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This study aims to investigate the acetylcholinesterase inhibitory activity and antioxidant effects of the 

Suksaiyad herbal remedy, as well as develop methods for analyzing delta-9-tetrahydrocannabinol (ɲ9-THC) and 
cannabidiol (CBD) in the Suksaiyad remedy, that includes cannabis leaves, using liquid chromatography-mass 
spectrometry techniques. The method development results showed a linear concentration range of 0.005·20 µg/ml 
with R > 0.9999. The limit of quantitation (LOQ) for ɲ9-THC and CBD was 0.9706 and 0.3973 ng/ml, respectively, 
using an injection volume of 0.1 µl. The accuracy of the instrument and method, reported as average % recovery, 
ranged from 98.98% to 103.72%. The precision, reported as % RSD, ranged from 0.59% to 2.09% for intra-day and 
from 1.09% to 2.06% for inter-day. No interference from other components in the Suksaiyad remedy was found. The 
extraction of the Suksaiyad remedy from seven sources yielded crude extract amounts ranging from 3.12% to 
33.89%. Analysis of ɲ9-THC and CBD content in 30 grams of crude extract containing 4.61 grams (15.38%) of 
cannabis leaves showed CBD content ranging from 0.00002% to 0.01541% and ɲ9-THC content ranging from 
0.00231% to 0.14218%, which does not exceed the legal limit of 0.2%. The acetylcholinesterase inhibitory activity of 
the Suksaiyad remedy dichloromethane extract, tested using Ellman's method, showed an IC50 value of 1.34 mg/ml. 
The antioxidant activity, tested using the DPPH scavenging assay, showed that the dichloromethane and ethanol 
extracts had antioxidant effects, with IC50 values of 153.93 µg/ml and 16.76 µg/ml, respectively. The molecular 
docking study of the interactions between key compounds in the Suksaiyad formula and acetylcholinesterase enzyme 
(PDB: 7E3H) using AutoDock Vina software indicated that piperine and dehydropipernonaline, which follows Lipinski's 
rule of five and crosses the blood-brain barrier, had the best binding energy at -10.5 kcal/mol. This was followed by 
ɲ9-THC and piperdardine with binding energies of -10.3 kcal/mol, and N-trans-coumaroyltyramine with a binding 
energy of -10.2 kcal/mol. These compounds showed Pi-Pi stacking interactions with amino acids at positions TRP 
86A, TRP 286A, and TYR 341A, similar to the binding site of Donepezil, a drug used to treat Alzheimer's disease, 
which had a binding energy of -11.7 kcal/mol. Therefore, the key compounds in the Suksaiyad formula have potential 
for development as drugs for treating Alzheimer's disease.  

 
Keyword : Alzheimer³s disease, Acetylcholinesterase inhibitory, Antioxidant activity, Molecular docking, Suksaiyad 
remedy, Quality control, LC-MS/MS 
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ÛØØöć Ɨ 

ÛØÚČó 

áúâõìæòÈ 
 ÖČóäòÛãóéùÃăëãóéÚ° âöÃ­îÛ¬ÈĂË­ĂÚÂóäÛääÿØóîóÂóäÚîÚăâ¬ìæòÛ ÿÜĆÚÖČóäòÛãóîãú¬ĂÚÅòâáöä°                              
ÙóÖùßäñÚóäóãÔ° ĀæñÜòÉÉùÛòÚăÕ­äòÛÂóääòÛäîÈĂì­ÿÜĆÚäóãÂóäãóÉóÂëâùÚăßäĂÚÛòÎËöãóìæòÂ
Āì¬ÈËóÖõ ÜäñÂîÛÕ­èã ÂóäÛúä 1 ë¬èÚ  ĂÛëñÿÕó 2 ë¬èÚ ìòëÅùÔÿØé 3 ë¬èÚ ëâùæĀè­È 4 ë¬èÚ  
ÿØöãÚÕČó 5 ë¬èÚ āÂÑÂäñÕúÂ 6 ë¬èÚ æúÂÉòÚØÚ° 7 ë¬èÚ ÕîÂÛùÚÚóÅ 8 ë¬èÚ ßäõÂăØã 9 ë¬èÚ ÃõÈĀì­È  
10 ë¬èÚ ÕöÜæö 11 ë¬èÚ ĂÛÂòÎËó 12 ë¬èÚ ("äóËÂõÉÉóÚùÿÛÂêó," 2565, 18 ÂùâáóßòÚÙ°) Öóâ
ÜäñÂóéäóËÂõÉÉóÚùÿÛÂêó ÿæ¬â 138 ÖîÚßõÿéê 30 È æÈèòÚØöć 8 ÂùâáóßòÚÙ° 2564 ÜäñÂóé
ÅÔñÂääâÂóäÅèÛÅùâãóÿëßÖõÕĂì­āØê ÿäøćîÈ ìæòÂÿÂÔÒ°ĀæñèõÙöÂóäĂÚÂóäÖäèÉèõÿÅäóñì°ÿßøćîìó

ÜäõâóÔëóäÿÖÖäóăïāÕäĀÅÚÚóÛõÚîæ (Tetrahydrocannabinol, ɲ9-THC) ëóäĀÅÚÚóÛõăÕîîæ 
(Cannabidiol, CBD) ìäøîëóäÜäñÂîÛîøćÚĂÚÂòÎËÈ (Hemp) ĀæñÖäèÉèõÿÅäóñì°ÖČóäòÛãóØöćâö 

