial concentrations

during the terminal phase of drug elimination. The study

showed that due to the different arterial and venous

concentrations, the parameters of a multicompartment

pharmacokinetic model, such as volume of distribution and

volume of the central and tissue compartments, may be very

different depending on the blood source.

Although this study shows a significant difference for

blood concentrations between sites, it could not be

determined which site was the better predictor of dose.

Perhaps, several samples drawn from different sites should

be assayed to achieve a more accurate picture of the

overdose at the time of death. However, this may not be

feasible due to problems of collecting the samples and the

cost of performing multiple analyses.

The parent to metabolite ratio is important in

assessing when the sample was collected (or death occurred)

in relation to the time the amitriptyline was ingested.



80

Very high parent to metabolite ratios indicate a very acute

overdose. As time after ingestion of amitriptyline

increased, the ratio decreases as the amitriptyline is

metabolized by the liver to form nortriptyline. Ratios

greater than two are most often seen in fatalities. This

ratio is useful to aid in determining where on a graph of

amitriptyline distribution and elimination the decedent was

when death occurred.

Summary

In conclusion, this study shows the difficulty in

evaluating fatalities due to amitriptyline overdose.

Predicting the amount of drug ingested from blood

concentrations can be influenced by many factors. This

study demonstrates that: 1) The parent to metabolite ratio

will indicate the acuteness of amitriptyline overdose. The

highest ratios are usually seen within the first few hours

after an amitriptyline overdose. 2) Samples from different

sites will vary in amitriptyline and nortriptyline concen-

trations; this difference may be twice as much for arterial

blood compared to venous blood. However, this is not

directly related to dose. 3) Whole blood may be two to

four times the concentration of plasma and thus if the

specimen is not true plasma (hemolyzed blood), the assayed

concentration may be higher than the actual plasma
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concentration at death. 4) There is a very large

variability in the concentrations achieved for a given dose

of amitriptyline. Therefore, it is difficult to correlate

an exact dose with a plasma concentration. These factors

must be considered when interpreting a concentration of

amitriptyline in acute fatal overdose and using the

concentration to predict the amount of drug that was

ingested.
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APPENDIX I

AVERAGE HEMATOCRIT VALUES

Time (minutes) MEAN SD

Dose of 80 mg/kg

15 41.87 8.71
30 41.07 8.25
45 40.73 8.01
60 40.37 7.08
90 39.83 5.37

120 39.97 5.19
180 40.40 5.97

Dose of 250 mg/kg

15 50.27 3.09
30 48.87 4.16
45 48.40 5.49
60 47.63 5.23
90 44.53 6.13

120 43.53 6.42
180 42.30 6.44

Dose of 500 mg/kg

15 44.00 2.63
30 43.50 2.67
45 43.63 1.99
60 42.87 0.94
90 41.13 2.21

120 39.20 4.21
180 38.67 5.57

83



APPENDIX II

AVERAGE BLOOD CONCENTRATIONS

Time (minutes) MEAN SD

Plasma Concentrations, 80 Mg/Kg
15 581.00
30 415.67
45 331.33
60 460.67
90 412.00

120 469.00
180 456.33

Plasma Concentrations, 80 Mg/Kg
Artery

15
30
45
60
90

120
180

Amitriptyline,

Amitriptyline, Carotid

712.00
533.33
573.33
426.67
433.67
459.33
570.33

Plasma Concentrations, 80 Mg/Kg
Vei n

15
30
45
60
90

120
180

Amitri ptyl i ne,

354.67
388.67
386.67
491.33
404.33
274.33
505.00

Plasma Concentrations, 80 Mg/Kg
Artery

15
30
45
60
90

120
180

Amitriptyline,

744.33
508.33
448.33
560.00
457.00
440.00
696 . 67

84

Jugular
412.69
221.33
103.40
110.95
58.66
63.83
82.60

325.01
138.59
153.10
87.39

7.72
79.20
56.76

Femoral

232.56
240.30
164.77
212.92
34.88
28.67

109.86

Femoral

401.28
105.60
116.08
16.39
34.41
60.60

143.50

f .. _ 
ww
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Appendix II-Continued

