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A Report on Autopsy Cases Involving Amitriptyline
and Nortriptyline*
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Summary. The concentration and distribution of amitriptyline and nortriptyline in
different parts of the body of 56 autopsy cases are reported. The cases are grouped into three
categories: 1) cases in which poisoning by ami- or portriptyline seemed to have been the only
cause of death, (i) cases of “mixed poisoning” by these two drugs and other compounds
andfor ethanol, and finally (iii) deaths by physical means where ami- or nortriptyline wasg
found but did not play a direct role in the lethal outcome.

The severity of the intoxication by ami- or nortriptyline is best judged by the concentra-
tion of the dvug (and its metabolites) in the liver, in a similar fashion as for the phenothiazine
drugs discussed in an earlier paper.

Key-Words: Tricyelic antidepressive Amines, —— Peisoning. — Intoxication. — Amitrip-
tyline., — Nortriptyline.

Zusarmmenfassung. Die Konzentration und Verteilung von Amitriptylin und Nertriptylin
in Korperflissigkeiten und Organen von 55 Sektionsfallen werden in 3 Tabellen wieder-
gegeben. Sie umfassen 22 Fille, in welchen es sich um reine Ami- oder Nortriptylinvergiftungen
handelte, 27 Beispiele von Vergiftungen mit mehreren Agentien und 6 Todesfille aus korper-
licher Ursache, bei denen aber auch die oben erwihnten tricyelischen Amine gefunden wurden.
Pathologisch-anatomische Befunde von Bedeutung fiirr die Todesursache werden in den
Tabellen angefiihrt.

Fiir eine Beurteilung tédlicher Vergiftungen mit dieser Gruppe von Arzneimitteln scheint
dor Giftgehalt der Leber am geeighesten zu sein, ganz entsprechend den von uns frither ver-
otfentlichten Resultaten von Phenothiazinderivat-Vergiftungen. Die Konzentrationen in
Blut, Nierc und Harn sind nicht ohne weiteres zu einer Beurteilung von Vergiftungen zu
gebrauchen.

A report on autopsy cases in which phenothiazine derivatives were found in
the liquids and tissues of the bodies has recently been published by our laho-
ratory [1]. The paper also contained an outline of the analytical mcthods used
and a discussion of the phenothiaxine drugs’ toxicological importance. The present
work deals with the role played by amitriptyline and nortriptyline in forensie
cases with lethal outcome.

A scarch of the literature prior to 1969 has yielded only 9 cases of lethal
poisoning by amitriptyline but recently a report on 6 additional cases has
appeared from Denmark [2]. The most important toxicological data on these
13 incidents are summarized in table 1. At the international conference on poison
control centers in New York (June 1969), Bismuth reported 400 clinical cases
mtopsies reported in this paper have been performed by Drs. K. Bostrom,
B. Falconer, P. Geertinger, H. Glaumann, S. Jacobsson, II. Knutson, B. Tarsson, 8. 0.

Lidholm, J. Lindberg, A. Lindgren, I. Lingmark, L. Rammer, T. Saldeen, Hj. Sjovall, G.
Voigt, B. Zetterlund, and one of us (G.S.).
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of poisoning by tricyclic antidepressive amines, 38 of which had a lethal cutcome,
but no chemical dala were given.

Among the forensic autopsy cases in Sweden, the findings of amitriptyline
and nortriptyline have increased from 4 in 1966, to 15 in 1967, and 23 in 1968
and stayed there in 1969 (20 cases). In Denmark, a similar increase is taking
place [2]. In view of this development we thought that a short report on our
experiences would be of interest.

Methods of Analysis

Amitriptyline and its desmethyl derivative nortriptyline are chemically only loosely
related to the phenothiazine derivatives. They contain neither nitrogen nor sulfur in their
ring structure and the central ring is 7-membered.

Amitriptyline and nortriptyline do not give color reactions with iron salts, palladium
salts. Folin-Ciocalteus reagent, or vanilline in snlfuric acid sach as the phenothiazine deriv-
atives do. Amitriptyline does not either show fluorescence under normal experimental
conditions. Oxidation products comparable to the sulfoxides obtained from phenothiazines
are not known.