ÂòÎËÈÜäùÈÝëâîãú¬ ß.é. 2564 ÂČóìÚÕĂì­âöÂóäÖäèÉèõÿÅäóñì°ÿßøćîìóÜäõâóÔ ɲ9-THC, CBD ìäøî
ëóäÜäñÂîÛîøćÚĂÚÂòÎËÈ (Hemp) āÕãĂË­ÿÅäøćîÈâøîìäøîèõÙöØÕëîÛØöćâöÅèóâÿìâóñëâè¬ó×úÂÖ­îÈ 
Āâ¬ÚãČó ÿËøćî×øîăÕ­ Ì÷ćÈÖäèÉāÕãĂË­ÿÅäøćîÈâøîĂË­ìæòÂÂóäāÅäâóāÖÂäóàö ("äóËÂõÉÉóÚùÿÛÂêó," 2564, 
8 ÂùâáóßòÚÙ°) âöäóãÈóÚèõÉòãßÛè¬óëóäëÂòÕĂÛÂòÎËóâöåØÙõċĂÚÂóäãòÛãòĈÈÿîÚăÌâ°îÿÌØõæāÅæõÚÿîë

ÿØîÿäë (acetylcholinesterase, AChE) āÕãâöÅ¬ó ICƛƖ îãú¬Øöć 30 mg/ml (Erukainure, Matsabisa, 
Salau, Āæñ Islam, 2020) Ì÷ćÈÖČóäòÛÚöĈâöÂòÎËó 12 ĂÚ 78 ë¬èÚ ìäøîä­îãæñ 15.38 É÷ÈÿÜĆÚÖòèãóìæòÂ 

äîÈæÈâó Åøî ßäõÂăØã âöÅ¬ó ICƛƖ ÿØ¬óÂòÛ 25.46 mg/ml (Tappayuthpijarn, Sattaponpan, 

Sakpakdeecharoen, Āæñ Ittharat, 2012) ÕöÜæö ICƛƖ ÿØ¬óÂòÛ 51.60 mg/ml (Tappayuthpijarn 

ĀæñÅÚîøćÚ ą, 2012) ĀæñÃõÈĀì­È ICƛƖ âóÂÂè¬ó ƙƖƖ mg/ml (Tappayuthpijarn ĀæñÅÚîøćÚ ą, 
2012) ëóäëÂòÕÉóÂæúÂÉòÚØÚ° ĀæñÃõÈĀì­ÈØöćÿÜĆÚë¬èÚÜäñÂîÛÃîÈÖČóäòÛãóéùÃăëãóéÚ° âöåØÙõċ 

Ö­óÚîÚùâúæîõëäñāÕãâöÅ¬ó ICƛƖ îãú¬Øöć 48.2 ± 1.5 mg/ml (S, R, Phornchirasilp, Temsiririrkkul, 

Āæñ N, 2015) Āæñ 52.5 ± 3.3 mg/ml (S ĀæñÅÚîøćÚ ą, ƘƖƗƛ) ÖóâæČóÕòÛ 
 ÿîÚăÌâ° AChE âöìÚ­óØöćĂÚÂóäØČóæóã acetylcholine Õ­èãÜÐõÂõäõãó hydrolysis āÕã
ÿîÚăÌâ°ËÚõÕÚöĈëóâóä×ßÛăÕ­ØòćèăÜØöćÛäõÿèÔäîãÖ¬îÜäñëóØ (synaptic gap) ÃîÈäñÛÛÜäñëóØ 
ÂóäØöćä¬óÈÂóãÃóÕ acetylcholine îóÉØČóĂì­ÿÂõÕîóÂóäìäøîāäÅÖ¬óÈ ą Ã÷ĈÚăÕ­ ÿË¬Ú āäÅÂæ­óâÿÚøĈîî¬îÚ
ĀäÈ (myasthenia gravis) āäÅÖ­îÂäñÉÂ (glaucoma) āäÅëâîÈÿëøćîâÉóÂæõèèöć ÛîÕöĈ (lewy body 
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dementia) Āæñ āäÅîòæăÌÿâîä° (Alzheimer³s disease) ÿÜĆÚÖ­Ú (ÖäöØõßã° äòÖÚèäËòã, 2564) 
ĂÚÜòÉÉùÛòÚâöãóĂÚÂæù¬â acetylcholinesterase inhibitors (AChEI) Øöćëóâóä×ãòÛãòĈÈ ÂóäØČóÈóÚ
ÃîÈÿîÚăÌâ° AChE ÿË¬Ú donepezil, rivastigmine Āæñ galantamine ÿÜĆÚÖ­Ú (ÖäöØõßã° äòÖÚèäËòã, 