TIME (minutes) MEAN SD

Plasma Concentrations, 80 mg/kg
15 62.33
30 75.00
45 84.33
60 93.00
90 92.33

120 133.67
180 110.33

Plasma Concentrations, 80 mg/kg
Artery

15
30
45
60
90

120
180

106.67
105.33
133.33
105.00
116.33
113.00
128.33

Plasma Concentrations, 80 mg/kg
Vei n

15
30
45
60
90

120
180

Plasma Concentration, 80
Artery

15
30
45
60
90
120
180

68.33
98.33
75.67

123.33
83.33
77.67

107.00

Nortri ptyl i ne, Jugular
26.60
37.48
35.80
29.13
26.64
52.00
23.80

Nortriptyline, Carotid

55.95
42.52
32.89
45.70
15.06
28.58
33.56

Nortriptyline, Femoral

29.33
44.90
29.27

101. 00
27.93
24.50
22.76

mg/kg Nortriptyline, Femoral

111.00
108.67
108.33
121 . 67
120.33
116.00
140 .00

78.32
42.08
35.98
34.18
26.55
32.07
47. 12

,
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APPENDIX II-Continued

TIME (minutes) MEAN SD

Plasma Concentrations, 250 mg/kg
15 592.33
30 1064.67
45 969.33
60 693.33
90 820.33

120 737.00
180 777.67

Amitriptyline, Jugular
291.22
558.71
529.06
283.24
271.87
233.61
184.83

Plasma Concentrations, 250 mg/kg Amitriptyline, Carotid
Artery

15
30
45
60
90

120
180

1349.33
1593.33
1217.00
1150.00
1049.00
884.00

1081.67

529.43
433.65
450.47
407.03
223.49
191. 26
295.08

Plasma Concentrations, 250 mg/kg
Vein

15
30
45
60
90

120
180

586.00
753.00
500.00
492.00
549.33
572.00
709.33

Plasma Concentrations, 250 mg/kg
Artery

15
30
45
60
90

120
180

1137.67
1745.00
1323.00
930.33

1005.67
912.33

1139.33

Amitriptyline, Femoral

199.45
225.82
189.62
196.71
252.00
300.88
329.02

Amitriptyline, Femoral

270.46
494.31
430.31
228.09
171.10
163.84
279.32
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Appendix II-Continued

TIME (minutes) MEAN SD

Plasma Concentrations, 250 mg/kg
15 83.00
30 208.33
45 240.00
60 210.00
90 179.00

120 233.33
180 214.33

Plasma Concentrations, 250 mg/kg
Carotid Artery

15
30
45
60
90

120
180

126.67
251.67
313.33
276.33
280.33
273.00
275.00

Plasma Concentrations, 250 mg/kg
Vei n

15
30
45
60
90

120
180

72.00
149.00
170.00
168.67
199.67
210.00
223.00

Plasma Concentration, 250 mg/kg
Artery

15
30
45
60
90
120
180

Nortriptyline, Jugular
57.31

104.55
122.18
110.26
79.50

119.54
109.77

Nortriptyline, Carotid

69.77
112.77
151.30
119.97
139.05
133.49
138.31

Nortriptyline, Femoral

34.88
70.56
79.65
80.10
106.82
111.27
122.08

Nortri ptyl i ne,

105.00
262.67
284.00
237.00
287.33
274. 67
295.00

Femoral

41.79
125.52
125.53
93.77

135.26
129.93
147.99
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Appendix II-Continued

TIME (minutes) MEAN SD

Plasma Concentrations,
15
30
45
60
90

120
180

Plasma Concentrations,
Carotid Artery

15
30
45
60

120
180

Plasma
Vei n

Plasma
Arter

500 mg/kg
1039.67
1281.67
989.33

1252.33
1781.33
1104.67
1000.33

Amitriptyline, Jugular
438.85
51.45

280.75
352.72
861.17
114.41
66.37

500 mg/kg Amitriptyline, Carotid

2611.33
2459.33
2291.33
2521.00
2009.33
1618.33

1090.98
784.51

1054.10
913.61
592.93
353.10

Concentrations, 500 mg/kg Amitriptyline, Femoral

15
30
45
60
90

120
180

954.00
1326.33
1045.00
1025.33
1508.67
2191.00
1707.67

423.47
727.19
522.82
513.78
997.42

1851.92
1307.42

Concentrations, 500 mg/kg Amitriptyline. Femoral

15
30
45
60
90

120
180

2475.33
2609.33
2470.67
2481.67
2855.33
2320.33
1765.33

1985.69
963.78
802.59
681.91
707.37
286.37
331. 59

6
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Appendix II-Continued

TIME (minutes) MEAN SD

Plasma Concentrations, 500 mg/kg
15 138.00
30 216.67
45 207.33
60 239.67
90 290.00