This lack of reactivity limits the seope of routine assays to ultraviolet spectrophotometry,
thin-layer chromatography and gas chromatography. The difficulty in detecting these drugs
by spectrophotometry can be overcome by the procedure of Wallace and Dahl [3] in which
the amine is oxidized to a keto compound with a pronounced absorption peak at 250 my.

A number of publications on thin-layer chromatography of the amitriptyline type of
compounds have appeared (2,4—10), some of which (2,9) suggest five different solvent
systems for development. Speeific spray rcagents have not been described, however, and the
“spots” were either detected in ultraviolet light on fluorescent thin-layer matcrial, or they
were made visible with Dragendorif’s reagont.

(%as chromatography of ami- and nortriptylinc meets no gpecial difficultics. Appropriate
methods have been deseribed by Street {117, by Wallace and Dahl [3] and others.

Our own analytical method is practically identical with the procedure described for the
assay of phenothiazine drugs [1], except for the detection of “spots” on the thin-layer
chromatograms. These are visible in ultraviolet light (if fluorescent layers are used) and after
spraying with iodoplatinate or Dragendor{f’s reagent. The position of the absorption maximum
at a relatively short wavelength (239 mp) makes it necessary to use a purification procedure
more frequently than in the case of the phenothiazine derivatives. Usually elution of the
untreated thin-layer spots will give extracts with a neat ultraviolet spectrum.

When preparing extracts and when purifying solutions of phenothiazines or tricyelic
amines it is well to keep in mind that certain ion pairs (notably the hydrochlorides and
hydroperchlorates of these drugs) are soluble in many organic solvents, especially chloroform.
Thus, in a system hydrochloric acid-chloroform. a considerable portion of the tricyelic amines
and phenothiazines will be found in the organic layer after shaking. They will leave the
chloroform wpon shaking it with sulfuric acid of suitable ionic strength. Some consequences
of this behaviour will be discussed in a fortheoming paper [12].

Autopsy Findings

The pathological — anatomical findings were quite non-specilic in these cases of lethal
intoxications and were usually confined to stasis of the inner organs and (sometimes hemor-
rhagic) pulmonary edetma. Epidermic manifestations, like those observed in poisoning with
methaqualone and sometimes with barbiturates, were absent.

In some cascs, purulent bronchitis and/or bronchopnenmonia were [ound and regarded
as complications of the intoxication. However, it cannot be excluded that in exceptional
casos the bronchitis andfor bronchopnoumonia existed before the leshal intoxication took place.

In a few instances other pathological conditions of the inner organs were observed, such
as considerable myocardial fibrosis, hyperirophy of tho hcart, or fatiy liver.
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Results and Discussion

Tt is not satisfactory to present analytical
data on lethal poisoning cases out of context
with anamnetic and pathological-anatomical
findings. According to the principles discussed
in the paper on phenothiazines [1] we have
grouped our material in three main classes:

1) Table 2 shows 22 cases of lethal poi-
soning very probably due to amiftriptyline
or nortriptyline alone (usually suicides).

2) Table 3 lists 27 cases of lethal poi-
sonings by a combination of ami- or nortrip-
tyline with other drugs and/or ethanol.

3) Table4 reports 6 cases where death was
due to physical causes or carbon monoxide
poisoning, but where minor amounts of ami-
or nortriptyline were detected.

Tables 2—4 show the drug concentrations
in mg per 100 ml of blood or urine, and mg
per 100 g of liver or kidney. The values
represent the sum of the parent drugs and
their alkaline metabolites with similar ultra-
violet spectra.

The drug concentration in the blood was
determined in 13 cases (Tables 2 and 3) and
found to lie between 0.0 and 1.1 mg of ami-
triptyline, and between 0.8 and 2.6 mg of
nortriptyline per 100 ml of whole blood respec-
tively. The cases from the literature (Table 1)
show values ranging from ‘‘traces” wup to
1.8 mg of amitriptyline per 100 ml of blood.
The high level reported in one case by Im
Obersteg and Baumler [15] — 3 to 4 mg per
100 ml — was estimated from the size of
“spots” on thin-layer chromatograms and
may be in error.

It is very difficult to compare the results
of toxicological assays carried out at different
laboratories with the help of different methods
and techniques, and all such comparisons
must be regarded as approximations.