ƘƛƜƚ) ÉóÂÂóäé÷ÂêóÂóäÉòÛÂòÚäñìè¬óÈāâÿæÂùæÃîÈëóä ɲ9-THC Āæñ CBD ØöćßÛĂÚÂòÎËó  
ÂòÛÿîÚăÌâ° AChE ÿÜäöãÛÿØöãÛÂòÛãó Donepezil ßÛè¬ó ÉóÂÝæāâÿæÂùæóä°ÕîÂÂõÈ âöÅ¬ó binding 

affinity ëóä ɲ9-THC ÿØ¬óÂòÛ -9.3 Kcal/mol, ëóä CBD ÿØ¬óÂòÛ -7.5 Kcal/mol Āæñãó Donepezil 

Ø¬óÂòÛ -8.3 Kcal/mol ÖóâæČóÕòÛ Ì÷ćÈÂóäé÷ÂêóÚöĈßÛè¬óëóä ɲ9-THC Āæñ CBD  
ØöćßÛĂÚÂòÎËóâöÅèóâÚ¬óëÚĂÉØöćÉñÚČóâóé÷ÂêóĀæñßòÓÚóĂÚÂóääòÂêóāäÅîòæăÌÿâîä°ăÕ­ĂÚîÚóÅÖ 
(Furqan ĀæñÅÚîøćÚ ą, 2020) 
 ÜòÉÉùÛòÚÖČóäòÛãóéùÃăëãóéÚ° ãòÈăâ¬âöÂóäßòÓÚóèõÙöÂóäëÂòÕëóä ÂóäèõÿÅäóñì°ÿßøćîÅèÛÅùâ

ÜäõâóÔ ɲ9-THC Āæñ CBD āÕãĂË­ÿÅäøćîÈâøîìäøîèõÙöØÕëîÛØöćâöÅèóâÿìâóñëâè¬ó×úÂÖ­îÈ Āâ¬ÚãČó 
ÿËøćî×øîăÕ­ Ýú­èõÉòãÉ÷ÈëÚĂÉØöćÉñßòÓÚóÂóäÖäèÉèõÿÅäóñì°āÕãĂË­ÿÅäøćîÈâøîæõÅèõÕāÅäâóāØÂäóàö-Āâëë°
ëÿÜÂāØäÿâÖäö (liquid chromatography-mass spectrometry, LC-MS-MS) ĂÚëóäëÂòÕÉóÂ
ÖČóäòÛãóéùÃăëãóéÚ° ÚîÂÉóÂÚöĈØóÈÝú­èõÉòããòÈëÚĂÉé÷ÂêóåØÙõċÂóäãòÛãòĈÈÿîÚăÌâ° AChE åØÙõċÖ­óÚ
îÚùâúæîõëäñÃîÈëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° ÿßøćîÿÜĆÚĀÚèØóÈĂÚÂóäÚČóÖČóäòÛãóéùÃăëãóéÚ°  
âóÜ­îÈÂòÚäòÂêóāäÅîòæăÌÿâîä° 

Åèóââù¬ÈìâóãÃîÈÈóÚèõÉòã 
1. ÿßøćîé÷ÂêóåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE ÉóÂëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° 
2. ÿßøćîé÷ÂêóåØÙõċÖ­óÚîÚùâúæîõëäñÉóÂëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ°  
3. ÿßøćîßòÓÚóèõÙöÂóäëÂòÕĀæñÂóäÅèÛÅùâÅùÔáóßÕ­èãÿØÅÚõÅæõÅèõÕāÅäâóāØÂäóàö-Āâëë°

ëÿÜÂāØäÿâÖäö 
4. ÿßøćîé÷ÂêóÂóäÉòÛÂòÚäñìè¬óÈāâÿæÂùæÃîÈëóäëČóÅòÎĂÚÖČóäòÛãóéùÃăëãóéÚ°ÂòÛÿîÚăÌâ° 

AChE Õ­èãÿØÅÚõÅ molecular docking 
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ÜòÉÉòãìäøîÖòèĀÜäØöćé÷Âêó 
1. ÂóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° 
ÖòèĀÜäÖ­Ú: èõÙöÂóäëÂòÕëóä  

ÖòèĀÜäÖóâ: ÜäõâóÔ ɲ9-THC Āæñ CBD 
ÖòèĀÜäÅèÛÅùâ:  ÜäõâóÔÝÈãóéùÃăëãóéÚ°ØöćĂË­ĂÚÂóäëÂòÕ 
   ÜäõâóÔÖòèØČóæñæóãØöćĂË­ĂÚÂóäëÂòÕ 
   ËÚõÕÃîÈÖòèØČóæñæóãØöćĂË­ĂÚÂóäëÂòÕ 
2. ÂóäØÕëîÛåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE 
ÖòèĀÜäÖ­Ú: ÅèóâÿÃ­âÃ­ÚÃîÈëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° 
ÖòèĀÜäÖóâ: ä­îãæñÂóäãòÛãòĈÈÿîÚăÌâ° AChE (%inhibition) ÅèóâÿÃ­âÃ­ÚÃîÈëóäëÂòÕÖČóäòÛ
ãóéùÃăëãóéÚ°ØöćâöåØÙõċãòÛãòĈÈÿîÚăÌâ° acetylcholinesterase ăÕ­ä­îãæñ 50 (IC50) 
ÖòèĀÜäÅèÛÅùâ:  ÅèóâÿÃ­âÃ­ÚÃîÈ TRIS/HCl buffer 
   pH ÃîÈ TRIS/HCl 
   ÅèóâÿÃ­âÃ­ÚÃîÈÿîÚăÌâ° AChE 
   ÅèóâÿÃ­âÃ­ÚÃîÈ DTNB 
   îùÔìáúâõØöćĂË­ĂÚÂóäØČóÜÐõÂõäõãó äñãñÿèæóØöćĂË­ĂÚÂóØČóÜÐõÂõäõãó 
3. ÂóäØÕëîÛåØÙõċÖ­óÚîÚùâúæîõëäñ 
ÖòèĀÜäÖ­Ú: ÅèóâÿÃ­âÃ­ÚÃîÈëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° 
ÖòèĀÜäÖóâ: % radical scavenging 
ÅèóâÿÃ­âÃ­ÚÃîÈëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° 
ØöćâöåØÙõċÖ­óÚîÚùâúæîõëäñăÕ­ä­îãæñ 50 (IC50) 
ÖòèĀÜäÅèÛÅùâ:  ÅèóâÿÃ­âÃ­ÚÃîÈ DPPH îùÔìáúâõØöćĂË­ĂÚÂóäØČóÜÐõÂõäõãó äñãñÿèæóØöćĂË­ĂÚÂóäØČó
ÜÐõÂõäõãó 
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ÂäîÛĀÚèÅõÕÈóÚèõÉòã 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. ÂóäëÂòÕ ɲ9-THC, CBD ÉóÂÖČóäòÛãóéùÃăëãóéÚ° 

