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ORIGINAL ARTICLE

CORRELATIONS AMONG LEVELS OF CONSCIOUSNESS, DEGREE OF
BRAIN DAMAGE AND NEUROTRANSMITTER ALTERATIONS
IN HEAD INJURY PATIENTS

/;hﬁén Chentanez*, Chutcharin Ungsuparkorn**, Veera Sinpornchai*##%,

Prasert Sarnvivad*** and Tweesak Chanvitayanushit*#*#

*Department of Physiolegy, Faculty of Science, **Department of Nursing
and ***Department of Surgery, Ramathibodi Faculty of Medicine,

Mahidol University, Bangkok, Thailand.

SUMMARY

Data were obtained from head-injury subjects with different
levels of consciousness, mostly male, 25 to 35 years old, and in most cases
2-10 days after head injury. The most common damage was hematoma and con-
cussion of frontal, temporal and parietal lobes of the brain. In general ,
there was a greater degree of brain damage in patients with a lower levels
of consciousness. Subjects in most stages of consciousness showed no
significant change in cerebrospinal fluid (CSF) and plasma noradrenaline
(NA), dopamine (DA), and 5-hydroxytryptamine (5-HT) concentrations from
that of the control except that there was a significant reduction in the
CSF-NA concentration in semicomatose (grade III) subjects. There were
significant decrease in the 24 hr. urine content of NA, DA, and 5-HT in
comatose (grade IV) and some other stages of consciousness from the control
or the alert (grade I) head injury subjects. The decreases in neurotrans-
mitter content in 24 hr urine may be partially caused by general damage of
brain tissue and seem to be parallel to the degree of consciousness and
brain damages,

The measurement of monoamines and their metabolites in cerebro-
spinal fluid (CSF) has been used in determining alterations of the central
monoamine metabolism in patients with certain neurological diseases (1),
The biogenic amines, noradrenaline (NA), dopamine (DA), and 5-hydroxytryp-
tamine (5-HT) are regarded as neurotransmitters in the central nervous
system (2,3), There are changes in the CSF levels of neurotransmitter
metabolites, such as dopaminergic, as well as in the serotoninergic system
in head-injury subjects (4). Ischemia, edema or neuronal destruction from

trauma can increase the release of NA and 5-HT from the brain tissue into
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the CSF (5). There is an increase in the blood brain barrier permeability
in mild cerebral concussion or osmotic stress (6), which could increase
leakage of neurotransmitter into the CSF and plasma. Ischemic condition
releases 5-HT from the brain into the cerebral venous blood and into the
circulation (7). Alteration of the levels of NA and 5-HT has also been
detected in the CSF, plasma and urine, When they are present in abnormal
amounts,.these amines may alter normal cerebral metabolism, produce
cerebral edema and depress neural functions (5,8) and may lead to impairment
of the reticular formation functions and alter the level of consciousness
(9-11), The objective of this study is to study correlations of the CSF,
plasma and urine levels of catecholamines.(NA, DA) and serotonin (5-HT)
with levels of consciousness in the head injury patients. This may give
more understanding about the pathophysiological basis of altered conscious-

ness.

MATERIALS AND METHODS

Subjects in this study were patients who had head injury, with or
without other organ injury, and who were hospitalized in the Ramathibodi
Hospital, Bangkok, Thailand during the period from October 1, 1981 to April
30, 1982, :

This study included twenty-seven subjects. Twenty-three were
males and four were females. The mean age was 29.8 years, the mean admis-
sion period was 9.4 days. Most patients were admitted because of traffic
accidents: twelve were motor cycle drivers, four were pedestrians and the
others were victims of nontraffic accidents. The clinical investigation
showed that these subjects have cerebral concussion, subarachnoid hemorr-
hage, subdural hematoma, epidural hematoma, intracerebral hemorrhage and
cerebral contusion., Most of these subjects had multiple damage of the
brain (see details in table 1), The levels of consciousness of subjects
were graded into ‘4 categories according to a level of consciousness proto-
col adapted from Kintzel (12). A

