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ATRANENENFANT VRIINENRUFIVAIWAITUNT

Yszlomituazinpussnnwn (Marijuana)

Indian hemp plant, Cannabis sativa
- g E .
fuulduaafidvinanuazsanvadde

-misaannnInanda Delta-9-tetrahydrocannabinoid (THC)
] L e = = :
'H‘LI'J"IHJ&J&I%I% resin YiL38N77 harshish

Jdnraifnedugnannmaians dopamine

= 5o o
larnumneanudslominasIny

Cannabis, kD marijuana (Cannabis sativa)
(s,

-i3dsznauuInndn 500 natural compounds

‘7 -iansndu Cannabinoids ati19iiay 85 Tila flunsduiioangni
psychoactive
-m'mannﬂ%zﬁimuﬁ'aﬁ@ﬂﬁa tetrahydrocannabinol (THC) W&z
cannabidiol (CBD)
-#13 THC fiaT3wem psychoactive properties vinlWifiamsawritys

Qe G G G

n.€| . . L= ) ]
-LIUAITURAEDENNTASTEUU endocannabinoid WRIAFIHANIENUAD

appetite, sleep, emotion and movement
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a13UsEnaunan Tetrahydrocannabinol (THC) [aunu@lsu

CB receptors
. CB1
-and CB2

CB1 receptor WU N LANE
hippocampus, cerebellum and basal ganglia

CB2 receptor wuunhwilal BITLUNAANTI
|EU|<DGY1.ES and in the SP|EE'I“I, thmeS, bone marrow, CBZ
and other tissues

. - ok, S as e e
‘L%T'I\'J MIHUFETTIWRIETATUAITLUUAE
2-AG (2-arachidonoylglycerol)
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Concentrations of CB, receptors

Basal Ganglia'
S.,. Gg Cerebral Cortex!'
Higher cognitive function

Hippocampus'

£mory, stress

Spinal Cord'
P a

umenBay e 19D -idresirx comidactorinfometicnhumarn-raceptorinformation

Lo |

e - . . 2 w3 - - 3 .
@771 cannabinoid (CB2) ‘lu‘i:uul‘}uqunu L'baw.ﬂua'mmﬂrya'mmqnﬁ anti-inflammatory 123 cannabi

Brain and Central
Nervous System

Immune System
(thymus)

CB1 Cannabinoid
Receptor

CB2 Cannabinoid

Rerant
necepior

381 -drasinccomidector-informationhuman receptar-information

T-Cells
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winlifuawideniifieniamivauunsly endocannabinoids tagaszaadn1ansunme

LREMIAURHTNTW

. TATUTILNT seizure

. ufiBn339170u (anti-nausea) LEINATIWBLINETATI (appetite improvement) Turilo e
WRUNSAaUELa4FE insulin

. AANEIANNIIA (anxiety) FUATUNTTHAURAL

. @@ chronic pain laglavirl¥iAantida

f ﬂﬂﬂ']'IH‘ENLL‘EGﬂ'W']:é'nLﬂ'ULLﬂ: auto-immune diseases

& w“
n ﬂ«!ﬂ UAEHETINARDDIFITODNANSIINNYDN

* A9 -THC n's:ﬁ’umwafam-s Kappa-opioid agonist, dynorphin, finldifianalnaalaa

(Pugh et al., 1996)

* ariwqmanLiazas A9 -THC anadluda Tiunwias dynorphin (Zimmer et al., 2001)

* HRYad THC Lﬁﬂmnmm‘::@fu cannabinoid CB1 receptor

(Rinaldi-Carmona et al., 1994; Compton et al., 1996; Zimmer et al., 1999; Di Marzo et al., 2000)

o sraumInudaAztEnLd® unamesnvasans THC 1ilaldsutn q

* Mmsfstuazt N TIANE YW Linnnmiyiuaaiuaud sl cannabinoid CB1 receptor u
#3039 (Sim-Selley and Martin, 2002)