ÖòèĀÜäÅèÛÅùâ 
Ɨ. ÜäõâóÔÖòèØČóæñæóãØöćĂË­ĂÚÂóäëÂòÕ 
Ƙ. ËÚõÕÃîÈÖòèØČóæñæóãØöćĂË­ĂÚÂóäëÂòÕ 

ÖòèĀÜäÖ­Ú 
èõÙöÂóäëÂòÕëóä 

 

ÖòèĀÜäÖóâ 

ÜäõâóÔëóä ɲ9-THC 
CBD 

2. é÷ÂêóÂóäÉòÛÂòÚäñìè¬óÈāâÿæÂùæ                       
ÃîÈëóäëČóÅòÎĂÚÖČóäòÛãóéùÃăëãóéÚ°           

ÂòÛÿîÚăÌâ° AChE  
Õ­èãÿØÅÚõÅ molecular docking 

3. ÅèÛÅùâÅùÔáóßĀæñßòÓÚóèõÙöèõÿÅäóñì°ìóÜäõâóÔ
ëóäëČóÅòÎĂÚÖČóäòÛãóéùÃăëãóéÚ°āÕãÿØÅÚõÅ LC-MS/MS 

 

ÖòèĀÜäÖ­Ú 
ÅèóâÿÃ­âÃ­ÚÃîÈëóäëÂòÕ 

 

ÖòèĀÜäÖóâ 
- %inhibition 

- IC50 

ÖòèĀÜäÅèÛÅùâ 
- ÅèóâÿÃ­âÃ­ÚÃîÈ TRIS/HCl buffer 

- pH ÃîÈ TRIS/HCl 
- ÅèóâÿÃ­âÃ­ÚÃîÈÿîÚăÌâ° 
acetylcholinesterase 

- ÅèóâÿÃ­âÃ­ÚÃîÈ DTNB 
- îùÔìáúâõØöćĂË­ĂÚÂóäØČóÜÐõÂõäõãó 
- äñãñÿèæóØöćĂË­ĂÚÂóäØČóÜÐõÂõäõãó 

 

ÖòèĀÜäÖ­Ú 
ÅèóâÿÃ­âÃ­ÚÃîÈëóäĽĔńħ 
 

ÖòèĀÜäÖóâ 
-% inhibition 

-IC50 

ÖòèĀÜäÅèÛÅùâ 
- ÅèóâÿÃ­âÃ­ÚÃîÈ DPPH 

- îùÔìáúâõØöćĂË­ĂÚÂóäØČóÜÐõÂõäõãó 
- äñãñÿèæóØöćĂË­ĂÚÂóäØČóÜÐõÂõäõãó 

4. ÂóäØÕëîÛåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE 
 

5. ÂóäØÕëîÛåØÙõċÖ­óÚîÚùâúæîõëäñ 
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ÃîÛÿÃÖÂóäèõÉòã 
 ÂóäèõÉòãÅäòĈÈÚöĈÿÜĆÚÂóäØÕëîÛåØÙõċĂÚÂóäãòÛãòĈÈÿîÚăÌâ° AChE åØÙõċÖ­óÚîÚùâúæîõëäñ 
ĂÚÖČóäòÛãóéùÃăëãóéÚ° ÂóäÅèÛÅùâÅùÔáóßÖČóäòÛãóéùÃăëãóéÚ° Öóâ The Association  
of Official Analytical Chemists (AOAC) 2012 é÷ÂêóĀæñÿÜäöãÛÿØöãÛÜäõâóÔëóäëČóÅòÎÃîÈßøË
ëâùÚăßäÉóÂĀìæ¬ÈÖ¬óÈ ą äèâØòĈÈ Āæñé÷ÂêóÂóäÉòÛÂòÚäñìè¬óÈëóäëČóÅòÎĂÚÖČóäòÛãóéùÃăëãóéÚ° 
ÂòÛÿîÚăÌâ° acetylcholinesterase Õ­èãÿØÅÚõÅ molecular docking 

