Cac chat dan truyén than kinh

PGS.TS Cao Phi Phong

- Bai cuong na-ron, kénh ion, dién thé déng va dién thé nghi, dan truyén
qua xi-nap

- Chdt dan truyén thdn kinh: lich st, dinh nghia va tiéu chudn

- Co ché tdc ddng chdt dan truyén than kinh

- Phan loai cdc chdt dan truyén thdn kinh: phdn loai va cdc chdt dan
truyén than kinh quan trong

- Cdc chadt dan truyén than kinh va bénh ly lién hé

I. Pai cuong
A. Té bao than kinh(nc-ron)

Na-ron: la don vi cau tao co ban cdia hé than kinh. Toan bo hé than kinh ¢cé
khoang 100 ti no-ron(10™) va khodng 100 nghin ti (10**) xi-nap than
kinh(synapse), mdi ng-ron gém cac bé phan sau:

Thén noron(cell body): 1a chd phinh to clia ng-ron chlfa bao tuong, nhan
va cac bao quan: ribosome, thé Nissl, b6 may Golgi, lysosome, cac sac t6, ty
thé, ong vi thé, ta than kinh. Noi nao tap trung nhiéu than no-ron thi té
chic than kinh c6 mau xam (vi du: vo ndo, cac nhan xam dudi vo, chat xam
tly séng...).Than no- ron cé chic nang dinh dudng, c6 thé la naci phat sinh
xung dong than kinh va la nai ti€p nhan xung dong than kinh tur nagi khac
truyén dén ng-ron.



DPuéi gai (dendrites): moi nG-ron thudng c6 nhiéu dudi gai, chia lam nhiéu
nhanh, bo phan chu yéu tiép nhan xung dong than kinh truyén dén naron.

Soi truc (axon): sgi truc va dudi gai tao nén day than kinh va chat trang cla
hé than kinh, méi na-ron chi cé6 mét sgi truc, 1a bd phan duy nhat dan
truyén xung déng than kinh di ra khdi no-ron. Budng kinh cla cac sgi truc
tu 0,5 um dén 22 um. Vo cla sdi truc (axolemme) c6 & tat ca cac sgi truc
c6 myelin va khong myelin. Bao myelin dugc hinh thanh do cac té bao
Schwann, eo Ranvier (Nodes of Ranvier) la khoang tréng cua bao myelin,
khoang cach gilra hai eo Ranvier dai khoang 1,5 - 2 mm. Bao myelin dugc
xem la chat cach dién, con mang tai eo Ranvier lai c6 tinh tham cao déi véi
cac ion, tao diéu kién thuén lgi cho viéc dan truyén hung phén theo sgi truc
dugc nhanh chdng. Phan cudi sgi truc c¢é chia nhanh, cudi méi nhanh cé
ché phinh to ra goi la clc tan cung. Clc tan cung la bé phan cla na- ron
tham gia cau tao mot cau truc dac biét goi la xi- nap (synapse).
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So do cau tao na-ron (nguén: Mescher AL, Junquera’s Basic Histology: Test and Atlas, 12
Edition, the McGraw-Hill Companies)

B. Kénh ion

Su van chuyén qua mang té bao lién quan dén 2 loai protein mang, dé la
kénh va bam. Kénh cho céac ions di qua theo chiéu gradient néng do, van
chuyén thu déng hay khuéch tan cé hé trg. Kénh nay khéng thé ma lién
tuc, thuang xuyén dong va chi ma ra khi cé ligand gan vao (ligand-gated)
hodc cé su thay déi dién thé mang té€ bao (voltage-gated). Nhitng kénh
ligand-gated, vi du thu thé acetylcholine & mang sau xi-nap, dugc mé ra
bdi chat dan truyén than kinh acetylcholine, con nhitng kénh voltage-gated
Natri va Kali thi lai dugc md ra bdi su khur cuc mang té bao. Co6 2 loai kénh
ion, phan theo tac nhan lam ma& céng, dé la:

- Ligand/cAMP/cGMP gated ion channel
- Kénh ion cong dién thé (Voltaged gated ion channel)
Voltage gated: ma hay déng két qua thay doi dién thé mang

- hau hét tim thay doc theo sgi truc va tan cung sgi truc



Ligand gated: m& hay déng két qua gan vdi neurotransmitter.
- Hau hét tim thay & thu trang(dendrites) va than té bao
C. Thu the

Thu thé trung gian mét s6 tac déng quan trong cla té bao qua nhiéu co
ché. Phan loai chinh thu thé chat dan truyén than kinh bao gém:

lonotropic: Ligand-gated ion channels.

Metabotropic: G protein—coupled receptors hoat déng thong qua su gia
thir 2 (second messenger systems) bao gém cyclic adenosine
monophosphate (CAMP) va phosphoinositol cascades

Ca 2 thu thé hoat hda bdi chat dan truyén than kinh chuyén biét. Khi
ionotropic receptor dugc hoat hda, ma céng cho phép ion nhu Na*, K,
hay ClI™ tran vao. Ngugc lai khi metabotropic receptor dugc hoat hoa, mot
loat bién cd trong té€ bao dugc khéi déng(triggered) cd thé két qua md
kénh ion nhung phai lién hé s gia hda hoc thir 2

D. Pién thé dong va dién thé nghi

T€ bao loai dong vat co6 v, 98% K*& trong té bao, Na™ thi ngudc lai. Su
khac biét vé néng do dam bao cho 1 loat qua trinh sinh hoc xay ra, dugc
duy tri b&i bom Na*-K*-ATPase. Tuy nhién, mac du chi c6 2% K" hién dién
ngoai té bao, néng do K ngoai bao nay déng vai tro rat quan trong duy tri
dién thé& nghi clia mang té bao. Su déng va mé& clia nhitng kénh cé céng
ion, binh thudng déng & trong thai nghi, va ma& dap Ung lai v&i nhitng thay
déi dién thé mang, tao ra nhitng gradient dién hoa hoc. Mot xung than
kinh dugc tao ra bai mot song khir cuc/tai cuc ngan ngudi cia mang, ngang
qua té bao than kinh goi la dién thé dong.

Moi thong tin di vao va di ra khoi hé than kinh déu dugc truyén qua no-
ron dudi dang cac xung dong than kinh. Cac xung dong nay truyén di theo



mo&t chiéu nhat dinh nhd chiic ndng dan truyén clia cac xi-nap. Xung déng
than kinh truyén di trong ng-ron theo cg ché dién hoc con & xi-nap theo co
ché hoéa hoc.

Dién thé nghi cia mang no-ron: & trang thai nghi, mat trong va ngoai
mang nd-ron cé su phan boé 3 ion Na+, K+ va Cl- khac nhau (mmol/L):

Trong Ngoai
Na™ 15 150
K~ 150 5,5
Cr 9 125

Do bom Na*va K*con goi la bom sinh dién nam & trén mang té bao, khi
bom hoat dong, 3 ion Na™ dugc dua ra ngoai trong khi chi cé 2 ion K™ di
vao bén trong. Su phan bé khac biét lam mat trong mang no-ron c6 dién
thé thap hoan mat ngoai 70mV va goi la dién thé nghi (-70mV).

Dién thé dong cua mang no'-ron: khi c6 mét kich thich du ngudng tac
déng lén mang na-ron, tai diém kich thich, tinh thdm cia mang déi véi Na
tang lén, lubng Na™ 6 at di vao lam dién thé bén trong mang tang lén cao
han dién thé bén ngoai 35mV va dudc goi la dién thé dong (+35mV). Dién
thé dong vua xuat hién thi lap tdc dugc truyén di trong ng-ron theo cg ché
nhu sau: Khi mét diém trén mang no-ron bi kich thich thi tai dé chuyén
sang dién thé déng (+35mV) trong khi nhitng diém & gan dé van & trong
tinh trang dién thé nghi (-70mV). Vi vay c6 su chénh léch vé dién thé va trg
thanh tac nhan kich thich nhitng diém xung quanh chuyén sang dién thé
déng, tiép tuc kich thich cac diém ké tiép. C& nhu vay, dién thé dong dugc
truyén di khdp no-ron va dugc goi 1a sy dan truyén xung déng than kinh.
Tuy nhién, luéng xung dong than kinh chi truyén dén cac dudi gai.
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mang té bao. Nhiéu kénh duwroc md, tao mot dong dién Ion hon., két qua dién thé
mang tang lén. Sw di vao ion Na*gdy dao nguwoc cuwe mang bao fuong, kénh ion
nharnh chong bi bat hoat. Kénh K* duwoc hoat hoa, dong ion K* ra ngoai, gradient
dién héa trévé trang thai nghi. Sau khi dién thé déng x3dy ra c6 swithay déi 4m tinh
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Ba trang thdi kénh sodium, 1. Trong trang thdi nghi, khéng cé dong ion xdy ra do déng
céng hoat héa. 2. Khi mang té bdo bat dau khur cuc hoat héa md kénh va dong ion xay ra.
3. khi té bao khtr cuc, cong bdt hoat déng va khéng ldu dong ion xdy ra. Chi khi té€ bao hoi
cuc lam kénh sodium trg vé trang thai nght

(Nguon: Frank H. Netter MD: The Netter collection of medical illustrations, Nervous
System, Part 1-Brain, 2" Edition, Volume 7)



E. Dan truyén qua xi-nap

Ciic tdan cung (terminal button): Khi mét ng-ron dudgc kich thich, mét xung
than kinh sé di chuyén thong qua sai truc cho dén clc tan cung. Gilra diém
két thdc cla sgi truc gui tin hiéu va ng-ron nhan tin hiéu, c6 mét khoang
nhd dudc goi la xi-nap. O clc tan cung cla sdi truc( tién xi-nap) co cac
nang nhd chta chat dan truyén than kinh (neurotransmitter). Cac chat dan
truyén than kinh la nhirng chat héa hoc cho phép cac nc-ron gui tin hiéu
qua khe xi-nap t&i nag-ron khac hay cac cg quan dich (hau xi-nap). Mang
hau xi-nap co cac thu thé (receptors). Cac thu thé da dugc cau hinh san, do
d6 chi c6 mét vai chat dan truyén than kinh nhat dinh la khép véi chdng.
Khi mét chat dan truyén than kinh khép véi mét thu thé, mot “théng diép”
c6 thé dugc gui t&i ng-ron nhan (hau xi-nap).

Action potential

Tién xi-nap

Receptor

Chat dén fruvén than kinh binding

Hau xi-nap

= Hau synapse

So do xi-nap than kinh, (nguén: Mescher AL, Junquera’s Basic Histology: Test and Atlas,
12 Edition, the McGraw-Hill Companies)



II. Chat dan truyén than kinh

A. Lich su

Pau thé ki 20, cac nha khoa hoc van cho rang phan I13n su lién lac giita cac
xi-nap trong nao la do dién. Ramony Cajal (1852-1934) khao sat md hoc
phat hién ra gilta cac ng-ron cé mot khe hé rong tir 20 dén 40 nm, ngay
nay goi la khe xi-nap. Su ton tai clia khe h& nay dan dén suy doén rang su
lién lac giita cac xi-nap dién ra la do cac tin hiéu hda hoc dugc truyén qua
khe xi-nap. Nam 1921 nha dugc li hoc ngudi Buc Otto Loewi (1873-1961)
xac nhan rang cac no-ron cé thé lién lac véi nhau bang cach giai phong
cac chat héc hoc. Ngoai ra, Otto Loewi dugc xem la ngudi da phat hién ra
acetylcholine(ACh) chat dan truyén than kinh dau tién

B. Pinh nghia chat dan truyén than kinh

Chéat dan truyén than kinh |a chat héa hoc néi sinh ¢4 nhiém vu dan truyén
cac tin hiéu qua tiép hgp than kinh (xi-nap) dén té bao dich, cac chat dan
truyén dugc chira trong tui, tap trung thanh nhom & dau tan cung cla sgi
truc, ving tién xi-nap. Sy phdng thich cac chat dan truyén than kinh va
khuéch tan qua khe xi-nap gan vao thu thé chuyén biét nam trén mang hau
xi-nap thudng theo sau dién thé dong dugc truyén dén xi-nap va ngay ca
khi khéng co kich thich dién

C. Tiéu chuan chat dan truyén than kinh

M6t chat héa hoc dugc xem 1a mot chat dan truyén than kinh néu ching
thda man cac diéu kién sau:

« Cb cac tién chat hoac/va cac enzym tong hgp cua chat dé trén ving
tién xi-nap

« Chat do cé mat trong thanh phan cua vung tién xi-nap.

« Kich thich than kinh gdy phéng thich chat dan truyén

« Chat d6 c6 mat trong na-ron tién xi-nap véi mot lugng du dé tac
dong Ién na-ron hau xi-nap.



« Co6 cacthu thé cla chat dé nam & vung hau xi-nap.

« CO mobt G ché hda sinh dé lam bat hoat chat do.

« Céac thudc lam giam kich thich than kinh cling lam giam tac déng dan
truyén tuong ty

III. Coché tac dong cha chat dan truyén than kinh

Chat dan truyén than kinh di ti tién xi-nap dén hau xi-nap, thu thé lién két
v@i kénh ion va enzyme, hoat dong trong vai phan nghin day. Tac déng
trén ca receptor tién va hau xi-nap
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Khe xi-nap, thu thé & mang hdu xi-nap, (nguén: Mescher AL, Junquera’s Basic Histology:
Test and Atlas, 12 Edition, the McGraw-Hill Companies)

Chat DTTK ndi két vé&i thu thé mang hau xi-nap c6 thé tao ra tin hiéu dién
kich thich hay Uc ché (EPSP hay IPSP). Tac dong tuy thudc vao ion qua
mang té bao nhiéu hay it va kéo dai bao lau va kénh chon loc (Na*
selective, K" selective hay CI selective)

A. Cac giai doan chia chat dan truyén than kinh
Bay giai doan:

(1) Chdt dan truyén dugc téng hgp tur tién chdt dudi tdc ddng cta enzymes

(2) Bugc chua trong tui



(3) Cdc phdn tir dan truyén than kinh dugc thodt ra tor cdc tii bi phd hiy bdi cdc
enzymes

(4) Dién thé déng lam tdi néng chdy ra & xi-nap va phéng thich dan truyén than kinh

(5) Mt s6 néi két thu thé tu ddng va tic ché phdong thich chdt dan truyén than kinh
tiép theo sau

(6) Phan con lai néi vdi recptor hdu xi-nap

(7) Chdt dan truyén thdn kinh phong thich mat hoat déng ca bdi su tdi hdp thu hay
thodi héa bdi enzyme

M6t vai co ché tdc dong cua thudc
Thudc tac dung dong van
(1) Tdng téng hgp chat dan truyén than kinh( gia tdng tién chat)
(2) Tdng chdt dan truyén than kinh béi phd hiy enzymes thodi héa
(3) Tdng phdng thich chdt dan truyén théan kinh(DTTK) & cuc tdn cung
(4) Két néi thu thé tu déng va chen tdc dung uc ché phéng thich chdt DTTK

(5) Két néi thu thé hdu xi-nap va ca hoat héa hay gia tdng tdc déng cua chdt DTTK



(6) Chen bdt hogt chdt DTTK bdi uc ché tai hdp thu hay thodi héa
C. Thuoc tac dung doi van
(1) Thuéc tic ché téng hop chat DTTK (nhu phd huy téng hop cdc enzymes)
(2) Thudc gay ro ra cdc chdt DTTK tur cdc tui va phd hdy béi cac enzymes thodi bién
(3) Thudc chen phdéng thich chdt DTTK tur cuc tdn cung(terminal buttons)
(4) Thudc hoat hoa cdc autoreceptor va Uc ché phdong thich chat DTTK

(5) Thudc chen thu thé, két néi thu thé hdu xi-nap va chen tdc déng cua chat DTTK

Tac dung déng van Tac dung ddi van
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IV. Phén loai chat dan tuyén than kinh
A. Phan loai theo nhéom

Cé nhiéu cach phan loai chat dan truyén than kinh, phé bién la chia ra lam
cac acide amin, cac peptide va monoamin, cdc nhdm I8n cia chat dan
truyén than kinh:

. Cac acide amin: glutamate, aspartate, D-serin, acide gamma
aminobutyric(GABA), glycin

« Cac monoamin va cac amin c6 nguon goc sinh vat khac(biogenic
amin): dopamin(DA), norepinephrine(NE), epinephrine (adrenalin),
histamin, serotonin (SE, 5-HT)

. Cac peptid: somatostatin, chat P, cac peptid opioid

« Cac chat khac: acetylcholin(ACh), adenosin, anandamid, nitric oxid ...