Grade I (Alert): The subject is aware of himself and his environ-

ment, and follows commands properly.
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Table 1  The patients with grade I-IV consciousness, indicating sex, age, diagnosis and the

post-traumatic day that samples were collected. (F = female, L = left, M = male,R = right),

Grade Case No  Sex Age Post-Traumatic day Diagnusis
I 3 F 46 6 R Frontal parietal subdural hematoma and
laceration at the frontal tip.
553 M 18 21 Contusion at the R frontal lobe.
22 M 18 5 R Epidural hematoma
14 M 18 3 R Temporo-parietal epidural hematoma
with subarachnoid hemorrhage
16 M 22 4 R Temporal epidural hematoma
17 M 31 5 L Subdural hematoma with contusion 2
cms in diameter
Mean 25,5 Tieo
I1 2.1 M 18 3 R Epidural hematoma
532 M 18 19 R Frontal lobé contusion
9,2 M 27 9 Generalized cerebral contusion with
subarachoid hemorrhage
10 M 27 2 Generalized cerebral contusion
11 M 23 4 Generalized cerebral contusion
12 M 55 4 L Temporo-occipital epidural hematoma
13 M 46 9 Generalized cerebral contusion
15 M 60 13 Intracerebral hematoma with R fronto-
temporal cerebral contusion
Mean 34.3 759
II1 1 F 23 51 R Temporo-parietal subdural hematom=
4.1 M 29 2 Generalized cerebral contusion
5.1 M 18 18 R Frontal lobe cerebral contusion
6.2 M 26 12 Generalized cerebral contusion
7.1 M 38 6 R Temporo-parietal epidural hematoma
with subarachnoid hemorrhage
8 M 43 8 L Frontal subdural hematoma
R Frontal subdural hematoma
L Frontal intracerebral hematoma
R Frontal intracerebral hematoma
9 M 27 1 Generalized cerebral contusion with
subarachoid hemorrhage
Mean 29,1 14
v 4,2 M 29 8 Generalized cerebral contusion
6.1 M 26 4 Generalized cerebral contusion
7.2 M 38 8 R Temporo-parietal epidural hematoma
withsubarachnoid hemorrhage
18 F 23 10 Generalized cerebral contusion
generalized brain edema
R Frontal hematoma
L Temporal hematoma
Fracture R Parietal bone
R Frontal lobe laceration with subdural
hematoma
L Frontal subdural hematoma
L Temporal. epidural hematoma
20 M 27 2 Intracerebral hematoma, intraventri-
cular hemorrhage, subdural hematoma
Mean 34.7 6.5
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Grade II(Drowsy): The subject is confused or sleep but arousable
or restless or uncooperative.

Grade III (Semicomatose): The subject responds to deep pain by
-withdrawal or purposeful response to the stimuli,

Grade IV (Comatose): The subject either responds to deep pain by
non-purposeful response as flexor or extensor rigidity of limbs or does not
respond to deep pain stimulation,

The control specimens were obtained from subjects who were under-
going myelogram of vertebral discs.

Specimens, namely CSF and plasma were collected immediately after
grading of the levels of consciousness. The specimens were immediately
chilled in ice and centrifuged for 6 min at 3000 RPM in a clinical centri-
fuge. The supernatant was then frozen at -20°C until assay. The 24 hr
urine was collected on the day that the lumbar puncture was done. The urine
volume was read and then the whole specimen was preserved in 10 ml of 5N
HC1, The 10 ml of urine was centrifuged for 6 min at 3000 RPM and the
supernatant was frozen at -20°'C until assay. Catecholamine contents
in CSF, plasma and urine were extracted and assayed using the combined
techniques of Chang (13), Barchas et al (14) Shellenberger and Gordon
(iS)° The serotonin was extracted and measured using the technique of
Miller and Maickel (16).