120 214.00
180 171.00

Plasma Concentrations, 500 mg/kg
Artery

P1 asima
Vein

15
30
45
60
90

120
180

280.00
371.00
404.00
475.00
450.00
377.33
289.67

Concentrations, 500 mg/kg

15
30
45
60
90

120
180

114.33
223.33
204.67
208.00
278.33
497.33
269.00

Plasma Concentrations, 500 mg/kg
Artery

15
30
45
60
90

120
180

232.33
432.33
436.00
208.95
473.67
473.67
414.33

Nortriptyline, Jugular
48.69
57.42
69.68

118.28
157.92
54.26
21.28

Nortriptyline, Carotid

204.85
200.54
190.03
266.14
201.44
154.56
76.36

Nortriptyline, Femoral

63.80
116.53
104.85
113.25
203.09
525.07
200.29

Nortriptyline, Femoral

178.98
233.97
208.95
55.73

228.36
224.31
192.66

' ' , 
- -
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Appendix II-Continued

TIME (minutes) MEAN SD

Whole Blood
15
30
45
60
90

120
180

Whole Blood
Artery

15
30
45
60
90

120
180

Whole Blood
Vei n

15
30
45
60
90

120
180

Whole Blood
A rt e ry

15
30
45
60
90

120
180

Concentrations, 80 mg/kg Amitriptyline, Jugular
1443.33 722.44
1073.00 492.07
1184.33 345.01
1208.00 372.84
1131.67 317.13
1093.67 179.19
1220.00 128.35

Concentrations, 80 mg/kg Amitriptyline, Carotid

1391.00
1485.00
1221.00
1352.00
1423.67
1284.67
1359.33

672.18
669.13
403.91
450.77
505.68
194.78
132.85

Concentrations, 80 mg/kg Amitriptyline, Femoral

1268.67
1185.33
933.33
819.67

1085.33
1126.33
1092.33

701.38
393.63
250.76

91.12
282.05
217.88
187.44

Concentrations, 80 mg/kg Amitriptyline, Femoral

2112.67
1421.33
1231.33
1231.67
1360.33
1212.00
1622.00

1338.91
507.17
657.65
518.29
283.32
111.02
509.75
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Appendix II-Continued

TIME (minutes) MEAN SD

Whole Blood Concentrations, 80 mg/kg Nortriptyline, Jugular
15 100.67 50.66
30 103.33 59.70
45 112.67 42.24
60 119.33 41.96
90 141.33 51.69

120 126.67 42.28
180 138.33 48.40

Whole Blood Concentrations, 80 mg/kg Nortriptyline, Carotid
Artery

15 148.33 76.53
30 147.00 43.84
45 143.33 40.14
60 143.67 38.52
90 167.00 27.90

120 179.33 13.60
180 167.00 15.25

Whole Blood Concentrations, 80 mg/kg Nortriptyline, Femoral
Vei n

15 92.00 53.24
30 91.33 36.94
45 92.33 32.10
60 92.33 22.90
90 104.67 25.38

120 124.33 21.08
180 154.67 15.69

Whole Blood Concentrations, 80 mg/kg Nortriptyline, Femoral
Artery

15 171.00 104.23
30 143.33 45.49
45 147.67 44.00
60 144.33 37.75
90 123.00 44.95

120 172.33 11.15
180 194.00 29.41



92

Appendix II-Continued

TIME (minutes) MEAN SD

Whole Blood Concentrations, 250 mg/kg Amitriptyline,
Jugular

15 1497.67 582.9
30 2840.00 1649.9
45 3019.67 1727.3
60 3019.33 1633.8
90 3308.67 2122.1