ëââÖõÑóÚÃîÈÈóÚèõÉòã 
 1. ëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ°âöåØÙõċĂÚÂóäãòÛãòĈÈÿîÚăÌâ° AChE  ĀæñåØÙõċÖ­óÚîÚùâúæîõëäñ 
 2. èõÙöèõÿÅäóñì°ØöćßòÓÚóÃ÷ĈÚâóëóâóä×ìóÜäõâóÔëóäëČóÅòÎĂÚëóäëÂòÕëâùÚăßä                      
ăÕ­×úÂÖ­îÈ Āâ¬ÚãČó ÖóâÿÂÔÒ°âóÖäÑóÚÃîÈ The Association of Official Analytical Chemists 
(AOAC) 2012 
 



 

ÛØØöć Ƙ 

ØÛØèÚèääÔÂääâ 

2.1 áóèñëâîÈÿëøćîâ (dementia) 
 ÉóÂÃ­îâúæÜäñËóÂäÃîÈÜäñÿØéăØã ß.é. 2564 ÉČóÚèÚÜäñËóÂäĂÚÜäñÿØéăØã                   
îãú¬Øöć 66,171,439 æ­óÚÅÚ ÿÜĆÚÝú­Øöćâöîóãù 60 ÜöÃ÷ĈÚăÜ 7,432,385 ÅÚ ìäøî ÅõÕÿÜĆÚä­îãæñ 11.23 
ÃîÈÜäñËóÂäØòĈÈìâÕ ĀëÕÈ×÷È ÜäñÿØéăØãÂ­óèÿÃ­óëú¬ëòÈÅâÝú­ëúÈîóãùĀæ­è (ëČóÚòÂÈóÚë×õÖõĀì¬ÈËóÖõ, 
2564) ÜòÉÉùÛòÚāäÅØöćâöëóÿìÖùÉóÂÂóäÿëøćîâÃîÈä¬óÈÂóãâöîùÛòÖõÂóäÔ°ØöćâóÂÃ÷ĈÚ ÿÚøćîÈÉóÂË¬èÈËöèõÖ
ÃîÈÜäñËóÂäâöÅèóâãøÚãóè Ýú­ëúÈîóãùÉ÷ÈâöÉČóÚèÚâóÂÃ÷ĈÚÕ­èã ØČóĂì­āäÅØöćÿÂöćãèÃ­îÈÂòÛÅèóâÿëøćîâ
ÃîÈä¬óÈÂóã   âöāîÂóëßÛâóÂÃ÷ĈÚ ăÕ­ĀÂ¬ āäÅìæîÕÿæøîÕ āäÅÂäñÕúÂ āäÅăÃÃ­î āäÅÿÚøĈîÈîÂ äèâØòĈÈ
āäÅëâîÈÿëøćîâ Ì÷ćÈâöîùÛòÖõÂóäÔ°ÿßõćââóÂÃ÷ĈÚ ÿâøćîÂæ¬óè×÷ÈāäÅëâîÈÿëøćîâ ìäøî dementia  
 áóèñëâîÈÿëøćîâ (dementia) ÿÜĆÚÅČóāÕãäèâëČóìäòÛÂæù¬âîóÂóäÿÊßóñÃîÈáóèñëâîÈ
ÿëøćîâØöćâòÂÉñßÛÜòÎìóÿäøćîÈÅèóâÉČó ÂóäĂË­áóêó ÂóäĀÂ­ÜòÎìó ĀæñØòÂêñÂóäÅõÕîøćÚ ą áóèñ
ëâîÈÿëøćîââöìæóãËÚõÕ āÕãĀÛ¬ÈÖóâëóÿìÖùÃîÈÂóäÿÂõÕ ăÕ­ĀÂ¬ āäÅîòæăÌÿâîä° (Alzheimer³s 
disease ìäøî AD) āäÅìæîÕÿæøîÕëâîÈ (cerebrovascular disease) āäÅëâîÈÿëøćîâÉóÂæõèÛîÕöĈ 
(Lew body dementia) āäÅëâîÈë¬èÚìÚ­óÿëøćîâ (frontotemporal dementia) ĀæñāäÅßóä°ÂõÚëòÚ 
(Pakinson³s disease) ëČóìäòÛāäÅîòæăÌÿâîä°ÉòÕÿÜĆÚîóÂóäëâîÈÿëøćîâØöćßÛâóÂØöćëùÕ āÕãÅõÕÿÜĆÚ 
50-75% ÃîÈÂóäÿÂõÕëâîÈÿëøćîâØòĈÈìâÕ (èöÔó ÉõäòÉÊäõãóÂúæ ĀæñÅÚîøćÚ ą, 2561) ßÛè¬óËÚõÕ 
ÃîÈāäÅëâîÈÿëøćîâØöćßÛâóÂØöćëùÕ Åøî āäÅîòæăÌÿâîä° ëóÿìÖùÃîÈāäÅë¬èÚìÚ÷ćÈÿÂöćãèÃ­îÈ 
ÂòÛßòÚÙùÂääâĀÖ¬ë¬èÚĂìÎ¬ ÿÜĆÚÂóäÿëøćîâÃîÈëâîÈÖóâîóãùÃòã ìäøîÉóÂîõØÙõßæÃîÈëõćÈĀèÕæ­îâØČó
Ăì­âöÂóäÖóãÃîÈÿÌææ°ÜäñëóØ cholinergic ĂÚÛäõÿèÔëâîÈë¬èÚìÚ­ó (basal forebrain) Ì÷ćÈë¬È 
axon âóØöć cerebral cortex Āæñ hippocampus ØČóĂì­ÂóäØČóÈóÚÃîÈÿÌææ°ÜäñëóØÛäõÿèÔ 
hippocampus ØöćÿÂöćãèÃ­îÈÂòÛÅèóâÉČóæÕæÈ (âÔö áõÎāÎßäßóÔõËã°, ÂÚÂßä áõÎāÎßäßóÔõËã°, 
Āæñ îÙõèòÓÚ° ëùÚØäßòÚÙ°, 2563) 