The mean values of NA, DA, 5-HT concentration of CSF, plasma, and
their amount in 24 hr urine in each grade of consciousness were compared
using unpaired t-test,

RESULTS

Age, sex and nature of the brain trauma of subjects used have
been summarized in Table 1. Computerized axial tomography scanning was
done for all subjects in order to locate the injury and determine the
degree of brain démage (Table 1), With exceptions in few cases, the degree
of brain damage for alert subjects (grade I) was less than that in subjects
who were drowsy (grade II), who in turn, had suffered less damage than those
in semicoma (grade III) who in turn, had suffered less damage than those in

coma (grade IV),
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The levels of consciousness were used as a basis for grouping of
subjects in the comparisons of neurotransmitter levels in CSF, plasma and
urine. The NA content was reduced in CSF and 24 hr urine in the semicoma-
tose and comatose compared with that in the alert head injury subjects
(Table 2). There was no significant difference in the plasma and CSF-DA
concentration among the control, alert, drowsy, semicomatose, and the coma-
tose subjects. On the other hand, the 24 hr urine DA and NA contents show

a significant decrease in the coma subjects compared with that in the alert.

Table 2 shows no significant difference in the CSF-5-HT concentra-
tion among the various groups of head injury subjects and the control.
There was significant increase in the plasma 5-HT concentration in the
drowsy, the semicomatose and the comatose over that of the alert subjects.
The 24 hr urine 5-HT contents in drowsy, semicomatose and comatose subjects
were significantly lower than that of the control, whereas that in the alert

was not significantly different from that of the control.

DISCUSSION

Concerning diagnosis of patients with different stages of consci-
ousness shown in Table 1, patients with greater degree of brain damage had
lower level of consciousness (higher in the grade number). The locations
of brain damages were most frequent in the orbital surface of the frontal
lobes and in the anterior halves of the temporal lobes, and including
generalized cerebral contusion. These injuries are caused mostly by accele-
ration or deceleration of the brain in relation to the skull at impact of
the head with objects (17).

There are theories on causes of alteration in consciousness after
head injury based on several lines of data. For examples, it has been shown
(9,10,18-20) that stimulating the reticular formation at the rostral brain
stem produced a generalized non-specific activation of the electroencephalo-
gram (EEG) and arousal or alert behaviorally; destruction of the midline
structures of brain aﬂd brain-stem in experimental animals results in a state

of akinesia and hypersomnia resembling coma in man (9). Causes of coma by
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brain injury can be divided into two categories, the immediate and the de-
layed ones (17). The immediate injury is a result of excessive movement of
the brain which thrusts the brain stem against the sharp, unyielding edges
of the tentorium causing a contusion or laceration of the upper brain stem,
The delayed brain injury follows the displacement of the medial portion of
the temporal lobe and its herniation down below the tentorium. This hernia-
tion produces vascular changes, i.e., venous stasis, ischemia and hemorrhage
in the midbrain region which, in turn, induce changes in neurological
status, such as varying degrees of change in muscle power, coordination,
tone and posture, changes in conscious states, disturbance of vital functions,
affecting cranial nerves and their nuclei, Changes in the state of consci-

ousness are related to the damage in the reticular formation (17,21),

There are many reports concerned with studies of neurotransmitter
metabolites in the CSF of head injury paients, However, the resultg have
often been contradictory and there are conflicting interpretations of the
data (4,22,23). The fact that there is brain tissue damage to varying
degrees and at different locations in the brain in every group of subjects
with different levels of consciousness (Table 1) indicates that there
must be degeneration of nerves containing various neurotransmitters, at least
at the nerve terminals, since neurons containing NA, DA, S5-HT and acetylcho-
line distribute widely to almost every part of the brain (2,3,24), However,
among the neurotransmitters measured in the CSF only the NA showed a signi-
ficant reduction in the semicomatose subjects, therefore, the alterations in
its transmission after brain injuries are likely, This seems to agree with
the data of Yates and coworkers (23), which showed that there was no sigini-
ficant change in the concentrations of CSF-MHPG (3-methoxy, 4-hydroxyphenyl-
glycol, the NA metabolite), HVA (Homovanillic acid) and 5-HIAA (5-hydroxyin-
dole acetic acid) in 8 comatose head injury patients who recovered, except
for two patients in whom HVA increased as coma progressed. However, Porta
et al. (22) found that the concentration of ventricular CSF-HVA and 5-HIAA
were elevated a few days after a severe traumatic brain injury. In apother
study (4) no significant change in the lumbar CSF-5-HIAA concentration at