120 3304.67 1462.71
180 2 1443 46,l

Whole Blood Concentrations, 250 mg/kg Amitriptyline,
Carotid Artery

15 285 5.00 888.6
30 3461 _67 1 n91 7

45
60
90

120
180

3591.00
3041.33
3743.00
3007.00
2761.00

0
9
1
8
1
6
0

9

1567.63
681.30

2200.01
1391. 12
1211.80

Whole Blood Concentrations, 250 mg/kg Amitriptyline,
Femoral Vein

15
30
45
60
90

120
180

1039.00
2090.33
2470.67
2247.67
2346.67
1928.33
2370.67

707.65
688.32

1117.52
1094.41
1428.64
921.37

1521.00

Whole Blood Concentrations, 250 mg/kg Amitriptyline,
Femoral Artery

15
30
45
60
90

120
180

3066.67
3629.00
3252.33
3270.33
3185.00
3122.33
2352. 67

645.03
1506.88
1014046
530.18

1230.49
1355.57
846.98

.T r "i 1'U .L
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Appendix II-Continued

TIME (minutes) MEAN SD

Whole Blood Concentrations, 250 mg/kg Nortriptyline,
Jugu1ar

15
30
45
60
90

120'
180

170.67
407.00
417.67
473.33
458.33
539.33
449.00

74.17
166.70
167.37
217.59
187.27
235.74
179.49

Whole Blood Concentrations, 250 mg/kg Nortriptyline,
Carotid Artery

15
30
45
60
90

120
180

255.67
451.00
537.67
489.00
568.33
598.33
526.67

156.79
161.75
200.75
177.49
241.17
258.28
214.64

Whole Blood Concentrations, 250 mg/kg Nortriptyline,
Femoral Vein

15 148.67 14.2
30 271.00 67.2
45 351 1f(7 7
60
90

120
180

318.00
366.00
349.67
382.67

9
4

92.70
185.82
178.29
207.56

Whole Blood Concentrations, 250 mg/kg Nortriptyline,
Femoral Artery

15 182.33 29.3
30 521.33 180.7
45 527.67 207.8
60 485.00 136.1
90 574.00 241.1

120 569.00 269.0
180 483.0 212 RI

3
0
5
0
5
4
6

sg --

.-v%,0 v .GJ
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Appendix II-Continued

TIME (minutes) MEAN SD

Whole Blood Concentrations, 500 mg/kg Amitriptyline,
Jugular

15 3463.33 1531.51
30 4321.00 448.71
45 3986.00 592.28
60 3455.33 1170.24
90 3318.33 1199.43
120 3469.67 1406.39
180 3325.33 1386.02

Whole Blood Concentrations, 500 mg/kg Amitriptyline,
Carotid Artery

15 7016.33 2518.81
30 7155.33 2448.32
45 7282.67 2167.35
60 8032.67 4911.64
90 7214.00 1150.58

120 5077.67 1614.59
180 4786.00 1086.31

Whole Blood Concentrations, 500 mg/kg Amitriptyline,
Femoral Vein

15 2859.00 1216.23
30 4000.00 777.09
45 3502.67 1401.45
60 3348.33 1797.74
90 5094.00 4464.18

120 5971.00 5882.61
180 5620.67 4753.41

Whole Blood Concentrations, 500 mg/kg Amitriptyline,
Femoral Artery

15 6940.00 4587.21
30 7687.00 2073.00
45 7324.67 3218.14
60 8886.67 3917.15
90 5932.00 2459.31

120 5326.00 1588.01
180 6475.67 1536.66
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Appendix II-Continued

TIME (minutes) MEAN SD

Whole Blood Concentrations, 500 mg/kg Nortriptyline,
Jugular

15 248.33 50.50
30 388.00 96.34
45 373.67 88.31
60 343.00 74.06
90 308.67 62.99

120 339.67 107.54
180 311.67 95.16

Whole Blood Concentrations, 500 mg/kg Nortriptyline,
Carotid Artery

15 421.67 201.34
30 660.00 280.88
45 719.33 262.88
60 756.33 308.78
90 714.33 27.39

120 627.00 109.64
180 578.00 82.96

Whole Blood Concentrations, 500 mg/kg Nortriptyline,
Femoral Vein

15 181.00 88.73
30 358.33 185.35
45 312.33 158.22
60 313.00 154.38
90 505.33 345.27
120 634.33 565.53
180 580.33 496.29

Whole Blood Concentrations, 500 mg/kg Nortriptyline,
Femoral Artery

15 417.67 260.82
30 612.67 216.40
45 746.00 284.94
60 771.67 246.38
90 669.67 109.47

120 617.00 80.51
180 665.67 154.95
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