2.2 ËÚõÕÃîÈāäÅîòæăÌÿâîä° 
 2.2.1 ËÚõÕØöćâöîóÂóäÿâøćîîóãùâóÂ (late onset) (âÔö áõÎāÎßäßóÔõËã° ĀæñÅÚîøćÚ ą, 
2563)ßÛăÕ­ÜäñâóÔä­îãæñ 90-95 ÃîÈÝú­Ü¬èãîòæăÌÿâîä° ÿÂõÕîóÂóäÿâøćîîóãùâóÂÂè¬ó 65 Üö 
ëóÿìÖùÃîÈāäÅÚöĈÿÂõÕÉóÂÜòÉÉòãìæóãîã¬óÈä¬èâÂòÚØòĈÈßòÚÙùÂääâ èõ×öËöèõÖĀæñëõćÈĀèÕæ­îâ ØòĈÈÚöĈãòÈăâ¬âö
ãöÚÿÊßóñØöćÿÜĆÚëóÿìÖùÃîÈāäÅāÕãÖäÈ ĀÖ¬ßÛãöÚØöćëä­óÈāÜäÖöÚ îñāÜăæāÜāÜäÖöÚ 4 
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(apolipoprotein E e4 ìäøî APOE e4 gene) ÛÚāÅäāâāÌâÅú¬Øöć 19 ÿßõćâÅèóâÿëöćãÈÖ¬îÂóäÿÂõÕ
āäÅîòæăÌÿâîä°âóÂÃ÷ĈÚ ÂóäâöãöÚÚöĈìÚ÷ćÈÖČóĀìÚ¬ÈÉñÿßõćâÅèóâÿëöćãÈ 2-3 ÿØ¬ó Āæñ×­óâöãöÚÚöĈëîÈ
ÖČóĀìÚ¬ÈÉñÿßõćâÅèóâÿëöćãÈëúÈ×÷È 8-12 ÿØ¬ó îã¬óÈăäÂĆÖóâÛóÈÅÚØöćâöîóÂóäÃîÈāäÅîòæăÌÿâîä°         
ĀÖ¬ÖäèÉăâ¬ßÛãöÚÚöĈÂĆâö   
 2.2.2 ËÚõÕØöćâöîóÂóäÿâøćîîóãùÚ­îã (early onset) (âÔö áõÎāÎßäßóÔõËã° ĀæñÅÚîøćÚ ą, 
2563)ßÛăÕ­ÜäñâóÔä­îãæñ 5-10 ÃîÈÝú­Ü¬èãîòæăÌÿâîä° ÿäõćâÿÂõÕîóÂóäÿâøćîîóãùÜäñâóÔ 30-60 Üö 
ËÚõÕÚöĈâòÂ×¬óãØîÕØóÈßòÚÙùÂääâ (familial Alzheimer³s disease; FAD) ßÛè¬óæúÂØöćÿÂõÕÉóÂß¬î
ìäøîĀâ¬ØöćÿÜĆÚßóìñÃîÈãöÚØöćÂæóãßòÚÙù°ÛÚÛÚāÅäāâāÌâÅú¬Øöć 1, 14 ìäøî 21 ĀæñâöîóÂóäÃîÈāäÅîòæ
ăÌÿâîä° âöāîÂóëØöćæúÂÉñâöîóÂóäÃîÈāäÅîòæăÌÿâîä°ÖîÚîóãùÚ­îã×÷È 50:50 ÂóäÂæóãßòÚÙù°ÃîÈãöÚ
ÛÚāÅäāâāÌâÅú¬Øöć 1, 14 Āæñ 21 ØČóĂì­ÿÂõÕāÜäÖöÚÝõÕÜÂÖõÖ¬óÈÂòÚ  