The data for phenothiazine drugs in a
comparable set of cases [1] indicate a higher
blood level than for amitriptyline. The con-
centration ranged between 0.1 and 3.5 mg
of phenothiazine drug per 100 ml of blood.



R. Bonnichsen, A. C. Maehly and G. Skéld

194

a — ‘PR *d ‘S ‘A :punoj 30N - — 8 T0 v 69 A GIV
Aydonrod Ay
AJa orIpIRD JYSIIY "de ‘O ‘g ‘S 1PUNO] J0N - — T'6 - Y Lg N v
AydomaedAy
S owipaeo Jydig  dep ‘W ‘q ‘g “H ‘PUNo 0N - - 01 — v i 4 N oIV
ad — 4RI ‘d ‘S :punof 0N 99 - 11 — N 8¢ a 6V
a - "deJ 9O g ‘S Punoy JoN — 12 i4) - N (44 It 8V
IOAT] 93 Ul
sofueyo £19ey 1Sy dof “)oIY “‘d ‘S :punoj joN
AydonrodAy
qJv oBIpIed JYBNS 19700 :H - — g1 — v 8% N LY
aoppd ur
a palIng eoe} Ym punoyg “deTy “poI “d ‘S :punoy 40N 91 8¢ LT g0 N-+V 93 q 9V
syURU00 orysed
S Fo wonendse Jydig - 6 8L 44 X N 44 a v
q - "I ‘A ‘S “E PUnof 30N — — 4 o v Ve q vV
dv — ‘I °d ‘Q :punoy joN — — 9% — v 6% N (A4
a — 1IN ‘g ‘S 1 punof joN — - ov — N+V 124 q (44
SIS0 [eIparooLur 4SN[g
fsaB0d
d 491 ® I0T SnjI[[eW 818qBI(J "dopy ‘oI ‘g ‘S *punoy JoN 6°0 6°¢ 1554 Lo v 8% n v
euny  Aeupry JeAry  poold
SRy $[NSOT [eoTjATeTE I8]() (8 001/3wr) worpeIIUSOTOY) Snig 8y xog IN

MO PALLEDY SDM JOUDY2 40f
pup sbnip 4ayjo 4of busussdog “s.40p0nf Bunnquipiuoo sv pantasqoc a4am sjuaguo 0uysph fo uonpmdsp 4o ‘sisomosaqny fipuouwnd ‘unyouolg ‘vruowmaud
-0Youolq ‘gg¥ O LIV "o sespo uy ‘gsubojoypwd osussof oyg fiq pogiodes asom suwodmo oyl oyy 4ol sasmpo fuppuorss ouw ‘9 of [ Cow
$o810 UL “ywap 40f 2sMWO olvws figuo oyy svm figqugoad (A7) euyhsdragion aofpuv () eurfiydripun fo asopisao up yNym wy sasv0 fisdony ‘g o[qel,



195

A Report on Autopsy Cases Involving Amitriptyline and Nortriptyline

-punoj eproms ojqeqoad Sugioddns cousprae Ieyjo § ‘punoj efessew quojeAmbe 10 10390] [[om-exe} . ‘umouy (s)jduresge [epoms snomerd g
‘guonTpuod oiyeryodsd rejruns I0 suosserdep I0f pejesry quoryed (I ‘POUSI[GEISS WISHOYOO[R JO AT0SIY YV :wwnjod s F — (3ueo Jod) peapuny
1od syred U1 weAIS ST YOIYM JO UOIJRIFUSHUOD o1 ‘[ourpe a0f qdeoxe ‘ojdures jo 5001 10 [ur gOT tod Snap jo Sur se posserdxo oI8 SUOI)BIPUSOUOD
[IV -euun in pue ‘oAl I[ ‘poo[q [q :0s[y ‘seje[Adifes § pue ‘ouorenbeyjeny ¢op ‘spunodwos peje[ar pue orewmreqordeur dey ‘jouryie o
‘soarjeattopuidezerpozueq (I ‘sojeInjiqieq ¢ siynsas (ooufippun soyip ¢ — (epdures Jo sow] I0f Afrensn) peuwnioped sisd[eue ou — ‘UOORjAp
Q[qEI{dI JO JIW] Y} MO[q UOKBIUSOU0d Fnip ( .suoypsusouc) ‘g — ourldydiniou N pue ounlydimiue v b6ryg 1 pesn EUOKRIASIGQY