the fifth post traumatic day was found.
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The discrepancy between the data of Porta et al., (22) and that
of Vecht et al., (4) and the data in this report may be due partly to the
length of time elapsed between trauma and the sample collection. In the
report of Porta et al., (22), samples of ventricular CSF were collected
2-3 days after head injury whereas the samples of Vecht et al., (4) were
collected on the 5th post-traumatic day and the samples in this report were
collected between the second and the tenth post-traumatic days. There may
te changes in neurotransmitter metabolism in neurons and changes in brain
neurotransmitter concentrations at different points of time after brain
damage (2,22,25-28). However, the present data showed no significant
reduction in concentrations of CSF-DA, 5-HT, and NA except CSF-NA in semi-
comatose subjects eventhough there may be degenerations of their nerves or
nerve endings. This indicates complex changes; there was no significant
change in the plasma NA, DA and 5-HT concentration while there was decrease
in some of these amine contents in the 24 hr urine of the comatose when
compared to that in alert and drowsy subjects. However, changes in the
levels of the NA, DA and 5-HT that appear in the urine may be the result of
NA, DA and 5-HT changes in both the brain and the blood, therefore it
should reflect some of their functional changes of both or either central
or peripheral system. The fact that the portion of the reticular formation
which controls consciousness may be a different system from those of the
5-HT, DA and NA containing neurons (29,30), leads us to speculate that
changes in CSF, plasma and urine NA, DA and 5-HT may not be directly due to
the degree of damage to the reticular formation and/or to the stages of
consciousness eventhough there was some correlation. Instead, the changes
in neurotransmitter content in 24 hr urine may be partially caused by gene-
ral damage of brain tissue and seem to be parallel to the degree of general

brain damages and consciousness.
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Analeptic Properties of Dioscorine

Boonyong Tantisira, Jongrak Utrarachkij, Pisamai Hokierti, Pongsak Kunluan
and Pavich Tongroach

Department of Physiology, Faculty of Pharmaceutical Science,
Chulalongkorn University, Bangkok, Thailand,

SUMMARY

Analeptic properties of dioscorine (principle alkaloid from Dios-
corea hispida, Dennstedt), bemegride and picrotoxin were compared in mice
and rats. In mice, symptoms produced by intravenous injection of dioscor-
ine, bemegride and picrotoxin were hypokinesia, respiratory stimulation,
hypersensitivity to external stimuli. Following high dose injection,tonic
convulsion, clonic convulsion and death occurred. Dioscorine possessed the
highest respiratory stimulant index among these 3 compounds. All compounds
decreased the sleeping time produced by pentobarbitone, with picrotoxin
being the most potent antagonist, LD50 of pentobarbitone reduced signific-
antly following the administration of these compounds. Further studies of
antagonistic effect of dioscorine hydrobromide, bemegride and picrotoxin
were performed inrats intcxicated with pentobarbitone., Changes in the
depressed patterns of respiratory rate, heart rate, blood pressure and EEG
were observed. The depressed respiration was restored. Heart rate and
blood pressure increased significantly. Flattened EEG was converted to
a wave form EEG.
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A1579f 2 wdavAnpdAvuae  Respiratory stimulant dose (RD) uaz
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ﬁuans%oﬂuﬂaquaﬂuﬂsnluﬂﬁisusuavlﬂsuaﬁitnaﬂunﬁonaaﬂTanﬂﬂﬂﬂaﬂaﬂsﬂLsa 0.1 va./u#
(n = 6)

Conc RD CD Ratio
bst
Salis tances (mg/cc) (mg/kg (mg/kg) CD/RD
Dioscorine base 3 31.4 79.92 2555
Bemegride 1 9.9 20.91 2.11
Picrotoxin 1 8.86 16.14 1.82

3. wanasfnyWSoyifivy  Respiratory stimulant index wavlasadnaiu,
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Average Sleeping

Treatment and Dose time (min)#SE

Pentobarbitone 50 mg/kg + 0.9% NSS 0.25cc (Control) 98 + 12.5
Pentobarbitone 50 mg/kg + DCR base 39 mg/kg 5353 5.94*
Pentobarbitone 50 mg/kg + Bemegride 16 mg/kg [i7h 6.1*
Pentobarbitone 50 mg/kg + Picrotoxin 4.9 mg/keg BOROEEANEEE0 &

* .
finauuanaiveaseiiuahagnivaifiain Control i P< 0.05
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LD50 of Pentobarbitone

mg/kg
animals, function (95% confidence limits)

No. of Slope
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Neurotransmitter Alterations in Schizophrenia

Borpit Klangkalya
Department of Pharmacology, Pramongkutklao College of Medicine, Bangkok .

SUMMARY

It is now established that neurotransmitters play a key role in the
communication among nerve cells. In linking neurotransmitter systems to a
specific psychiatric disorder, for example, schizophrenia, it is necessary
to demonstrate that: 1) a characteristic pattern of alteration in the neurotr-
ansmitter system occurred in relation to the disorder, 2) increasing the
alteration leads to exacerbation of the disease symptoms, and 3) suppressing
the alteration is therapeutically beneficial to the patients, According to
these criteria, the current evidence supporting the involvement of the neuro-
transmitter systems in schizophrenia is reviewed and discussed in this
article, \

Among several neurotransmitters being linked to schizophrenia, dopa-
mine hypothesis has received much attention. The evidence supporting this
hypothesis can be summarized in three categories relevant to the above cri-
teria. 1. There is an increase in dopaminergic activity, either be dopamine
overactivity or dopamine receptor supersensitivity or both, in the brain of
schizophrenic patients; among the confirmed positive findings in post-mortem
neurochemical studies are the increase in dopamine levels in amygdala and the
increase in dopamine receptor (D-2) numbers in caudate nucleus and nucleus
accumbens. 2, Increasing dopaminergic activity, by amphetamine or related
drugs, produces the symptoms indistinguishable from paranoid schizophrenia.

3. The drugs that decrease dopaminergic activity, i.e., dopamine receptor
blocking agents, are effective in relieving the symptoms of schizophrenia,

The norepinephrine (NE) hypothesis also gained lines of evidence
to support that its overactivity may relate to schizophrenia. In addition
to pharmacological studies, post-mortem studies in the brain of chronic
paranoid schizophrenic patients found significant increase in NE levels in
the limbic structures. Increases in NE and its metabolite in CSF of schizo-
phrenic patients were also reported.

In addition to the dopamine and norepinephrine hypothesis, researchers
have demonstrated certain relationships between schizophrenia and number of
neurotransmitters, including serotonin, gamma-aminobutyric acid, and recently,
endorphins. Many of these systems may normally operate interrelatedly with
dopaminergic transmission in a particular brain area. The molecular pathology
of schizophrenia, thus, seems to be the disturbance of these balanced systems,
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Inam3oly  vazuanin Turnover rate w3an1snvuwey DA diuifungaly Yayaila
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a1s9f 1 veayadeaifusyuadnuduiiussznane  Dopamine (DA) fuTsadaian

1. s wasuuday DA act1v1ty Tuauaaﬂaﬂgﬂuuantnn
fl. ﬂnauuauﬁﬁqganlnﬂ fiszivusy DA Tupivdauway  Limbic system Quﬂiﬂ
uﬂu1uﬂuauﬁaﬂnﬂaﬂau 9(14-17)
scavuaw DA Liiu il Amygdala AT (16)
o, ﬁuaﬁﬂaﬁqﬂquanLnﬂﬂu1uﬂquw1ﬂﬁuuav1uLﬂﬂlninnﬁssﬂyﬂnuu Antipsychotics
finhuau DA receptor unnagtaedy q (17-21)
D-2 receptor iiwiulu  Basal ganglia uaz nucleus accumbens (21)

2. msifin DA activity WAgADRVAYNIS LR IN15T0v T5ASA LAN
. n1ﬁUﬁ Amphetamine Tusuiage q wisgfinu~szuzuny  dnflenns indouiy
Qﬂvnannﬂnuuquﬁﬂs w3y 1€an§ﬂ Amphetamlne psychosis (22-24)
2. Amphetamine unﬁﬁaanqnﬁﬂa1ﬂmﬁa \unsnduuaziudy Reuptake w8y
DA (23)
a. Amphetamine wuwaz Levodopa (DA precursor) nhlngae Tsasa waniiannns
tadavw (23,25)

3. na1sam DA activity finalunsananisuevlsalinian
n. ﬂﬁaaaﬂqnﬁﬂﬂﬂnmﬂauUﬂ Antipsychotics fs nsfuden1sduil DA receptor
ﬂautHQHaqﬂuﬂLﬁﬁﬂu

- uﬂuWﬂﬂﬁ%umaqﬂwauf DA Receptor 1naﬂﬂouﬂﬁ,ﬁﬂﬁn1wqu ﬂﬂﬁﬁqn%hﬁﬂ
adlausenan  unudlladnia (9 a-6)

- @uafiufenisasie  Cyclic-AMP Heaspausvasnianszauil DA receptors
(26,2?)

- fnaifluszdy  Metabolites wmpw DA foluauuazdad  uaz iy DA
turnover rate mv 2 tlszpistianatineaan  Feedback mechanism
wivananisfiudvin DA receptors (28,29)

- fuadudvnaniengAnssuuae DA agonist gy Amphetamine, Apomor-
phine, Bromocriptine denlnifin  Stereotype behavior, Circu-
lar movement uazama1nns Amphetamine psychosis (24,30,31)

- qunﬂsﬂaﬁﬂaﬂ Prolactin annsy laguavivnignaruauTauDA (32)

- ﬂﬂawﬁutﬂuuﬂaaﬁnﬂs Parkinsonism e \dafuaniAnsnaniauan DA

‘ luswavdau Basal ganglia (33)

2. v1du q #ian DA activity 1@y Reserpine dvamnnadniiy DA ludans
Uszaam  was Alpha-methyl-p-tyrosine vapnisduiasnzn DA fualu
A15anaIn15 15ASR LAnnaY (7)
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system fi ffuflauife 1iu 1dinaiuaena insnna lden s Tsnda  dayaves Mackay wazAns (17)
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3. msan DA activity #walumsanaamsuavlsninian  nauilezagyla vduil
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Norepinephrine (NE)
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p1579f 2 veayadeativayualnuduiiussznaie  Norepinephrine (NE) nulsadaian

1. fimsfvunay  NE activity 1uauauﬂaoﬂﬂvﬂanlnﬂ
a. NE  luswaw (Limbic areas) uwaz CSF ﬂaogﬂqaaﬂLnnnqunuaﬂﬂﬂiﬂﬂﬁﬁﬁ"ﬂﬂﬁ
fisc muqanaﬂﬂnauua~ CSF maundnﬂamtnﬂnqmauusaﬂquﬂauquauqL12 43,45)
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ﬂannﬂuﬂqnLﬂﬂﬂauaﬂnﬁsﬂaﬂﬂﬁvuau UUﬁﬂﬂlﬂuﬂ?ﬂﬂuq (49)

.
=
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msfiniiy DA Admana NE  @iw 1nuifsanu .
a. flsapviunavevnnsld Propranolol uaz Clonidine SnugaeTsASaan un
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a4, n1sam NE activity i lniinennisusvlsadaian
n. ﬁaﬂﬂﬁsﬁ11ﬂaﬂﬂuﬂaﬂaLﬂﬁﬂuLnnunuTniuwawowuﬁﬁnﬂn1a1ﬂ NE il Forebrain nu
ﬂﬂ?ﬂ%ﬂlﬂﬂ waz Disulfiram deiivfonisdetasnzitoniz NE naly Linanns
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Attentional deficit luau unvzlnaifiwviivennns Dementia Tu Alzheimer's disease
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Serotonin (5-HT) low activity
- 5-HT funpimahdnamduassuguazensun nnsan  5-HT activity diwananis
flu  wazeanisdszannasy
- 5- Hydroxytryptophan (5-HT precursor) duaanainsTlsadaian wAnTsAALN
szau  5-HT uwaz metabolites luniparwfindni
- LSD  dwnhInifineannsuszannvasuy  asngud lasffiuded  S-HT receptor