Ngoai ra, trén 50 peptid c6 hoat tinh than kinh da dugc phat hién, va s6
lugng trén van con tiép tuc tang. Trong dé nhiéu chat dugc giai phdng
déng thai véi mét chat dan truyén phan tir nhd, nhung phén 18n cac
trudng hop peptid méi 1a chat dan truyén chinh tai xi-nap. Beta- endorphin
la mot chat dan truyén than kinh dac trung, né tham gia vao cac phan tng
co tinh dac hiéu cao véi cac thu thé opioid hé than kinh trung uong.

Cac ion don nguyén tu, nhu kém dudc gidi phdng tu xi-nap, doéi khi cling
dugc xem la chat dan truyén than kinh, cling gidng nhu cac phan td khi
nhu nitric oxid (NO), hydro sulfur (H,S), va carbon monoxid (CO). Cac chat
trén khéng phai 1a cac chat dan truyén than kinh do ching dugc giai phong
tu dau tan cung sgi truc, nhung ching khéng dugc déng gdi trong cac tui.

Chéat dan truyén phé bién nhat |3 glutamate, 1a mét chat kich thich tai hon
90% cac xi-nap trong bd nao ngudi. Pung thd hai la GABA, la chat Uc ché
tai hon 90% cac xi-nap khéng dung glutamate lam chat dan truyén. Mac du
cac chat dan truyén khac c6 mat tai cac xi-nép it hon, chiing ¢6 thé co chic
nang rat quan trong. Phan I&n cac thudc co tac dong dén tam than
(psychoactive drug) phat huy tac dung bang cach thay déi cac hoat déng
clia mét vai hé théng cac chat dan truyén than kinh, thudng 1a tac déng



qua cac chat dan truyén khac glutamat va GABA. Céc thudc gay nghién
(additive drug) nhu cocain va amphetamin phat huy tac dung cua chuing
chu yéu lén hé dopamin. Cac thuéc gay nghién ho opiate phat huy tac
dung cua ching tuong tu nhu cac peptid opioid, tic la tham gia diéu hoa
lugng dopamin.
B. Phan loai theo sinh héa
« Cdc chat DTTK phdn tu nho (tac dung nhanh & dap irng cap tinh)
Nhom 1: Acetylcholine (Ach)
Nhom 2: Biogenic amine
+ Catecholamin: epinerphrine, norepinephrine, dopamine
+ Serotonine
+ Histamine
Nhoém 3: Cac chat DTTK Amino acid
+ Gamma-aminobutyric acid(GABA)
+ Glycin
+ Glutamate
+ Aspartate

Nhom 4: Nitrous oxide

« Cac chat DTTK Neuropeptide (tac dung cham & hiéu qua kéo
dai)

+ Cac peptides hoat déng than kinh(neuroactive)

+ Cac peptide tuyén yén



+ Cac peptide tac dong trén rudt va nao
+ Cac peptide than kinh(neuropeptides) tu cac moé khac
C. Phan loai theo sinh ly:

Chat kich thich va chat irc ché: mét chat dan truyén than kinh cé tac dung
truc ti€p duy nhat la kich hoat mét hoac nhiéu loai thu thé. Tac dung nay
lén t€ bao sau xi-nap phan I6n phu thudc vao loai thu thé chiu tac dung.
Cac thu thé quan trong nhat cia mét s chat dan truyén than kinh (nhu
glutamate) chi cé tac dung kich thich, lam tang kha nang lam cho té bao
dich phat ra moét dién thé dong. Cac thu thé quan trong nhat cla cac chat
dan truyén than kinh khac (nhu GABA) chi ¢ tac dung Uc ché (mac du cé
bang chiing cho thay GABA cé tac dung kich thich trong giai doan phat
trién s6m clia ndo). Cac chat dan truyén than kinh khac, nhu acetylcholin,
vUa co thu thé kich thich vira cé thu thé Uc ché; va cd mét s6 loai thu thé
gay ra cac tac déng lén té bao sau xi-nap dé hoat hda cac con dusng
chuyén héa phic tap ma khong rd cé tac dong kich thich hay (e ché. Do
dé, viéc phan loai mét chat dan truyén than kinh 13 kich thich hay (c ché rat
hay dugc sur dung.

e Chat DTTK kich thich
+ Acetylcholine
+ Aspartate
+ Dopamine
+ Histamine
+ Norepinephrine , epinephrine
+ Glutamate

+ Serotonin



Tac dong:
Trén ng-ron: dién thé déong
Trén cao: co co
Trén cac tuyén: bai tiét

Trén hé than kinh trung uong: khir cuc mang hau xi-nap
(depolarization of postsynaptic membrane(EPSP)

e Chdt DTTK iuc ché
+ GABA
+ Glycine
Tdac dong: giam hay chen hoat déng té bao hau xi-nap

Trén hé than kinh trung uong: tang su phan cuc mang hau xi-nap
(hyperpolarization of postsynaptic membrane (IPSP)

D. Cac chat dan truyén than kinh quan trong

Neurotransmitter Derived Site of Synthesis
Molecule From
Acetylcholine Choline CNS, parasympathetic nerves
Serotonin Tryptophan CNS. chromaffin cells of the gut, enteric
S-Hydroxytryptamine (5-HT) cells
GABA Glutamate CNS
Histamine Histidine hypothalamus
Epinephrine Tyrosine adrenal medulla, some CNS cells

synthesis pathway

Norpinephrine Tyrosine CNS, sympathetic nerves
synthesis pathway

Dopamine Tyrosine CNS
synthess pathway

Nitric oxide, NO Arginine CNS, gastrointestinal tract




Acetylcholine:

1. Tong hgp va hap thu
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2. Su phan bo
Hé than kinh trung uong
Hai nhém [6n té bao cholinergic:

(1) Cholinergic neurons & nén nao trudc ( basal forebrain constellation)



Bao gom basal nucleus Meynert, cung cap dén toan b6 neocortex,
amygdale, hippocampus va thalamus. Medial septal nuclei cung cap dén
cerebral cortex, hippocampus va amygdala

(2) Cholinergic neurons & lung bén chdom nao cua cau nao ( dorsolateral
tegmentum of the pons) Phéng chiéu dén basal ganglia, thalamus,
hypothalamus, medullary reticular formation, va deep cerebellar nuclei.

_ Neocortex  comus callosum
Cingulate gyrus '

T

Thalamus

=

2 Dorsolateral pontine
tegmental constellation
of cholinergic neurons

Basal ganglia

! Basal forebrain
constellation of
cholinergic neurons ~
including basal
nucleus of Meynert

&

Hypothalamus ]
Hippocampus

Pons

Medulla

Nguén: Allan Siegel, Hreday N. Sapru: Essential neuroscience, Third Edition, Copyright © 2015 Lippincott
Williams & Wilkins

Hé than kinh ngoai bién

Tat cd somatic motoneurons va preganglionic neurons cla autonomic
nervous system chia acetylcholine:

+ Trong ti€p hgp than kinh cc

+ Hach sympathetic va parasympathetic hé than kinh tu déng



+ Phan huy bdi Acetylcholine esterase (AChE)

+ "Cholinergic” ng-ron cé ChAT enzyme (choline acetyl transferase )
3. Sinh ly va lam sang
Cholinergic neurons d& dorsolateral tegmentum cdu néo:

+ Diéu hoa hoat dong forebrain trong chu ky ngu va thic tinh (cycles of
sleep and wakefulness)

Cholinergic neurons & basal forebrain:
+ Hoc tap va tri nhé (learning and memory), lién quan Alzheimer’s disease

(trong bénh nay neural atrophy, ddc biét cortex va hippocampal formation.
BN memory loss, personality change va dementia. Mdt cholinergic neurons
trong basal nucleus Meynert va Ach trong vé nédo cua bn nay)

Cholinergic neurons & ngoai bién:

+ Tac dung dan mach, Uc ché tim, nhu dong rudt, co déng tl, cc detrusor
bang quang, bai tié€t tuyén mo hoi, tuyén Ié...

Thu thé va duoc ly
Anticholinergics:

« Dung diéu tri r6i loan van déng (benztropine for Parkinsonian symptoms)
nhung cé thé gdy: cognitive impairment. Side effects bao gém
accommodation paresis, drowsiness, dry mouth, difficulty urinating,
constipation, trong truong hgp ndng tachycardia, hypertension,
hyperthermia va delirium. Kiém sodt tién dinh (scopolamine patch: say
song (motion sickness)

Acetylcholinesterase inhibitors:



Diéu tri myasthenia gravis va Alzheimer disease, bao gém: reversible
inhibitors, nhu pyridostigmine va physostigmine, cling nhu irreversible
inhibitors, nhu organophosphates va nerve gas. Cé thé gdy con cholinergic
crisis ddc diém sweating, salivation, bronchial secretions, va miosis, ciing nhu
flaccid paralysis va respiratory failure. Uc ché acetylcholinesterase trong
Alzheimers disease (Basal forebrain dén cortex/hippocampus)

Caudate and putamen
A Ach D oA Normal
(+)

A

N

Patients with PD or
taking antipsychotic
drugs

DA | (<)

®

Substantia nigra

Source: McPhee S), Harmmer GD: Pathophysiology of Disease: An Introduction to
livical Medicine, Sth Edticn: Mip//vev. sccessmadicne. com

(Nguon: McPhee SJ, Hammer GO. Pathophysiology of disease: An Introduction to
Clinical Medicine, 6™ Edition)

Amino acids kich thich: (Excitatory amino acids)
Glutamate,

Téng hop va hap thu

+ Glutamate chat DTTK 75-80% cac xi-nap hé than kinh trung uong

+ Glutamate t6ng hgp trong ndo 2 co ché:



(1) glucose tham thiu vao na-ron va bién dudng theo chu trinh Krebs,
alpha-oxoglutarate dudc tao ra va transaminated bdgi alpha -oxoglutarate
transaminase thanh lap glutamate.

(2) tai hap thu glutamate va glutamin tu glia

+ Hoat déng cudi cung la van chuyén vao na-ron tién xi-nap hay than kinh
dém (astrocytes) thdng qua excitatory amino acid transporters (EAATS)

\ e/ (1)Glucose- ndo-Krebs-
Presynaptic —  Glustamine | |  OXoglutarate transaminase-

termmnal . glutamate

Mitochondrion —— &) Glutaminase
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transporter
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Exocytosis\ — Glutamine (3)
— D Glutamine
© o o o -~ © & synthotase

o
Synaptic Glutamate Glutamate

Postsynaptic cleh Glutamate
receptor and 0OMIC - Ot 1n:¢-><.>.ncr
channel == ﬁ‘n e

postsynar>\ 53

—
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1 i

Nguén: Allan Siegel, Hreday N. Sapru: Essential neuroscience, Third Edition, Copyright © 2015
Lippincott Williams & Wilkins

Phan b
Glutamate phong thich qua khe xi- nap tac déng thu thé AMPA va NMDA,

+ M3 kénh AMPA cho phép su di vao ion Na™ khif cu'c mang té bao va dién
thé qua mang té bao hudng vé duong tinh.



+ Vi khir cyc, phéng thich Mg 2" tir thu thé NMDA cho phép ion Na+ va
Ca 2+ vao trong ndgron sau xi- nap.

+ Dién thé kich thich sau xy nap dugc tao ra (Excitatory postsynaptic
potentials, EPSP)

Presynaptic
nNneuron

Postsynaptic
nNeuron

EPSP

NMDA receptor is Ca** permeable

AMPA Kainate NMIDA

Na+o Na+o a D
o o o

Second-messenger
functions

(Nguon: Frank H. Netter,MD: The Netter collection of medical illustrations, Nervous
System, Part 1-Brain, 2" Edition, Volume 7)

Sinh ly va lam sang
Glutamate chdt dan truyén nhiéu chu trinh trong néo:

+ Amino acids kich thich: hoc tap, tri nhé va van déng



+ Glutamate gay bénh ly tk man tinh: amyotrophic lateral sclerosis [ ALS ]
con goi Lou Gehrig's disease (cd ché chua ro ?).

+ Tac dong kéo dai amino acids kich thich lam tén thuong va chét no-ron,
excitotoxicity trong sinh ly bénh dét quy va bénh ly thoai hdéa than kinh

(Antagonists Glutamate receptor gitp ngung chét no-ron sau dét quy)

+ Glutamate receptor antagonists: trong diéu tri dong kinh (thi duy,
lamotrigine va gabapentin).

+ Memantine: noncompetitive NMDA receptor antagonist phong ngua
excitotoxicity qua Uc ché kéo dai calcium di vao trong té bao, dung trong
diéu tri bénh Alzheimer trung binh dén nang

+ Riluzole: NMDA receptor antagonist kéo dai séng sét trong
amyotrophic lateral sclerosis (ALS).

o |
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. Excitatory | |\ ; :
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Carbamazepine calcium channel \ R\ sodium channel Oxcarbazepine
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channel | | Zonisamide
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Cdc thuéc chéng déng kinh tac dong trén glutamate (Nguén: Frank H. Netter,MD: The
Netter collection of medical illustrations, Nervous System, Part 1-Brain, 2" Edition,
Volume 7)



Amino Acids irc che:

- Gamma Aminobutyric Acid
- Glycine

GABA (Gamma Aminobutyric Acid):
Téng hop va hap thu
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Phan bo

+ GABA tap trung nhiéu trong nao va tiy séng nhung khéng c6 & than
kinh ngoai bién va mé ngoai bién.

+ Khong nhu glutamate, GABA khong la chat bién dudng thiét yéu
(essential metabolite) va khong két hgp protein

+ Chat dan truyén (c ché than kinh chinh trong hé tk trung uang, cung véi
glycine (chat Uc ché tim thay & than nado va tdy séng).

+ Hai loai receptors:

(1) GABA,— sau xi-nap , vi tri chuyén biét, lién két kénh CI

(2) GABAz — autoreceptors tién xi-nap, giam phéng thich dan truyén
qua giam calcium influx, postsynaptic néi vdi G-proteins gia tdng
dong K*

CCAB A ., receptor

Postsynaptic—=<_—

I Presynapt-g\
Caz- | GABAESergic S~
Neuron

> // :
S - LO ==

Cazs —
_/_,."
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Nguén: Frank H. Netter,MD: The Netter collection of medical illustrations, Nervous System,
Part 1-Brain, 2™ Edition, Volume 7)



GABA-A receptor c6 vi tri néi két cho:

Benzodiazepines: tang tan sé ma kénh Cl- channel

Barbiturates: tang thdi gian ma& kénh Cl- channel.

Picrotoxin site (GABA receptor antagonist).

Steroid site.

- GABA.
Metabotropic GABAg receptor
- Thu thé nay la GPCRS (G protein—coupled receptors (GPCRs)

- Phan 18n tién xi-nap, Uc ché phéng thich dan truyén (Largely
presynaptic, inhibit transmitter release)

- Vai tro quan trong trong tuy séng

- Baclofen, agonist tai thu thé nay, gian ca. Antagonist: Phaclofen

( ¢6 2 thu thé: GABA, and GABAg, GABA, receptors la ligand-gated ion
channels (con dugc biét nhu ionotropic receptors); trong khi GABAg receptors
la G protein-coupled receptors, con goi metabotropic receptors)

Sinh ly va lam sang
+ GABA la inhibitory transmitter trong nhiéu chu trinh cta nao.
( thi du, GABA la inhibitory neurotransmitter té bao Purkinje trong tiéu néo).

+ Thay d6i chu trinh GABAergic gay réi loan than kinh va tdm than nhu
Huntington's chorea, Parkinson’s disease , senile dementia, Alzheimer's
disease, va schizophrenia



+ L-glutamic acid-1-decarboxylase (GAD), doi hoéi vitamin B 6 nhu
coenzyme, thi€u vitamin B6 giam téng hap GABA (déng kinh tré em thiéu
vitamin B6)

+ Giam GABA gay cdn dong kinh (GABA-seizures)
+ Chong dong kinh: GABA receptors, GABA agonists
+ Valium gia tang van chuyén GABA tai xi-nap

+ Benzodiazepines va ethanol trigger GABA receptors, dung
benzodiazepines trong khi doc ethanol

Thu thé va dugc ly

+ GABA-ergic agents: dung trong muscle relaxants, sedatives, va
antiepileptics. (Thi duy, tiagabine la GABA reuptake inhibitor, vigabatrin
inhibits GABA-transaminase activity, va topiramate tang GABA receptor
activity).

+ Mat su truyén dong GABA-ergic gép phan khich thich qua mdc va lan
rong xung dong trong déng kinh.

+ Picrotoxin va bicuculline ( GABA receptor blocker) Uc ché chiic nang
GABA, va gay co giat.

+ BDZs va barbiturates gia tdng chiic nang thu thé GABA, va gay chéng
dong kinh.

+ Thuoc chen GABA reuptake va gia tang bién dudng GABA ( GABA-T) tac
dung chéng déng kinh

+ y-hydroxybutyrate (GHB): GABA analog, con dugc biét nhu sodium
oxybate, dung diéu tri narcolepsy v&i cataplexy. lllicit use as “date rape
drug.”



+ GABA receptor antagonists: Flumazenil dung diéu tri benzodiazepine
overdose.

— /] .
R /]
/ LY \ / //GABA Q lnhibitory
— e Valproate presynapic
: neuron
Glia / <o Vigabatrin CABA-Tl
Succinic % Succinic

semialdehyde ~ * // semialdehyde

(di chuyén Zn
dén gia tang uc
ché dong Cl)

\ GABAGy © © @ o _
\ / Zn2+ :.’eveltlracetam
—_— Benzodiazepines isplaces zinc to
Barbituates () : Q< ( ) increase inhibitory
R Cl- current

Postsynaptic neuron —&/ GABA, receptor

1

GLYCINE
+ Glycine ciing la chat Uc ché
+ Hau hét trong tly séng va nd-ron van dong than nao

+ Glycine receptor la ionotropic chloride channel tuong ty GABA,
receptor.

+ Strychnine, competitive antagonist cua glycine, gay mat Uc ché tdy séng
tGi cg van va dap Uing van manh



CATECHOLAMINES : Biogenic amines
Dopamine, epinephrine, norepinephrine,
Phenylalanine...... pheylalanie hydroxylase...... tyrosine
Tyrosine
l tyrosine hydroxylase

L-dopa

l dopa decarboxylase

I Dopamine l

l dopamine PB-hydroxylase

[ Norepinephrine ]

phenylethanolamine-N-methyltransferase
(S-adenosylmethionine)

[ Epinephrine ]

+ Xuat phat amino acid tyrosine — tién chat thong dung

+ Van chuyén lai (reuptake) vao na-ron tién xi-nap, chuyén héa tai ty lap
thé (MAQO), mét sé chuyén hda & hau xi-nap (MAO) va & gan (MAO,COMT)

+ Mono-amine oxidase (MAO) va catechol o-methyltransferase (COMT)
enzyme thoai bién catecholamines

+ Tac nhan chéng lo au (Anti-anxiety agents- MAO-inhibitors)
W
®)(®
DO NOT MIX SYMPATHOMIMETICS WITH MAOI's! —/4
(khéng két hgp thudc IMAO va thudbc gibng giao cam)

Catecholamines trong hé than kinh trung uong



Neurotransmitter Cell Bodies Terminals

Norepmephrme (NE) Locus coeruleus Very widespread: cerebral corfex, thalamus,
Lateral tegmental area cerebellum, bramstem nuclet, spinal cord
Basal forebrain, thalamus, hypothalamus,
brainstem, spinal cord

Epmephrine (EPT) Small, discrete muclel i Thalamus, bramstem, spinal cord
medulla

Dopamine (DA) Substantia nigra (pars Striatum
compacta) Limbic forebrain, cerebral cortex
Ventral tegmental area Median eminence
Arcuate nucleus

Tac dong catecholamines

Cac catecholamine thuc hién cac tac dong kich thich va Gc ché trong hé
than kinh ngoai bién cling nhu hé théng than kinh trung ucng.

+ Tac dong kich thich nhu: tang nhip tim, tang co bop ca tim va kich thich
hoat déng ho hap va tdm than van déng, kich thich da va mang nhay bang
cach cung cap mau qua su gian mach.

+ Tac déng Uc ché trén ca tron & thanh éng tiéu hoa, phé quan phéi ciling
nhu cdc mach mau cung cap mau cho ¢g xuang.

+ Catecholamine lam tang chuyén hoa cla co thé nhu tang muc do ly giai
glycogen va tiét insulin.

+ C6 hai loai gan két chinh cac thu thé catecholamine, dugc dat tén la
alpha- va beta- adrenergic. Cac thu thé adrenergic dugc lién két véi cac
protein G trong bao tuong.

+ Thu thé catecholamines

B — blockers, nhu atenolol, dung diéu tri tang huyét ap va dau nguc
trong thiéu mau ca tim do kich thich doi van (antagonist)
catecholamines trén tim



B2 — receptor agonists nhu salbutamol kich kich thich B - receptor
phéi dugc dung cho gidn phé quan khong kich thich B1 - receptor &
tim.

D2 - receptors (dopamine) antagonist nhu phenothiazines va
haloperidol dugc dung trong diéu nhu thuéc chéng tam than

Dopamine

Tong hop va hap thu
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Phan phoi
Cac con dudng chinh dopaminergic (Major Dopaminergic (DA) pathways)

+ Nigrostriatal (substantia nigra dén striatum)



+ Mesolimbic/mesocortical (ventral tegmental midbrain dén nhan ap ngoai

(nuclus accumbens), hippocampus, and cortex)

+ Tuberoinfundibular(ci phéu): nhan cung dudi déi dén go gilra va thly
trudc tuyén yén (arcuate nucleus of hypothalamus to median eminence
then anterior pituitary)

Frontal
cortex

Cingulate gyrus
Substantia
nigra

—_— Striatum
L
& BN

-
~
~

*,

L \
Y4 -\ N Ventral
: tegmental
Nucleus : argea
accumbens
Pituitary Arcuate Hippocampus

nucleus

Mesocortical Mesolimbic Nigrostriatal

Tuberoindfundibular

(Ngudn: Thieme Atlas of Anatomy: Head, Neck and Neuroanatomy, volume 3, 2™ Edition)
1. Substantia nigra, 2 bén midbrain.

+ Axons clia dopaminergic neurons & substantia nigra (pars compacta)
phdng chiéu Ién corpus striatum (caudate nucleus va putamen).

+ Dopaminergic neurons trong substantia nigra thoai hda chon loc trong
Parkinson’s disease.



2. Ventral tegmental area, vi tri ngay trong substantia nigra pars
compacta. Dopaminergic neurons nay phéng chiéu mesolimbic hay
mesocortical pathway.

+ Trong mesolimbic pathway , axons dopaminergic neurons di Ién
brainstem va forebrain cung cap cho cau truc vién (amygdala, septal area,
and hippocampal formation) va nucleus accumbens (nhan ap ngoai) gan
vao trong ventral striatum.

+ Trong mesocortical pathway , axons dopaminergic neurons di |én trong
median forebrain bundle cung cap dopaminergic innervation dén frontal
va cingulate cortices

3. Hypothalamic arcuate nucleus, vi tri 2 bén nén ndo that ba

+ Dopaminergic neurons & trong nhan cung (arcuate nucleus) phong chiéu
dén go gilra (median eminence) va phong thich dopamine truc ti€p dén
tuan hoan ctra tuyén yén (hypophyseal portal circulation), dén thuy trudc
tuyén yén Uc ché sy phdng thich prolactin (hormone tiét sira)

Corpus callosum Nigro-striatal
i projection
Cingulate gyrus | >

Mesolimbic
Striatum \ / 7 projection

Septal
area

Frontal
cortex —___

Nucieus _
accumbens
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Mesocortical —
projection Amygdala
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2 Ventral
tegmental |
area f

! Substantia
nigra

So do no-ron dopaminerg[c (Nguén: Allan Siegel, Hreday N. Sapru: Essential neuroscience,
Third Edition, Copyright © 2015 Lippincott Williams & Wilkins)



Sinh ly va lam sang

Bao gébm: van déng, tri nhd, su thudng thich thu (pleasurable reward ), hanh
vi va nhdn thuc, tdp trung, uc ché tiét prolactin, ngu, khi sac, hoc tdp

Nigrostriatal

+ Kiém soat van dong ngoai thap

Mesolimbic/mesocortical

+ Cam xUc (emotion)
+ Nhan thic (cognition)

Tuberoinfundibular

+ Prolactin (Uc ché bai tiét prolactin cGia tuyén yén va lién quan hanh vi cta
ngudi me (maternal behavior)

Parkinson’s Disease

Dopaminergic neurons & substantia nigra bi thoai hda, giam phong thich
dopamin dén nhan dudi(caudate) va putamen

Psychotic Disorders.