Id

powaoyaad sSuny Jo

uorjeuIexe 91doosoIorur ON

SIIYpUOIg

sd®%p ¥ 10§

reydsoy Ur peArang
sisoagdeu vorydou remof
eruowmaudoyouorg
S1Uequoo oLgses Jo
uonyeNdse o[qRISPISIO)
siso[nogoqny Areuowrng
SIURJU00 OTHSES JO
uorpendae ojqeIOPISUC))
sAep ¢/, 107

reqidsoy wr pearaing
erucwneudoyouoag

eruownsudoypuoxg

y9yeop a0} uorpeuridxe
£3010%]JS1188 ON

POPN[OXO 9q joUUE)
yeop 0y JuIfII)
SIRATOINE 9]qRIIPISUC))

sisoxqIy yerpareoodur 9YSIQ

R ‘g ‘S 1punoy joN

“doTy 90y ‘d ‘g 1 PUNOY JON

A PN ‘g ‘S 1punoy joN

“(f *punoy joN

"d PI ‘4 ‘S 1PUnoj joN
‘doTy “PW ‘d Y 1punof JoN
‘dop ‘bl °d ‘S ‘|

rpunoy JoN

9200 2 1°0:d

9 °d ‘S :punoy JoN
‘[ :Punoy JoN

“daJy ‘10T ‘g ‘S ‘W :Ppunoj joN

G2

€€

Lo

1

80

0'¢

9'8
11

9%

N
N+V

N

N+Vv

0g

1%

€8

0&

44
Ly

e
98
19

(4

eV

0evy

61V

81V
LIV

9TV

g1v
1187
eIV

14%



R. Bonnichsen, A. C. Maehly and G. Skéld

196

“dagy Ol °g °§ :punoj JoN
an g : epIxodezerpao[y))

a - Mqore -y — - i - Y 85 K I
FuUNuod a1eed 1o ‘g 'S 1puUnoj JoN

- jo uonendss Uiy 9F00 | - — g — v ¥ a erg
‘doty W ‘g ‘Y punoj JoN

v - Moy - — 9 - v £ W Gl
" ‘1P g ‘g (pumoy 30N

- - 9 L0 29y RIpATRIONG) T - Lo - v (& d g
dap ‘W d ‘Y Tpunog 10N

€L — 100 — - L - v 83 W (1131
(L “dom “49TK ‘I ‘Y fpunoy 10N

- - 900 H - - 8L = v ey W 6g
"daf W *d ‘g :pUNoj jeN

Ad - T80 :H - — gL — v Le ol 84q
#jU00 2LMERS ‘dajy ‘19l ‘g :punoy joN

La jo worjeardss JyaNg HEEis - — 8 — v 7% n Ld

da — 19 g% 19prxodozepoN) LAY g'¢ L'8 Tt v 81 A 1131
“doTy ‘eI ‘4 ‘S rpunof JoN

Ja - 190 o1 — — 11 -— v 8% d 9d
Ty rdep

Ad — R L ORIl I _ — gl — v 2 N ¥
RETN 1) deTy ‘I ‘4 ‘Y : punof JoN

a uy seBuvyd £490) 4usNg 19 L8°0 *H — — ¥L — v 9g W £d

L 90 “mp0:a Gl 6 ¥1 £0 N 8¢ n (41l
"doT 99TY g Y :punoy 40N

X1 - MEd 4 LT PR - - dd — v Y q 14

oun) Aeupryy AT poolg
YIRS sy nsad ror A[RuE Y10 (8 p01/5w) uoreIIUROUO)) Snaqg 88y  x0Q "IN

POST, D41 Z FJGUY UM §D SPUN PUD SULUINEZLGYD JU0S 2Y T, “98 T 01 07 0% 59810
UL PIGIBGO 240 SISTIOD YINS SWOLIYM “Yiwep 40f SIENDY RADpucaas o 40 4OmtwL Yum sespd 2 I 0 I "ON
yowm wy 4o ‘ebnsp sayio puw () ounfilgion 4o () swyfdsaun qioq £q Buwosiold o anp Ayuzanddp som ypoep yowgn e 690 fisdomy g ojqe],