GABA deficiency
- GABA ifudnsdavdnnnaus andeiudon igaa DA Qﬂ?ﬂQﬁLﬂﬂuﬁ gy Glutamic
acid decarboxylase lupnvdauvpvdusy aan215¢ ﬂﬂ1uﬁﬂﬂﬁﬂﬂﬂﬂﬂ3ﬂau 9
- Baclofen #uiilu GABA agonist finalunissnuTsndaian wanii lya1uIa
flufiu lasnnnnsidasaavnguiu

Endorphins imbalance

- n1sdn Endorphins ludiminmaswnilnifin  Catatonia
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Neurotransmitters in the Central Nervous System

Noppamars Wongwitdecha

Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok.

SUMMARY

Neurotransmitters play a key role in communication among nerve
cells in the CNS. They are involved in the regulation of psychiatric, neu-
rological and neuroendocrine functions. Recent hypotheses suggest that
alteration of the balance between two or more neurotransmitters may underlie
the pathogenesis of various neurological, psychiatric and endocrinological
disorders. At present, the commonly used drug treatments in these illnesses
are specified according to theireffects on neurotransmission. The drug
actions have developed along with the knowledge of synaptic mechanisms.
Rapidly increasing knowledge on the possible roles of the neurotransmitters
and the discovery of several neurotransmitter systems within the brain have
led to the development of important therapeutic agents used in treating
neurological, psychiatric and neuroendocrinological disorders, as well as
to a better understanding of the pharmacology of several older drugs. In-
formation on the distribution and possible functional roles of these neuro-
transmitter systems will be summarized in this article with emphasizing on
acetylcholine, y-aminobutyric acid and the biogenic amines.
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Acetylcholine (ACh) Dopamine (DA)
y -Aminobutyric acid (GABA) Norepinephrine (NE)
y -Hydroxybutyrate (GHB) Epinephrine
Glycine _ Tyramine
Glutamate Octopamine
Histamine Phenylefhylamine
Taurine Phenylethanolamine
Purine ' Dimethoxyphenylethylamine (DMPEA)
ASpRliRte Serotonin (5-hydroxytryptamine)
Enkephalins Melatonin
Q—Endorphin Tryptamine
Substance P Dimethyltryptamine (DMT)
Angiotensin 5-Methoxytryptamine
Somatostatin
Luteinizing hormone releasing ' Corticosteroids
hormone (LHRH) . Estrogens
Thyroid releasing hormone (TRH) Testosterone

Adrenocorticotropic hormone (ACTH)  Thyroid hormone

Sleep factor delta Prostaglandins
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Acetylcholine
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#mlu medulla uwaz pons

a. tgaadszanlu  reticular system, thalamus, hypothalamus, basal
.ganglia uaz retina <a% (gaiseil 2)
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Acetylcholine

Norepinephrine

Epinephrine

Dopamine

5-Hydroxytryptamine
(Serotonin)

.Y —Aminobutyric acid

Glutamic acid
Glycine
Histamine

Substance P,

Anterior horn cells to all voluntary muscles
and to Renshaw cells,

Lateral horn cells to all autonomic ganglia.
Post-ganglionic parasympathetic fibers
Nuclei of cranial nerves III, IV, V, VI, VII,
IX, X: X1 XIS

Septal - hippocampal tract,

Striatal interneurons (caudate nucleus),
Cortical neurons,

Post-ganglionic sympathetic fibers.
Ganglionic interneurons.

Locus coeruleus-limbo-cortical pathway.
Locus coeruleus-cerebellum.

Ventral brain stem-limbo-cortical pathway,
Brain stem-spinal cord.

Adrenal medulla ,

Mammalian central nervous system : generally
widespread but usually in much lower concentra-
tions than norepinephrine,

Nigrostriatal pathway (A9 cells),
Mesocortical pathway (A10 cells).
Mesolimbic pathway (Al10 cells).
Tuberoinfundibular pathway (A12 cells).

Cylinder cells of the chemoreceptor trigger zone.

Retinal interneurons,
Olfactory bulb interneurons.
Superior cervical ganglion interneurons.

Brain stem-spinallcofd
Brain stem-diencephalon-telenephalon,

Cerebellum : Purkinje cells,Golgi cells,
basket cells, stellate cells,

Hippocampal basket cells.

Striatonigral neurons, Pallidonigral neurons.
Neostriatal interneurons,

Cortical interneurons,

Retinal interneurons,

Olfactory bulb interneurons.

Spinal cord interneurons,

Spinal cord

Spinal cord

Hypothalamus, mid brain,

Widespread distribution through central nervous
system and peripheral nervous system; including

substantia nigra and dorsal root ganglion (spi-
nal cord). -
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n. nguigaadszanluszuy  nigrostriatal  launigaayszan Dopamine
Hodauingezayly zona compacta (A9) waw substantia nigra wazuvivaaulu ven-
tral tegmental area (AlQ) dudansisuyszanlufl striatum  (caudate nucleus
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naﬂﬂﬂéulﬁulﬁaéﬂaﬁ ACh @vwiflu interneurones aéTu striatum  Taw igaaUszdam
ACh @1afi synapse aéﬁULﬁaéﬂﬁ:aﬂn vy-Aminobutyric acid (GABA)uaz Substance P
tgaalszann GABA  fuans tduszaameiavunile substantia nigra dednalunisaiuqy
ALY B LaaUsEaIn  Dopamine 8ndinile  s1sviunisIdeiniuunddulugazduuzan teaa
yszam Dopamine luszupiffunymudonisniviunes toaadszainau q Tu striatum L
tgaauszan ACh  Tuandzunfinnsnhviusavszuy extrapyramidal a4 iunaviiaduauga
aavszuy Dopamine waz ACh Tu striatum %qﬁ:uuﬁﬂaaﬁﬁuaﬂﬂgﬂﬁquﬂaTnﬂaﬂﬁdﬁ
doonadscaandu 9 avssfiur3anianiviuey Dopamine Tus zupifanavezduanaIn tinTsa
Parkinsonism afle gilasuewhiinlsndnian (Antipsychotics) dnazifarnisniv sy
aaawiiviiuTsn  Parkinsonism wvilf tilevainumaniliignddutiv Dopamine receptors

uananlsa Parkinsonism uas Dopamine fTuszuy nigrostriatal gefum
uqnaﬁﬁmLﬁaaﬁaﬁﬁuﬂaﬁnﬁﬂﬂﬂﬁ1unﬂiﬁﬁa1uﬂaon5ﬂutﬁa wiaannisfintnilunis indoulnnay
senuUsziandu q 1y Tardive dyskinesia, Huntington's chorea wazchorea au 1

o, némsﬁaﬁiuﬁ:uu mesolimbic waz mesocortical system igaauszain
éau1ndu1aﬂﬂ ventral tegmental nucleus (A10) wazivdIuaIn substantia nigra
dudmsdszanlydiv  limbic system (nucleus accumbens, olfactory tubercle <a4)
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vinlgazni i 1Ane nissa Tendatan  dayandy q naduayuauydgivinesgyTnegs lawa

1 wwhiia TsaSa tan i feuynauiusangnd lasfudunisnheiusas Dopamine
Tawluduiiv  Dopamine receptor whlninsni5alunadviasizuuazans wasuudas
(turnover rate) wav Dopamine divdu  ifleflazueedy receptor NLIMINT BAAITLY
wﬁaaﬁnéﬂ1915€uuﬁw1nﬂﬁ:ﬁUﬂau Homovanillic acid (HVA)  Tuuhludundivas ifini
nafismaniiignadude  Dopamine receptor iy tua waniteiina In Linen15179 LABWNNY
szyy  extrapyramidal i ffaannsaanslsa Parkinsonism
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