* FURGRANYBIMTTZUNAA an 841 legal high” szl I35A 1901953 7M typical urine

drugs-of-abuse screens to detect use

HAZBINITAUNTY

-§1388NONT tetrahydrocannabinol (2 to 4 % - 10 to 14 % THC)
Jotlszan corpus callosum J@37UT cannabinoid receptors luﬂ?mmga

o - - 4
-:dﬂguﬂ'immmﬂ LN REU 4 corpus callosum

-msdasngndszam bifdszinnow

0o o



HATDANTTIANNIE
« ITYnETn DNA, bronchial mucus membranes (Chemical Research in Toxicology, 22, 1181-1188.)
. mil.awﬂi:ﬁiﬂlu“ru‘.qiu AUWUINY peridontal (gum) disease. (February 6, 2008, Journal of the American
Medical Association)
«  mmawilsza1vinlWifa hippocampus and amygdala (parts of the brain that are thought to regulate emation,
memaory, fear and aggression) problems and is toxic to brain tissue. (June 2008, Archives of General
Psychiatry)
. ﬂﬁimwlmjﬂwﬁﬂ hepatiis C ¥inlWifina nns liver fibrosis ;mmfu {January 2008, Clinical
Gastroenterology and Hepatology)
. n"l'.rLE{'Wﬁi'dHﬂﬂum'ﬂﬂ]mn“lwﬁaﬂﬁﬁu mental and physical health, cognitive functioning, ability to drive a motor
vehicle, and pre-and postnatal development among offspring. (Canadian Centre on Substance Abuse, 2008)
© AwITUTLEwW

Afgywidantavineiu

finguimauaznIIuady The Institute For Effective

- ) d Diagnosis And Treatment
-INADINTT withdrawal LA2Ia0Ew

m3lEnn s (Cannabis sativa; Marijuana) Usnglulszifemanivasuysumannais
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VAIAUAILA E a’naanqn‘sﬁmmy a8 Delta-9-tetrahydrocannabinoid (THC) finsle

nymanwuludszindlng lasvilfifaanuiwels ifaenuianadugiiiasand
< . A ' @ &y A 2 oA & o [

NMINAIE3 dopamine T9a19az laninuNasAL nIasIduaauadwe uanvilv

a =3 v A,

Waanuisnalaluszaundany

AA quq/

nymdanuiininssndszlosiuasine  s1sdsznavlunymduinnin 500 iia
d' e = 1 . . = a 1Al a d' ns‘
lasansnldsuanuaulafias1angw cannabinoids i 85 1fia udil 4-5 silaneangnd

@ A

N93aLszaNNaaLAa THC uaz cannabidiol (CBD)

QGI a o v a Ui : v U
THC fignidadadszann vinldifaanuianianaly ndudu arndgienslasns
§ o a4 ' { & . . ' 1Y
guldfidaauaziion uaraangnd Geazruiny (blood brain barrier) luganasld aan
e o . . ' A
gnBILNAL cannabinoid receptors Hadan13AILANAINEY ANABLINGIAT NMIUBL

6
ARRFNIYN

Cannabinoid receptors i 2 3%i@ Aa cannabinoid receptor 1 (CB1) wusnluanaIaIn

: .4 . { o . .
hippocampus, cerebellum Was basal ganglia T uaIwNaTIIRUIBANNIILEZNT
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wdawlnatdudiwlng waz cannabinoid receptor 2 (CB2) wunnnlutfhatdaszuy
niiduriu irulwdaiionn s dewd1sg Manslunszgn WTzasius saangnile
NIluszuulseaInaIwnans (CNS) uazseuulszaInsaunan (peripheral nervous

o & A A cﬁl’ ' v ' ' ~ A
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(Y o o< . { = v o oo X
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AINIZEULATAITLE
o uiansnauld (anti-nausea) L&SUAMNBEINEIMT (appetite improvement)
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® LRUNINOUEHIAE insulin
® AANZAIANNIIA (anxiety) SILEIUNIIUOUARNL
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® Mitragyna speciosa Korth. (Rubiaceae family)
® M. speciosa grows primarily in tropical and subtropical regions of Southeast Asia

and Africa

Alkaloids %
Mitragynine 66
Paynantheine 9
Speciogynine 7

7-Hydroxymitragynine 2

HIC.y  Speciogymine HC.q Soowacllmnu
¥ N

&P,
n,c o

Speciociliatine 1

(Proziateck &val, 2012)



e Qs ﬂ[ =1 1 ]
Gﬂ‘iﬂEI"ILLF-I%EJT'IIIH’INﬂ‘iﬁﬂﬂﬂlﬁ“ﬂ‘]%ﬂ‘i:ﬂﬂﬂ

Fadrsu ATTNAD
gnilszaznsznan wnlsAsIANN1T (2E959)
RN DINWRL ANKIFANT UANDITIITHUTY
T ) LY
gundaaniwian wnie
e o Py
guntaRIgn unia
B
g1l szaMALAs wAlA

Traditional uses

e &

Pain

¥

Diabetes melitus

* Treat oplate (e.g., heroin)

addictions acting as a substitute

for the latter in addiction programs.

Figure 1:

A e - A 3
Pathway of Drug Delivery and its Effect 394929 N9 IN mmamﬁ'qlumwmﬁ EI’HTHO

N

Pharmacokinetics |

Pharmacodynamics

drug dose
ingestion

strorption
distribution (plasma concentration)
metsbolam
earance

drug-receptor binding
post-receptor activation
change in cellular metabolism
drug effects & side effects
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Analgesic and opioid-like effects l

Mitragynine
* Central antinociceptive effects
7-hydroxymitragynine

® has a more potent antinociceptive activity than morphine

(Matsumoto et al.. 1996; Matsumoto et al., 2004)

Gastrointestinal effects J

Mitragynine
*® inhibits contraction of guinea-pig ileum through the opioid receptor.
*® inhibits gastric acid secretion through the stimulation of opioid receptors
in CNS.
Methanolic kratom extract
* antidiarrheal effect

* High does decreased the increment of body weight

(Watanabe et al., 1997, Tsuchiya et al., 2002; Chittrakarn et al., 2008)

Anti-inflammatory J

Mitragynine
* suppressed PGE2 production by inhibiting COX-2 expression in

macrophage cells.
Physiological stimuli mﬁcﬂcm. Injury

Aracl'ldumc acid

/K/

| Protective Proslaglandlns | Inflammatory Prostaglandineg |

oo b

(Utar et al., 2011) Stomach mucosa  Platelet stickiness Pain Fever  Inflammation
eoe

15




[ CNS effects

Mitragynine:
* antagonistic property at 5-HT,, receptor
* antidepressant activity
* sedative effects
* anxiolytic like effects and this could be possibly attributed to the interactions
among opioidergic, GABAergic and dopaminergic systems in brain
MS extract:
* Decreases in food and water intakes

* the long-term administration also significantly suppressed weight gaining.

(Idayu et al., 2011; Kumamsit et al., 2008)

[ Antioxidant & Antimicrobial activity |

Methanolic extract:
* antioxidant activities
* anticancer

* antimicrobial activity against Salmonelia typhi and Bacillus subtilis.

(Parthasarathy 51 al., 2009; Goh at al., 2014)

Skeletal muscle relaxant l

Methanolic extract:
® muscle relaxation
Mitragynine:
® blocked the nerve conduction, amplitude
and duration of compound nerve action

potential.

Votage (mv)

Chittrakarn et al., 2010) g T 2 3 F—
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Diabetes milletus 1

o
glucose Cpo
Co ©
® increases the insulin-stimulated OO ow3

1luUCOSE
glucose transport SEUL, (]ﬁ ;f.;;’i‘,"“i,i'r‘m

1

I

glycogeg i Q%QQ ' R
O AY N
Q' \:\:{\ fatty acic

pyruvate

(Purintrapiban et al., 2011)

Pharmacokinetic studies

Administration/

PK studies C T VdiF s Clearance
dose of MG e i
Janchawee et al. (2007) Oral, 40 mafkg 0.63 pgimlL 1.83h BO.50 L'kg 943 h 16 LMh
de Moraes et al. (2008) Oral, 20 mgfkg 423 68 ng/mL 126k  37.90 Likg 385h 6.35 Lihikg
iv., 1.5 mglkg 2.3 pgimL 1.20h - Z9h 0.29 Lihikg

Parthasarathy et al. (2010)
Qral, 50 mg/kg 0.7 pg/ml 4.5n - 66 h 7 Linikg

Pharmacokinetics

Kratom metabolites

Alkaloids Subjects Phase | metabolites Phase Il metaholites
Mitragynine Rat 7 4 Glucuronides
(Philipp et al., 2009) 1 Sulfate
Human 4 3 Glucuronides
3 Sulfates
[ N )

17



Pharmacokinetics

mitragynine Rats urine

- .
O-demethylation W 9-methyl group methylester hydrolysis TuAWHYA C 16

|

uaz fi 17-methexy group

- 0-DM-MG Phase I 16-COOH-MG
9-0-DM-16-COOH-MG #-0-DM-1E-COOH-MG
9,17-0-BDM-DH-MG oxidation ™o
9-0-DM-17-COOH-DH-MG A '”f\)__ D
| = - = = O Nil h
reduction D\\_-f'[—n H.K_; y
17-COOH-DH-MG b
o~
____________________ HaC []
UGTs conjugation
9-0-DM-G-MG Phase ll SULTs
16-COOH-G-MG conjugation

9-0-DM-16-CO0H-G-MG
9, 17-0-BDM-DH-G-MG

9-0-DM-16-COOH-5-MG

(Philipp et al., 2009)

Pharmacokinetics

mitragynine Human urine

2 ﬂr ] o L]
O-demethylation M 9-methy] group methylester hydrolysis Tudmvia C 16

|

16-COOH-MG

uaz i 17-methoxy group

v

-0-DM-MG

Phase I
17-0-DM-DH-MG HaC
°
17-COOH-DH-MG oxidation WA "R
X
reduction #"H H &: SOCHs
H
o4,
& HC ©
UGTSs conjugation Ph SULTSs conjugation
ase 11

9-0-DM-G-MG G-C-DM-5-MG*

16-COOH-G-MG G-(-DM-16-COOH-5-MG
17-0-DM-DH-G-MG* 9, 17-0-BEDM-DH-5-MG *

(Philipp et al., 2009)

Pharmacokinetics

Enzyme metabolism

Cytochrome P450: CYP3A4, CYP2D6, CYP1A2 uaz CYP2C19

Inhibit CYP3A4 / CYP2D6 IC,, =0.78 pg/mL and 0.636 pg/mL

CYP1A2 IC,, = 39 pg/mL
CYP2C19 (< 50%)

Competitive inhibitor CYP2D6

Non-competitive inhibitor CYP3A4, CYP1A2 liaz CYP2C19

18



Toxicity

* Acute toxicity iHaszal st 21, 2010)
* An oral administration as single dose 100, 500 and 1000 mg/kg of kratom exiract

* Mo mortality was found after 14 days of treatment,

* Mo slgnificant changes on behavior, food and water eonsumption, hematological studies and ergan wealghts.

F Subchronic toxicity (ime atal, 2015
Orally administered with 100, 200 and 500 mglkg of kratom extract for 28 days

Decreased body weight

¥ Chronic toxicity (sawsngeharen stal, 2552)
Mathanolic extract 400, 800 waz 1,600 mgky daily for 6 months

Mo significant symptoms of toxicity in rats

Withdrawal symptoms in human

1. Musculoskeletal system Feel pain over whole body; Muscle/bone/back/joint aches,

cramps/numbness

2. Mood symptoms Anxiety, depressed mood, dysphoria; Moodiness, annoyance,

restlessness, irritability

3. Autonomic nervous system Chills, sneeze, cough, illness/catch cold; Sleepy, yawning,

hyper/hypoactivity watering eyes, runny nose; Sticky mouth, craving to eat kratom

4. Disturbances of behaviors Fatigue, no power to work
and cognitive functions Do not want to do anything

* Long-term use

* Anorexia, weight, and insomnia

{Saingam mt al 2013}

'ﬁ'mq",mﬁa?'w;wﬁ"ﬂrwzvim\ll,m:"i”ﬁw lunsevianszninetd w.a. 2545-2554

8000

7000 —=nisviay —dnizviay

6000 - g AN

5000 - .
4000 - —"

3000 _ D
2000 e

1000 —

o - : : : e —
2545 2546 2547 2548 2549 2550 2551 2552 2553
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nyzview §deinundans Mitragyna speciosa Korth. a%isl,u’m?? Rubiaceae Fa1dua9d
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