‘oL IO PapesnEa §peaa) JoYyoalm posly



197

A Report on Autopsy Cases Involving Amitriptyline and Nortriptyline

av

av

qdv

av

Ld

Ayqdomied Ay ovrpre)
J0A1] oY} ur seSumsto
K9yey o[qeIopIsuo)
Aydorred Ay oerpie)
wnrpreooLur

o1y ur seBueyo L19eg
JOAT] oY) uI seSueyo
£99%8] 9[qRISPISUO))

SIS0IO[OSOLIONIR
£I8U0100 B[qBIOPISUO)

sny[fowr sojeqel(]
(amorqrd uy perumq eowy)
uogesoyns o[qeqorJ

Asdoyndyy
STJTOUOIY JueynIng

SDYI[OUL 8030
eruowmeudoyouolg

eruownsudoyqouorg

$1U9U09 o1rsed Jo
uonyeirdse ojqeropisuo)

d0A1f Y3 Ul
seBueyo £yyey 1yl

‘doly ‘IO ‘g °S punox 0N
AP0 E
“1OI °§ ‘U :punog 30N

‘Me'9 *[%31qI8qOoey

+ [eHqIrqoy[eIg

‘doTy “0IN “‘ ‘§ :punoj JoN
-am 10

:epixodezerpIo[)

o ‘Ao ‘48 ‘g punoy JoN
L0 [eqIRqouLy

"ol ‘IO ‘4 °§ ‘M 1 PUNoj 0N
"I §'Q ‘euopruIIg

1] 0'g :ourarerdrmLLy,

"dopy ‘oI ‘g °g punoy joN
mTo g

1910 “m ¢'o
:oprxodoezerpIo[yy)

“doy ‘oI g Punoy JoN

19 10 s[eyqreqoady

" ‘DO P ‘d ‘S 1PUNoy 40N
310 ° |

1O ‘d ‘Y Punoj joN
MH18

WP Ao

"(@ ‘Aol ‘g ‘g fpunoj JoN
9 ‘1990 2PN

" ‘doTy ‘IOl ‘g ‘§ 1punoy 0N
19980 10

‘de 9T g : punof 0N

HCR

“doyy ‘19§ ‘] :PpUNOJ JON

9 3°0 :[Bhmy

500 *H

v

¥'0

0e

60

¥

9

61

144

G0

€0

€0

o

N+V

¥a

14

gg

98

b4 4

e

99

6%

Ly

a1

€c

k44

g€

Lgd

9sd

ged

vod

€cd

eed

Izd

0gd

61d

81d

L1d

91d

¢1d
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ES w“ o - It scems highly questionable if the
§§ <1aR AR concentration of this type of drugs
SE in the blood of autopsy cases gives
24 signifieant information about the
,.gg g severity of the intoxication, quile
§ B 3 £ apart from the analytical difficulties
% E go Eé E;g :E:D often cneountered at such relatively
§§ g g % £ % :’::’ ].C-)W drug lovels as long as conven-
5 %’ g e .éo g E K 2 E P tional methods are employed.

é x £ & Hg g g £ %% Sjoqvist [19] observed 10 patients
2§ (2 Eﬁﬁgé“j@ = £| who got a daily dose of 350 mg
25 . of nortriptyline. After about 2 weeks,
= . g . the plasma concentration reached
E i = i §* § o a fairly constant level, but this level
o DR | B = i 'j - = varied from about 0.03 mg t00.12mg,
595 % g8 232 =2 o and reached in 3 patients about 0.15,
‘3__:% 8l = Lo S o = 0.22 and 0.3 mg rospectively per
TRE a Heod Zo £ H 100 ml of serum. The corresponding
sg s £ TErETgEs g values for whole blood would be
TET 2289 L E expected to be about 30% smaller.
£ss|.8 2228 s3Iz5z Genetic factors, as well as Interaction
g 2 -g = AAHSZ DAE & with other drugs were thought to be
g g § responsible for these variations [19].
:"%5 % The determination of the con-
E‘;% 3 51 = by i centration of the drugs in the liver
ESE has more practical value than that
- g in the blood. One must, of course,
PR g g be aware of possible accumulation
NN £ hoth th t ds and
s:2( 5 of ho e parent compounds an
SENIE . their metabolites in patients who
S '§ HEIEIE o © had been taking these drugs for some
LR Al Fd e~ = time (cf. ref. [1]). No values for
<5 £ amitriptyline concentrations in the
E = g E - liver of such patients were found in
- E S|E| S the literature .However, the cases of
SE Table 4, in which death had resulted
= 8 6 from other causes than amitriptyline
§§ § o < poisoning, might be indicative of
LD such an accumulation: the highest
% > 2 values lic somewhat over 4 mg of
3 § = $ER BR A drug per 100 g of liver.