2.3 äñÛóÕèõØãóÃîÈáóèñëâîÈÿëøćîâĀæñāäÅîòæăÌÿâîä°   
 áóèñëâîÈÿëøćîâÿÜĆÚáóèñØöćßÛÛ¬îãĂÚÝú­ëúÈîóãù ÉóÂÃ­îâúæÃîÈîÈÅ°ÂóäîÚóâòãāæÂ ß.é. 2564 
ØòćèāæÂ âöÝú­Ü¬èãëâîÈÿëøćîâ 55 æ­óÚÅÚ ĀæñÅóÕè¬óÜö ß.é. 2573 ÉñâöÝú­Ü¬èãëâîÈÿëøćîâ ÿßõćâÃ÷ĈÚ
ÉČóÚèÚ 40% ÿÜĆÚ 78 æ­óÚÅÚ Āæñ ĂÚÜö ß.é. 2593 ÉČóÚèÚ 139 æ­óÚÅÚ 
 ëČóìäòÛÜäñÿØéăØã āÅäÈëä­óÈîóãùÃîÈÜäñËóÂäăØãâöÂóäÿÜæöćãÚĀÜæÈăÜîã¬óÈäèÕÿäĆè
ÿË¬ÚÂòÚ ÜäñÿØéăØãăÕ­ÂæóãÿÜĆÚëòÈÅâëúÈèòãâóÖòĈÈĀÖ¬Üö ß.é. 2548 ÅøîâöëòÕë¬èÚÜäñËóÂäîóãù 60 Üö
Ã÷ĈÚăÜ ëúÈ×÷Èä­îãæñ 10 ÃîÈÜäñËóÂäØöć 63 æ­óÚ ĂÚÃÔñØöćÜö ß.é. 2503 ÜäñÿØéăØãâöÜäñËóÂä 60 
æ­óÚÅÚ ĀÖ¬âöÝú­ëúÈîóãùÿßöãÈ 1 æ­óÚÅÚ ĀëÕÈĂì­ÿìĆÚè¬óÜäñËóÂäëúÈîóãùÿßõćâÃ÷ĈÚÕ­èãîòÖäóØöćÿäĆèâóÂ
Åøî ëúÈÂè¬óä­îãæñ 4  Ö¬îÜö ĂÚÜö ß.é. 2564 ÉČóÚèÚÜäñËóÂäĂÚÜäñÿØéăØãîãú¬Øöć 66,171,439                  
æ­óÚÅÚ ÿÜĆÚÝú­Øöćâöîóãù 60 ÜöÃ÷ĈÚăÜ 7,432,385 ÅÚ ìäøî ÅõÕÿÜĆÚä­îãæñ 11.23 ÃîÈÜäñËóÂäØòĈÈìâÕ 
ĀëÕÈĂì­ÿìĆÚè¬ó ÜäñÿØéăØãÂ­óèÿÃ­óëú¬ëòÈÅâÝú­ëúÈîóãùĀæ­è ĀæñÉñÿÜĆÚëòÈÅâÝú­ëúÈîóãùäñÕòÛëùÕãîÕ
ÿâøćîâöëòÕë¬èÚÜäñËóÂäîóãù 60 ÜöÃ÷ĈÚăÜ ëúÈ×÷Èä­îãæñ 25 ĂÚÜö ß.é. 2574 ÂóäØöćăØãâöëòÕë¬èÚÃîÈ
Ýú­ëúÈîóãùÿßõćâÃ÷ĈÚÿßäóñîòÖäóÂóäÿÂõÕØöćæÕæÈ ĀæñîóãùÃîÈÅÚăØããøÚãóèÃ÷ĈÚ ÉóÂë×õÖõĀæñ                   
ÂóäÅóÕÂóäÔ°Ã­óÈÖ­ÚĀëÕÈĂì­ÿìĆÚè¬óÜòÎìóāäÅîòæăÌÿâîä°ÿÜĆÚÜòÎìóĂìÎ¬ØòćèāæÂ É÷ÈÖ­îÈâö 
ÂóäÅ­ÚÅè­óìóãóäòÂêóÿßøćîĂì­Ýú­Ü¬èãîãú¬îã¬óÈâöÅùÔáóßËöèõÖØöćÕöÖ¬îăÜ (ßõâß°ÿßĆÎ ßäÿÊæõâßÈé° Āæñ 
äòÖÚóÜÚÚØ°, 2550) 
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2.4 ëóÿìÖùĀæñßãóÙõèõØãóÃîÈāäÅîòæăÌÿâîä°  
 ëâîÈÿÜĆÚîèòãèñØöćëČóÅòÎĂÚÂóäÜäñâèæÅèóâäú­ë÷ÂĀæñÖîÛëÚîÈÖ¬îëõćÈÖ¬óÈ ą áóãĂÚ
ëâîÈ ÜäñÂîÛÕ­èã ÿÌææ°ÜäñëóØ (neuron) âóÂâóãÂè¬óĀëÚæ­óÚ (1011) ÿÌææ°Ì÷ćÈØČóìÚ­óØöćĂÚ
ÂóääòÛĀæñÜäñâèæÃ­îâúæØòĈÈìæóãäèâ×÷ÈÉòÕë¬ÈÅČóëòćÈăÜãòÈîèòãèñÿÜ­óìâóãÖ¬óÈ ą ÚîÂÉóÂÚöĈĂÚ
ëâîÈãòÈÜäñÂîÛÕ­èãÿÌææ°ËÚõÕîøćÚÕ­èãÅøî ÿÌææ°ÚõèāäÿÂæöã (neuroglia cells) ØČóìÚ­óØöćË¬èãÿìæøî
ÿÂøĈîìÚùÚÂóäØČóÈóÚÃîÈÿÌææ°ÜäñëóØ ĀæñÜÂÜ­îÈÖæîÕÉÚÚČóë¬ÈëóäÉČóÿÜĆÚÖ¬óÈ ą Ăì­ĀÂ¬ÿÌææ°
ÜäñëóØ ÂóäÖõÕÖ¬îëøćîëóääñìè¬óÈëâîÈĀæñîèòãèñîøćÚëóâóä×ØČóăÕ­āÕãÝ¬óÚØóÈäñÛÛÜäñëóØ 
äñÛÛÿæøîÕ ÚČĈóăÃëòÚìæòÈ âöÅèóâëČóÅòÎÖ¬îÂóäØČóÈóÚÃîÈëâîÈ ÚČĈóăÃëòÚìæòÈ Øöćîãú¬ĂÚāßäÈË¬îÈè¬óÈ
ÃîÈëâîÈÉñË¬èãäòÂêóëáóßÅèóâÿÃ­âÃ­ÚÖ¬óÈ ą  ÃîÈëóäÿÅâöáóãĂÚ ÿßøćîĂì­ëâîÈîãú¬ĂÚáóèñ        
ØöćØČóÈóÚÿÜĆÚÜÂÖõăÕ­ÖæîÕÿèæó ØòĈÈÚöĈëâîÈâöÅùÔëâÛòÖõßõÿéê ÿäöãÂè¬ó ßæóëÖõÌõÖöĈ (plasticity)  
ÿÜĆÚÂäñÛèÚÂóäØöćëâîÈëóâóä×ÜäòÛÖòèÖîÛëÚîÈØÕĀØÚÂóäÿÜæöćãÚĀÜæÈăÕ­äñãñãóè ëóâóä×
ÜäòÛÿÜæöćãÚăÕ­ÖóâëõćÈÿä­óØòĈÈáóãĂÚĀæñáóãÚîÂ ØČóĂì­ÿÂõÕÂóäÿäöãÚäú­ĀæñĀÂ­ăÃÂæòÛÅøÚÉóÂÅèóâ
ÿëöãìóãØöćÿÂõÕÃ÷ĈÚăÕ­ ÿÌææ°ÜäñëóØĂÚëâîÈâöäñÛÛÂóäØČóÈóÚëøćîëóäîã¬óÈÕö èõÙöìÚ÷ćÈØöćÉČóÿßóñ Åøî 
ÂóäëøćîëóäÝ¬óÚëóäÿÅâö āÕãëóäëøćîÜäñëóØ (neurotransmitters) ĀæñëóäÜäòÛÜäñëóØ 
(neuromodulators) ÉñÜæ¬îãîîÂâóÛäõÿèÔØöćÿäöãÂè¬ó ÉùÕÜäñëóÚÜäñëóØ (synapse) ØČóĂì­ÿÂõÕ
Âóäë¬ÈÝ¬óÚÃ­îâúæăÜãòÈÿÜ­óìâóã ëóäëøćîÜäñëóØĀæñëóäÜäòÛÜäñëóØÚöĈ ØČóĂì­ä¬óÈÂóãÿÂõÕ
Åèóâëóâóä×ØöćÉñÜäòÛÿÜæöćãÚăÕ­Öóâë×óÚÂóäÔ° ÖîÛëÚîÈÖ¬îÿìÖùÂóäÔ°ØöćÿÂõÕÃ÷ĈÚ ÜäòÛÖòè              
îãú¬ĂÚëáóèñëâÕùæĂÚÂóäÕČóÿÚõÚËöèõÖ (ÖäöØõßã° äòÖÚèäËòã, 2564) 
 