+ Nhiéu roi loan tam than ngudi I6n nhu schizophrenia, lién quan gia tang
hoat d6ng & synapses dopaminergic.

+ Nhiéu thuoc giam hoat déng synapse dopamine & hé vién ndo trudc
(limbic forebrain) c6 hiéu qua trong diéu tri (e.g., phenothiazines,
thioxanthines, and butyrophenones).

Cocaine Drug Abuse.

Cocaine (local anesthetic drug) Uc ché reuptake dopamine (va
norepinephrine) dén tan cung than kinh.



+ Tac déng cocaine gia ting dopamine trong ndo c6 thé gay hung phan
(euphoria).

+ Co ché nay khéng dap Ung trong gay té tai ché, tac dong clia cocaine
qua trung gian Uc ché kénh dién thé Na (blockade of neuronal voltage-
gated Na channels).

+ Dopaminergic phdng chiéu tU ventral tegmental area dén cau truc
Limbic, ddc biét dén nucleus accumbens, c6 thé lién hé dén cing c6 va hoat
hoa cam xuc (emotional reinforcement and motivation) lién hé cocaine
drug addiction.

Norepinephrine
Tong hgp va hap thu

Budc dau tién téng hgp norepinephrine, budc van chuyén va ton tri trong
tdi cia dopamine

+ Noradrenergic neurons chifa enzyme, Dopamine-hydroxylase (DBH) ,
chuyén dopamine thanh norepinephrine.
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Phan bo
+ Phan I&n noradrenergic neurons & nhan luc (locus ceruleus) cau nao

+ Cac neurons phong chiéu qua central tegmental tract va medial
forebrain bundle t&i thalamus,hypothalamus, limbic forebrain structures
(cingulate va parahippocampal gyri, hippocampal formation va amygdaloid
complex), va cerebral cortex.

+ Nhom ng-ron nay diéu chinh nhiéu chlc nang sinh ly (e.g., sleep and
wakefulness, attention, and feeding behaviors).

Thalamus
Cinguiffte - = -
cortex \ .G T )
AN N =" ) ~\) J
Neocortex S Tectum®
M i o ol j,?!':./f/" \ L Locus N\,
Hypothalamus o570 / 4 Yeeruleus gCerebellar
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cortex

Oifactory bulb

Amygdala and
hippocampus

Spinal cord

So do: locus ceruleus dén vo va dudi vé (Nguén: Thieme Atlas of Anatomy: Head,
Neck and Neuroanatomy, volume 3, 2" Edition)

Sinh ly va lam sang

+ Norepinephrine la chat transmitter trong hau hét postganglionic
sympathetic nerve terminals.

+ Vai tro chua hiéu ré trong hé tk trung uong



+ Norepinephrine dugc cho la ¢6 vai tro trong réi loan tam than nhu “tram

cam”

+ Thuoc diéu tri tram cam (e.g., tricyclic antidepressants nhu
desimipramine) Uc ché reuptake clia norepinephrine & nerve terminals va
gia tang synaptic levels of norepinephrine.

+ Cd ché that sy gia tang norepinephrine trong hé tk tu tac déng chong
tram cam chua ro

Réi loan bién dudng phenylalanine (Phenylketonuria (PKU): genetic,
autosomal recessive disorder (1:20,000 births)

Bénh phenylceton niéu (phenylketonuria - PKU) la réi loan di truyén gay
mat chlc nang chuyén hda phenylalanin. Ngudi bi bénh nay phai kiém soat
lugng phenylalanin trong thitc dn dugc dua vao dé ngan ngura sy tich tu
phenylceton trong co thé

Phenylketonuria (PKU)

Dietary Tetrahydrobiopterin - Dihydrobiopterin i
T . . Protein Synthesis
Tissue / Phenylalamne > TYWSlﬂe =>=>=> | (atecholamines
o . Thyroxine
Protein Phenylalanine Pt
hydroxylase

Phenylpyruvate

[ Phenyllactate | [ Phenylacetate |




So do6 co ché tdc dong cua thudc trén noradrenergic no-ron

= ' = Tyrosine AMPT inhibits tyrosine hydroxylase
eserpine inhibits fyrosme |——=—"""_| and norepinephrine synthesis
VMAT and depletes hydroxylase Presynaptic terminal
norepinephrine stores LV Norepneghrine.  MHPG
Huo i
Norepinephrine . 1
: s antidepressants
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Postsynaptic target

Chéng trdm cdm vong: uc ché na-ron tién xi-nap tai hdp thu cdc amin néo
tu khe xi-nap, monoamin & khe xi-nap tdng lén, tdng khi sdc

-The vesicular monoamine transporter (VMAT) is a transport protein integrated into the membrane of
synaptic vesicles of presynaptic neurons.

- Alpha-methyl-p-tyrosine (AMPT) is a tyrosine hydroxylase enzyme inhibitor. Alpha-methyl-p-tyrosine
(AMPT) is a non-endogenous drug involved in the catecholamine biosynthetic pathway

-3-Methoxy-4-hydroxyphenylglycol (MHPG, MOPEG) is a metabolite of norepinephrine degradation. In
the brain, it is the principal norepinephrine metabolite

Epinephrine
Tong hgp va hap thu

+ Budc dau tién: téng hgp va tén tri norepinephrine trong tdi cla
adrenergic neuron



+ Norepinephrine chira trong tui ro ra ngoai cytoplasm va dugc chuyén doi
thanh epinephrine bdi enzyme phenylethanolamine- N-
methyltransferase (PNMT) .
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Phan bé
Hai nhém adrenergic cells da dugc xac dinh trong hanh tuy:

+ C 1 neurons - rostral ventrolateral medulla,

+ C 2 neurons - solitary nucleus and tract (nucleus tractus solitarius).
Sinh ly va lam sang

Chlc nang adrenergic neurons trong hé than kinh trung uang chua dugc
thiét lap ro



Serotonin (5-hydroxytryptamine, [5-HT])

Téng hop va hap thu
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Serotonin (5-hydroxytryptamine; 5-HT) khéng qua dudc hang rao mdu ndo,

t€ bdo ndo phdi tong hap. Tryptophan tu dn uéng cung cdp nhu nén méng

cho téng hgp serotonin. Tryptophan tu huyét thanh hdp thu cha déng vao
trong ndo va hydroxylated bdi tryptophan hydroxylase thanh lap 5-
hydroxytryptophan, tuc khdc decarboxylated béi aromatic L-amino acid
decarboxylase tgo thanh serotonin.
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Phan b

+ Téng hgp tu tryptophan, Serotonin hay 5-hydroxytryptamine (5-HT: 5-
HT1, 5-HT2),

+ Chat DTTK tang khi sac (Mood elevator, “feel-good” neurotransmitter, SSRI'-
selective serotonin reuptake inhibitors la anti-depressant

+ Serotonin-cotaining neurons dugc xac dinh trong nhan raphe dudng
gilra cia medulla, pons, va upper brainstem.

+ Caudal raphe nuclei (i.e,medullary raphe nuclei) phong chiéu dén tay
sOng va than nado

+ Rostral nuclei & cau nao (i.e., raphe pontis, raphe centralis, con goi
“median raphe nucleus”) va ndo gilta (dorsal raphe nucleus) phéng chiéu
td&i thalamus, limbic system va cortex.

+ Su phong chiéu tir nhan raphe tan cung siing sau diéu hoa phong thich
enkephalins, (c ché cam giac dau

(Serotonin & ngoai bién: 98% trong mdu va co tron, trong hé thdn kinh trung uong: nhan
Raphe, dudi déi)

Neocortex
Corpus callosum
]
¥

Cingulate gyrus Thalamus

Amygdala — -~ } . ," K; - D

%j&\ " “Cerebellum

D
SO U5 Medulla
Raphe nuclemé/

Hippocampus Pons



Nguén: Allan Siegel, Hreday N. Sapru: Essential neuroscience, Third Edition, Copyright © 2015
Lippincott Williams & Wilkins

Sinh ly va lam sang

+ Serotonin-containing cells trong vung raphe cua than nao gir vai tro
kiém soat dau (descending pain-control systems).

+ Serotonin-containing neurons khac cé vai tro trong xdc déng (mediating
affective processes), nhu hanh vi tdn cong va thic tinh (aggressive behavior
and arousal).

+ Serotonin téng hgp trong tuyén tung (pineal gland) tién chat téng hop
melatonin , neurohormone lién hé diéu hoa ki€u ngu (regulating sleep
patterns).

+ Serotonin cé vai tro quan trong trong tram cam. Selective serotonin
reuptake inhibitors hay serotonin-specific reuptake inhibitors ( SSRIs ) dugc
dung trong diéu tri tram cam, réi loan lo au va mot vai réi loan nhan cach
(depression, anxiety disorders, and some personality disorders).

(Cdc thuéc nay Uc ché reuptake cua serotonin vdo trong presynaptic terminal va gia tdang
extracellular serotonin cé thé néi két postsynaptic receptor. Thi du, fluoxetine (Prozac)
selectively blocks reuptake of serotonin, serotonin tdng trong néo, cé thé ich lgi trong trdm cdm
qua gia tdng vdn chuyén dén 5-HT 1A receptors.

Sumatriptan (Imitrex) la 5-HT 1D receptor agonist. Tdc dung co mach trong néo, dung
trong diéu tri dau dau migraine)

Thu thé va dugc ly

+ Serotonergic agents: dung trong depression va migraine. C6 thé dan dén
hoat dong qua muc serotonergic (serotonin syndrome) de doa mang séng.

+ Lam sang bao gom thay daéi y thirc, hoat déng than kinh ty déng qua
muc va réi loan van dong, khé phan biét v&i neuroleptic malignant
syndrome



Chtic néng serotonin kiém sodt khi sac con ngudi, vai tro quan trong trong

gidc ngu

TJoo Much Serotonin

7

N

7 Cardiac valve pathology

Serotonin syndrome
fever, tremor, coma,
selizures, death

Gl anssurcance

Sexual Sysfunction

Depression

-

Bulimia= chirng hau an

Not Enough Serotonin

Thuéc tac déng trén no-ron serotonergic

Diéu tri trdm cam c6 thé bao gom: tricyclic anti-depressants, uc ché reuptake cd

noradrenaline va seretonine vdo trong té bao nGo(SNRI) hay antidepressants khdc

nhu fluoxetine (prozac) uc ché chon loc serotonin reuptake(SSRI), uc ché

monoamine oxidase A chuyén déi serotonin thanh inactive aldehyde va

norepinephrine reuptake inhibitors (NRIs)

Serotonine, Dopamine (DA) va catecholamine khdc nhu Noradrealine (NA) dugc

coi la c6 vai tro quan trong trong bénh sinh cdc réi logn tram cam.

Thuoéc chéng tram cam
1.MAOI (Monoamino oxydase inhibitor):

MAOI ¢ dién (1952).

C6 4 logi dang dugc dung phé bién & My hién nay la:
- Selegiline

- Tranylcypromine (Parnate)

- Phenelzine (Nardil)

-Marplan

MAOQIs mai:



Brofaromine (Consonar); moclobemide (Aurorix) la logi thuéc Uc ché c6 héi phuc
(reversible inhibitor) men monoaminooxidase(MAQ)

2. Thuéc chéng tram cam 3 vong (Tricyclic Antidepressant) (1957).

- ém diu, giai lo au: Amitriptiline, Elavil, Laroxyl, Triptizol..

- tdc dung hoat hod, kich thich manh: Melipramin, Imipramin, Nortriptiline, Tofranil.

- trung gian (Anafranil) Uc ché tai hdp thu chon loc serotonin, cdu truc hod hoc lai gibng
CTC 3 vong .

3. Loai khéng 3 vong, khéng IMAO.

+ SSRI (Selective serotonin reuptake inhibitor)

SSRIs dugc Food and Drug Administration (FDA) phé chudn diéu tri tram cam bao gém:

- Citalopram (Celexa)

- Escitalopram (Lexapro)

- Fluoxetine (Prozac)

- Paroxetine (Paxil, Pexeva)

- Sertraline (Zoloft)
(Paxil CR la SSRI phéng thich thuéc kiém sodt trong ngdy hay tudn vdi liéu duy nhdt. SSRIs
cting cé thé dung diéu tri cdc réi loan khdc hon tram cam nhu réi loan lo Gu. SSRI la logi
thuéc chéng tram cam mdi (1984), bat dau su dung réng réi trén thé gidi).
+ SNRI (Serotonin and norepinephrine reuptake inhibitors):

SNRIs la thuéc anh hudng lam lang diu triéu chung tram cam, SNRI déi khi ciing dung
diéu tri lo Gu hay dau than kinh. The Food and Drug Administration (FDA) phé chudn cdc
SNRIs diéu tri tram cam:

- Duloxetine (Cymbalta)
- Venlafaxine (Effexor XR)

- Desvenlafaxine (Pristiq)



Phan loai thuéc chéng tram cam

Serotonin Selective Reuptake Inhibitors(SSRIs)
Serotonin Norepinephrine Reuptake Inhibitors(SNRIs)

Norepinephrine and Dopamine Reuptake
Inhibitors(NDRIs)

Selective Norepinephrine Reuptake Inhibitors(NRIs)

Alpha 2 Antagonists as serotonin and norepinephrine
Disinhibitors(SNDIs)

Serotonin Antagonist/Reuptake Inhibitors(SARIs)
Serotonin Partial Agonist Reuptake Inhibitor (SPARI)
Tricyclic Antidepressants(TCA)

Monoamine Oxidase Inhibitors(MAOI)

Tdc dung thuéc trén no-ron serotoninergic

PCPA inhibits tryptophan hydrolase

and serotonin synthesis
Tryptophan
Tryptophan

Reserpine inhibits
VMAT and depletes hygiroxylase
serotonin stores ‘ Presynaptic terminal
o A Antimigraine triptans
o 0 5 are 5HT,, agonists
/Scrotonln : 1D agon
SSRI and SNRI ‘ . |
antidepressants inhibit 2 Som\‘
the serotonin transporter \ transportes . - MAOI antidepressants

drugs inhibit 5HT,,

Many antipsychotic DA | 1 '\JV inhibit MAO,

receptors B PR R i =" Buspirone is a
. WK @ partial agonist at
; Mz |© SHTa SHT 07 5HT, 5 receptors
Na** : Q|®
Q’m 1P, DAG, Ca?* 07 Channels
Odansetron is a |~ \\ l ./
5HT, antagonist Coliular responses Postsynaptic cell

- p-chlorophenylalanine (PCPA): inhibitor tryptophan hydroxylase (TPH), It has been used
experimentally to treat carcinoid syndrome

- The vesicular monoamine transporter (VMAT) is a transport protei integrated into the
membrane of synaptic vesicles of presynaptic neurons

Ondansetron, marketed under the brand name Zofran, is a medication used to prevent nausea
and vomiting caused by cancer chemotherapy, radiation therapy, or surgery



HISTAMINE
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Phan bé

+ Histamine-containing neurons tap trung cao nhat & median
eminence(mo gilra) va vung premammillary (trudc vi) clia hypothalamus.

+ Cac no-ron dugdc phdng chiéu téi tat ca cac vung trong nao va tay séng
Histamine va Histamine Receptors

+ Histamine la phan tir nho xuat phat tu decarboxylation cia amino acid
histidine. Bugc pha huy bdi enzyme diamine oxidase

+ Histamine dugc tdng hgp trong tat ca cac mo, dac biét phong phu & da,
phdi va dudng tiéu hda. Mast cells hién dién trong nhiéu mo, nguén chd
luc histamine, nhung cling dugc san xuat tir cac té€ bao mién dich khac

+ Histamine dudc cdng nhan nhu neurotransmitter trong hé than kinh
trung uong chi trong 15 nam qua


http://arbl.cvmbs.colostate.edu/hbooks/molecules/aminoacids.html

+ No-ron histaminergic bai ti€t histamine khu trd vung nhé & dudi doi va
cho sgi truc dén nhiéu vung cla nao. Histamine diéu hoa mot sé qua trinh
quan trong & ndo nhu:

- su thuc tinh (wakefulness),
- kha nang nhan thic (cognitive ability)

H1 - receptors antagonists: diphenhydramine dung trong diéu tri dap Ung
di ¥tng (allergic responses)

H2 — receptors antagonists : ranitidine hay cimtidine diéu tri peptic ulcers.
H2 — receptor inhibitors khong anh hudng allergy.

Re.'r:;p":“r Major Tissue Locations Major Biologic Effects
Hq smooth muscle, endothelial cells acute allergic responses
Hz gastric parietal cells secretion of gastric acid
H; central nervous system modulating neurotransmission
Hy mast cells, eosinophils, T cells, dentritic cells regulating immune responses

Histamine trong hé thong tién dinh
+ Chat DTTK anh hudng tién dinh con hiéu biét rat it?

+ Histamine (H1-H3) tim thay nhiéu ngi trong cau truc tién dinh trung
uang (anh hudng khdng histamines trong diéu chinh triéu chiing chéng mdt
budén nén (motion sickness) (Takeda et al, 1989).

+ Ca 2 thu thé histamine H1 va H2: dap Ung tién dinh (Serdfin et al, 1992).
+ Thu thé H3 la thu thé tu déng (autoreceptor) va anh hudng H1 va H2.

+ Thu thé H4 anh hudng naron tién dinh ngoai bién (primary vestibular
neurons)



Khang histamine

+ Cdc khdng histamine chu yéu H1 receptor antagonist nhung ciing cé tdc
dung anticholinergic, tac dung ca trung uong va ngoai bién.

+ Cdc khdng histamine khéng qua hang rao mdu ndo, ich lgi trong diéu tri
chong mat ?

+ Tdc dung an thdn do anticholinergic (meclizine)

+ Antihistamine gdy uc ché hé than kinh trung uong

Neuroactive Peptides
(Cdc peptides than kinh)

Trén 100 peptide dugc xac dinh trong than kinh la nhirng
neurotransmitters, tuy nhién chi 2 nhém chiic ndng dugc hiéu ré moét vai
chlc nang:

Opioid Peptides

Co6 3 nhdm opioid ndi sinh quen thudc (endogenous opioid peptide families)
- endorphins,
- enkephalins,
- dynorphins

Tachykinins: Substance P

- Substance P dudc xem nhu dai dién ctia tachykinins .
- Chat nay la undecapeptide (gém 11 amino acids).

- TU hach ré sau phéng chiéu téi substantia gelatinosa cla tly séng thi
c6 nhiéu no-ron chira chat P (substance P-containing neuro



Gaseous Neurotransmitters
(Chat dan truyén than kinh thé khi)

+ Day la nhom mdi neurotransmitters.

+ Nitric oxide (NO) va carbon monoxide (CO) la 2 thanh vién quan trong
cUa gaseous neurotransmitters ..

IV Chat dan truyén than kinh va bénh ly

Nhiéu cac chat DTTK quan trong cé lién quan tGi cac réi loan tam than,
bao gobm dopamine, serotonin, norepinephrine, va gamma-aminobutyric
acid ( GABA). Serotonin va dopamin lién hé tram cam, hung cam (mania), va
tdm than phan liét (schizophrenia). Norepinephrine 13 chat dan truyén than
kinh lién quan t&i cac trang thai bon chon, kich thich cao do cé thé gay ra
ching réi loan lo au (anxiety disorders) va cac tinh trang lién quan téi cang
thang khac. GABA can trd cac xung than kinh chay khap ndo bd va c6 lién
quan tdi roi loan lo au.

Cac ly thuyét trudc day lién hé cac chat dan truyén than kinh véi cac réi
loan tdm than cho rang, mot vai réi loan dugc gay ra bdi hoac la qua nhiéu,
hoac la qué it mot s6 chat DTTK (vi du: hung cam lién quan t&i qua nhiéu
norepinephrine, réi loan lo au thi lai c6 qua it GABA).

+ Biogenic amine theory of depression

(hoc thuyét vé trdm cam cua biogenic amine)

Thudc chong tram cdm uc ché tdi hdp thu 5HT hay NE
+ Dopaminergic theory of schizophrenia

(hoc thuyét tam than phan liét):

Thuéc dau tién diéu tri tdm thdn tdc dung déi vdn thy thé D2



Chlorpromazine

was the first \poniet

= Both amphetamine and
effective = i ey m gt
neur‘olep*ic term—-! symptoms of schizophrenia

drug

Phenothiazines
block dopamine D2
receptor

Amphetamine:
Kich thich phong thich &
re ché reuptake dopamin

+ Dopaminergic involvement in Parkinson'’s disease

(Bénh Parkinson lién quan dopaminergic)

- Triéu chuing giéng Parkinson do tac dung phu chen thu thé DA vdi thuéc

chéng tam than)

- MPTP, nhiém déc thdn kinh, phd hiy no-ron DA gdy bénh Parkinson

So d6 cdc chat dan truyén thén kinh va bénh lién quan

NEUROTRANSMITTER DISEASE

Acetylcholine = Alzheimer’s

Dopamine - Parkinson’s disease
= Schizophrenia

GABA - Epilepsy
Serotonin = Migraines
- ADD

= Depression

Glutamate = Migraine
= stroke



Dopamine Serotonin
Deficit Deficit

OCD-like
Symptoms
- obsessive thoughts

- compulsive behaviors

Parkinson-like
Symptoms

- slow reaction time
- anergia

Depression

&
Anhedonia Craving Impulsivity
- ‘pleasure_ center” - suicide/aggression
dysfunction - susceptibility to

“cue triggers”

- decreased synaptic DA - decreased synaptic S-HT
- altered DA transporter function - decreased 5-HT cell activity
- postsynaptic receptor changes - decreased synaptic DA

Anhedonia= mat khodi cam, Craving=su them mudn, Depression=trdm cam

Impulsivity= hap tdp, béc dong, Susceptibility= nhagy cam

Norepinephrine: su hoat déng, tinh tdo, tdp trung, khi sdc, nhén thirc, su béc déng, hoi
hop, kich thich, cha y



Serotonin: tri nhG, dm anh, cuéng buc, khi sdc, nhdn thire, tinh duc, them dn, gay han, su
béc déng, hoi hdp, kich thich

Dopamine: chu y, thich thd, thuédng, thic ddy, nghi luc, , khi sac, nhén thirc, tinh duc,
them dn, gdy hdn

Dopamine Norepinephrine
& Histamine & Acetylicholine
CoDTIONn Attention ce.oiShance .
Work Memory Compuision™ Transition Obsession™
Clarity Sedation™ Recall Memory Doubt™
Motivation Apathy— Perseverance Hesiation—~

Appetite Intuition

Deficits
“Distraction

Serotonin
& Glutamate
(sPerc‘egt_:iq_n /

Mmpairmment

~Fatigue

Learning Memory Parancia”
Pleasure & Pain /nsensibility”™
Relaxation Anxiety—

Dopamine & Histamine: nhdn thuc, them dn

Norepinephrine & Acetylcholine: canh gidc, cha y, kha ndng vé truc gidc

Serotonin & glutamate: su' nhdn biét

Thiéu hut: sao ldang, suy yéu, mét moi

Nghién clu hoat ddng cua cac chat dan truyén than kinh trong ndo bé cho uéng cac
loai thu6c gay kich thich thu thé cac chat dan truyén than kinh, con dugc goi la
agonist(tac dung déng van). Vi du mét serotonin agonist, la mét loai thuéc gitp kich
thich cac thu thé serotonin dé san sinh ra nhiing hiéu Uing tuong tu nhu serotonin tu

nhién. Ngudc lai, mét antagonist (tac dung déi van) co tac dung Uc ché cac hoat déng
cua no.
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