g § y By contrast, all bona fide intoxi-
2D @ SEaE 2 = cations by the amitriptyline type of
<5 drugs Lie over 5 mg of amine per
<8 100 g of liver, with only one excep-
=¥ |8 nan zs < tion (case A 16).
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A definite correlation between the analytical data vn the one hand and the
circumstances of death as well as the morphological findings at autopsy on the
other hand would be of great value and considerable interest.

It has usually not been possible to establish the time interval between the
intake of the drug and death with any degree of certainty. The police reports
gave very few clues, and even the autopsy findings (condition of the digestive
tract and the like) conld only rarely clarify this question.

If the cases of poisoning by ami- or nortriptyline alone are considered (Table 2)
one finds lower values (0.8—11 mg per 100 g of liver) in cases (A 17, A 18, and
A 22} with purulent bronchitis andfor bronchoppneumonia than in cases (A 1—A 16)
without such complications (2.6-—45 mg, with an average of 16—17 mg of drugs
per 100 g of liver). The lower set of values may be explained by the assnumption
that the survival time was considerably longer in cases with complications, and
that metabolism and excretion of the drugs had therefore continued for a longer
period of time, The pharmacokinetics of ami- and nortriptyline show great
individual variations (Sjoqvist [197).

In two other instances of intoxication by amitriptyline or nortriptyline alone
(cases A 19 and A 20), massive aspiration of stomach contents was observed.
This was presumably due to vomiting at an early stage of the poisoning process,
and death occurred beforc the absorption and distribution of the drug wero
completed. The relatively low drug concentrations (3.2 and 3.9 mg respectively
per 100 g of liver) observed in these instances indicate that this assumption could
be essentially correct.

In some cases the period of time bebtween drng intake and death could be
limited to a few hours (A 2 and A 5). In these instances the concentrations were
relatively high (40 and 22 mg of drugs per 100 g of liver). In case A 18, however,
100 g of liver still contained 8.6 mg of drugs after 2%/, days of hospital treatment.

In the instances of ““mixed poisonings™ (Table 3), 100 g of liver was found to
contain from 7 to 22 mg of amines, where complications were found to be absent.
Cages with secondary causes for death showed lower levels (0.5—86.4 mg per 100 g),
with one exception {case B 20).

In many of these “mixed poisoning™ cases, the concentration of ami- or
nortriptyline was surprizingly high. It is possible that the combination of several
drugs taken in large doses leads to a relatively rapid death, so that the metabolism
and excretion of the amines had not lowered their concentration in the liver to
any greater extent.

In cases where pathological conditions of the organs were observed, such as
myocardial fibrosis, hypertrophy of the heart or fatty liver it was not possible
to decide for certain if these conditions had played a significant role for the lethal
ontcoms of the poisoning cases, sinee other drugs were present and complicated
the picture.

Only ten values for the kidney are available. The drug concentrations found
in the kidney were always higher than in the blood and lower than in the liver.
The number of cascs is too small to warrant a detailed discussion of their
significance.

The diagnostic value of urine analyses in poisoning cases with this type of
drug is obviously limited to qualitative data as discussed for the phenothiazine
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drags [1]. Diuresis, the pH of the urine, and individual variations in metabolism
{by habituation and by heredetary factors) are, no doubt, factors responsible for
the great variations in the concentrations observed.

It seems fairly safe to state that the level of ami- and nortriptyline in the liver
gives the best and least erratic Jead in evaluating the role played by these drugs
in lethal intoxication cases.

Tn connection with this study, no effort was made to isolate and assay drug
metabolites, as had been done by Munksgaard [2].
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