2.4.1 ëóäëøćîÜäñëóØîñÿÌØõæāÅæöÚ (Acetylcholine; ACh)  
2.4.1.1 āÅäÈëä­óÈØóÈÿÅâö 

 

 
 

áóßÜäñÂîÛ 1 āÅäÈëä­óÈØóÈÿÅâöÃîÈîñÿÌØõæāÅæöÚ 

Øöćâó : (Wikipedia, 2024) 
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2.4.1.2 ÛØÛóØÂóäØČóÈóÚ (ÉõÔòÖõÖó ÉõÖÖõèòÓÚ°, 2564)  
  îñÿÌØõæāÅæöÚ×úÂëä­óÈØöćĀîÂāÌßæóÌ÷â (axoplasm) āÕãâöëóäÖòĈÈÖ­ÚĂÚÂóäëä­óÈ
Åøî āÅæöÚ (choline) ĀæñîñÿÌØõæāÅÿîÚăÌâ°ÿî (acetyl coenzyme A) āÕãîóéòãÿîÚăÌâ° 
āÅæöÚîñÿÌØõæØäóÚëÿàîÿäë (choline acetyltransferase) ĂÚÂóäëä­óÈăÕ­ÿÜĆÚîñÿÌØõæāÅæöÚĀæñ 
āÅÿîÚăÌâ°ÿî Ì÷ćÈîñÿÌØõæāÅæöÚÉñ×úÂÚČóâóÿÂĆÛĂÚ×ùÈÛääÉùëóäëøćîÜäñëóØÝ¬óÚāÜäÖöÚÚČóßó ÿäöãÂè¬ó 
(vesicular acetylcholine transporter; VAChT) ØöćÜæóãÜäñëóØ ë¬èÚāÅÿîÚăÌâ°ÿîