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Determination of S - Phenylethylamine
Blood Levels in Carbon Monoxide
Intoxicated-Related Fatalities

Wen-Ling Lin*BS, Kai-Ping Shaw MD, PhD

L]
Department of Forensic Pathology, Institute of Forensic
Medicine, Ministry of Justice, Taipei, Taiwan.
L]
(]

B-Phenylethylamine (PEA)

.

by

“ > Act indirectly as a sympathominetic amine through
releasing dopamine & norepinephrine and may direct
action as synaptic activator  Neuropharmacol 22(11): 1297, 1983

“» Cross the blood-brain barrier Am. J. Physiol 221:1629, 1971
» Selective substrate for MAOB which plays a significant
role in psychiatric disorders

. “» Rat plasma elimination by MAOB - Vmax 97.39+10.59

= ug/g/h, Km 1.39 +£0.87 ug/g

J. Pharmaceuticl Science 86:487, 1997

Ap— C/\C“D"
-
4 (PEA) Phenylacetic acid
]
™ ,Q/VNM
o
N-Memytyramine
W =, N,
N 5 AADC O/\f PNMT
m,‘ A coon Ho? P N
L-Tyrosine 2 Tyramine MAO-AB C’ £oH
Ho
o pHydroxyphenytacetic acid
= DBH Qﬁ,‘m‘,
o
= -t
o
m TH S PNMT
oy o
o .
L] p-Octopamine MAO-AB cosrt
o
] p-Hydroxymandelic acid
-
N7 o e |
g Hot N O00H Ho \—' Ho, o00H
\\aﬁ -DOPA Dopamine MAO-AB HQI j
» comT l 34-Dihydroxyphenylacetic acid
SO | o TiPS 2005, 26: 274
o T
3 MAO-AB o]

Homovanillic acid
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Structures

H. . NH,

- (e

- 5 -phenylethylamine

Al (PEA)
[\

Y

Amphetamine

Table 3 Reference concentrations of lrace amines required for
amphetamine-ike responses

Trace amine  Response Dose
PE Increased NA release 3
(PEA) 10 ™!
Increased DA release 10 ™!
50 pm°
0.5 pu™
12.5 mg/kg intracardial®
12,6 pu (IC1s)
[/ 0.8 pu
= Increased 5-HT release 0.8 pu
Inhibition of DA uptake 10 ™
. 4.5 pu™ (ICsp)
- 1.4 uu? (Kn)
™ Inhibition of NA uptake 10 pa® »
= 0.7 pu* (IGs0)
Inhibition of 5-HT uptake  89.5 pu* (IC5,)
m Increased DA synthesis 0.2 pu"
| 5] Hypodipsia 25 mgkg ip?
m‘ Behavioral stereotypy 25 mgkg ip)!
“ 12.6 mg/kg ip.*¢
32 mgkg ip*

Arered I activit 1 [
ered neuronal activity mgrkg Lv. J Neurochem 2004, 90:257

—

“S¥%y Monoamine Oxidase B (MAO-B)
.

H

> An integral protein of the mitochondrial outer
membrane.

»|sozymes, termed MAO-A and MAO-B
expressed in most human tissues, only MAO-

2 B is expressed in the human platelets.
.. » Rate-limiting step of monoamine oxidation is
. oxygen-dependent. »
® “»Enzyme activity could be detected consistently
[\ for ~20 hours after death.
mi Brain 111:1441, 1988; J Neurochem 23:791, 1974.

Biochem Pharmacol 38:901, 1989

16



Hypothesis

“= Monoaminenergic system in asphyxia
=MAO-B activity will be decreased in hypoxic
status and substrate PEA be accumulated in
body fluids
=Base on rate-limiting step of MAOB via a
" oxygen-dependent

a

[\
RVIAY A
- ﬁPhenylethylamine Phenylacetaldehyde
Elevation of PEA Blood Levels in Nitrogen-Induced
“® Asphyxia in Rats
N 250
_ 0O Spinal dislocation
% 200 m Acute (N2 20 psi)
;, mN2, 5 psi
3 150
<<
& 100 |
g
@ 50 |
L ‘ ‘
0 hr 1hr 2hr
. Autopsy time after death
=
wANY
L\vl \ Fig. Time course study of PEA blood levels in different causes of death.

Each group contained six animals. Rats with spinal dislocation treatment served
as controls. * Significantly different from controls ( p < 0.05)

a

=

@

‘@.ﬁ;%i- Carbon monoxide

»High affinity for hemoglobin 200 times
greater than oxygen.
“»Carboxyhemoglobin (COHb) causes a

@ decrease of the oxygen-carrying
capacity and induces a hypoxic status.

4

[\
Y71
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= Dose asphyxia cause an
accumulation of PEA in human

blood

= Dose CO intoxication cause an

= accumulation of PEA in human
u blood

W

What relationship between PEA

ND blood level and duration of hypoxi
71 and agonized status.

Definition
« » Control

Fatalities unrelated to asphyxia included sudden death by
cardiac failure, gunshot injury, violence, and traffic and
falling accidents

» Suffocation
Fatalities with choking on food, fixing a pad over the face,
and drowning.
= » Strangulation
m Fatalities where the causes of death were by manual
- strangulation (hand or ligature) and hanging.
> CO intoxication

Fatalities with COHb > 20% that cause of domestic natural
gas water heater, burning charcoal within a confined
space and structural fires in houses.

» Postmortem interval <3 days

18



“n
. =Retrospective study of decedents
¢ 59 cases of non-CO exposed asphyxia-related
fatalities
& 100 cases of CO poisoned fatalities
© 62 cases of asphyxia-unrelated fatalities

® =PEA blood levels were analyzed by

. GC/MS

J
>
=

4

7
=

.

>Carboxyhemoglobin (COHb) was
determined by Oximeter.

-~ Significantly Elevated PEA Blood Levels in
Asphyxia Fatalities

PEA ( ug/ml)

Cause of death Age
Blood Urine (yrs)
Asphyxia unrelated 0.4+0.1(45) 0.2+0.1 (12) AhleRs 27
Controls £3.5 <13 17~88
. 31.8% 4.5* (48) 09+0.2(17) 393 +18
= Asphyxalisiated 271250 <64 15-60
[
q 29.2+55* (23) 1.5+1.1(8)
" Strangulation 2.9~104 0.03 ~6.4 37.9% 3.1
L]
- q 342+7.0* (25) 0.3+0.2 (9)
7N Suffocation 27 ~125.0 0.03 ~1.1 40.6+ 2.1
-
Y71}

* Significantly different from controls ( p < 0.005).
Data are presented as mean + SEM
Case number shown in parenthesis.
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“® Resuscitation Reversed the Blood PEA Levels
L3 Decreased in Asphyxia Related Group

Asphyxia unrelated Asphyxia related
Cause of death controls Suffocation & Strangulation
Resuscitation No Yes No Yes
N 45 17 48 11
- PEA
™ (Meant SEM, 0.4+0.1 7.8+£32 31.8£ 30.9* 1.6+£04
©g/mi)
n
E PEA Range <35 <414 27~1250 = 0.1~45
(pg/ml)
AL
AN AN
g * Significantly different from those of resuscitation with oxygen treatment ( p < 0.005).
PEA Blood Levels Elevated in CO Intoxicated
= “® Fatalities
"
COHb N PEA # PEA Range Age Age Range
(rg/mL) (1 g/mL) (yrs) (yrs)
-50% .03 — b 912, -
20-50% 26 450t127 0.03-219.8 43.912. 7 10-75
1-70% 7 .03 -172. 112, -
51-70% 3 s8.a48.6 * 0.03 8 38 5 6-69
-100% .03 — b .32, -
'71 100% 37 38.4i10.2* 0.03-319.8 36.3+2.1 11-61
I Total 1 .03 —319. 40.045. 57
. ota 00 40,0459 * 0.03-319.8 0.0£5.9 6-75
| control 45 04+0.1 <35 41.9+27 17-88
N
— # Data are presented as mean £ SEM
N7 1)

*Significantly different from controls ( p < 0.005) by One-way ANOVA

.= Oxygen Resuscitation Reversed the Elevated PEA
@ Blood Levels in CO Intoxicated Fatalities

Cause of death CO inhalation CO intoxicated & sever burn
Resuscitation No Yes No Yes
(O, inhalation)
N 58 7 30 L,
l-
= PEA 51.7+82 10.1+£7.3 271199 30.1+£26.4
®  (meant SEM,
™ wg/mb)
W Range’ 0.03-319.8  003-527 003-2199 0.03—1353
NI
"‘A“ p-value 0.090 0.911

-
NY/ |

Data analysis by One-way ANOVA
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“®Dijstribution of PEA Blood Levels of CO Inhalation
Fatalities Without Resuscitation

COHb N PEA Range Age Age Range
(wg/ml) (wg/ml) (yr) (yr)
20%-40% 1 10.80 10.80 53.00 53
41%-60% 4 94.0£35.4 0.46 - 162.8 | 39.5%7.1 25-56
- 61%-80% 13 46.2113.9 0.03-172.9 34.4+2.7 22-54
L]
] 81%-100% 4 36.4124.7 0.083-107.4 |44.0£3.3 36-52
-
e Total 22 51.5%11.6 0.03-172.9 |40.0£5.9 22-56
L
Y71
v During COHb ranged 41-60%, PEA levels showed more higher than others.
Symptoms Associated with a Given Concentration of CO
» Over Time
= 1
L
L] PCPgI Time Symptoms
35 8 hours Maximum exposure allowed by OSH_A in the workplace over an eight
hour period.
200 2-3 hours Mild headache, fatigue, nausea and dizziness.
400 1-2 hours Serious headache-other symptﬁzlusrigtensify. Life threatening after 3
. Dizziness, nausea and convulsions. Unconscious within 2 hours.
[FA) 800 45 min Death within 2-3 hours.
-~ ;
m 1600 20 min Headache, dizziness and nausea. Death within 1 hour.
- - 3200 5-10 min Headache, dizziness and nausea. Death within 1 hour.
;—/ N\ -I" 6400 1-2 min Headache, dizziness and nausea. Death within 25-30 minutes.
;: . 12,800 1-3 min Death
LNY/ L
-
http://en.wikipedia.org/wiki/Carbon_monoxide_poisoning
BRiscussion (1)
= > The plasma PEA levels of healthy human and individuals with
Parkinson’s disease were lower than 2 ng/ml.
Biogenic Amines 10:295, 1994; J Am Soc Nephrol 9:1249, 1998;
J Neurol Neurosurg Psychiatry 70:229 ,2001.
“» There are reports indicating patients with respiratory distress related
increased blood pressure and plasma norepinephrine.
Anderson et al, 1996; Baylor et al, 1995; Low et al, 1993;
Prabhakar et al, 1993
= » Borovsky et al (1998) demonstrated that plasma norepinephrine
" increased in rats following asphyxia by CO, , N,.
]
@7 > |t has emphasized that PEA induced amphetamine-like responses
ijx: with a pathological level of sub- micromolar to micromolar far in

excess of the endogenous levels.

J Neurochem 2004, 90:257
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.Discussion (2)

=» Unfortunately, there is no report indicate what mechanism can

s

spontaneous increase the endogenous amine in tissue let to induce
neurotransmitters such as dopamine, norepinephrine release:

The PEA blood levels of asphyxia cases higher than 2.7 12 g/ml that
implies PEA blood level more than 2.7 ¢ g/ml maybe an indicator of
cause of death in asphyxia.

PEA blood levels significantly elevated in three decedents (2.7-
4.5 11 g/ml) who died with interstitial lung disease and chronic
obstruction lung disease which pathological syndrome causes
dyspnea and apnea.( Data not shown)

JBiscussion (3)

-

v

PEA has been referred to promote the efflux of catecholamines from
sympathetic neurons, and deplete the neurotransmitter from storage
vesicles, compete with neurotransmitters for uptake, and stimulate
outward neurotransmitter flux that could result in accumulation a
sympathomimetic effect.

A possibly paradoxical PEA accumulation in blood that may imply a
cascade through a positive feedback loop during agonized-hypoxic
status of asphyxia.

The PEA levels both of CO intoxicated and asphyxia fatalities
showed accumulation in blood ~100 times higher than those of
control but not in urine during hypoxic status and agony of dyspnea,
that situation may through reducing the enzyme activity of MAOB
especially expressed in human platelets.

«mDiscussion (4)

.

L]

~
AL
Y71

> Both of human and rats, enzyme activity of MAOB could be
detected consistently for ~20 hours after death.

Brain 111:1441, 1988, J Neurochem 23:791, 1974.

> The main medical treatment for carbon monoxide poisoning is
breathing 100% oxygen.

> In CO intoxication and asphyxia related cases, resuscitation
with oxygen inhalation decreased blood PEA levels that may
through reactive MAOB activity.

> Blood PEA levels maybe diminished partial due to exposure to
the high temperature caused by blaze.
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Conclusions

> The results demonstrated that PEA significantly
elevated in blood both of CO poisoning and asphyxia
related fatalities, that implies PEA may play a crucial

role of vital reaction in hypoxia.

> Oxygen resuscitation could significantly reduce blood

PEA levels in asphyxia related cases that was
representative of reactive MAOB enzyme activity.

L}
n
> The relationship between PEA blood level and

]
7/‘\'75 duration of hypoxic and agony status need more
\w{“ study to clarify.

& Thank You for Your
attention
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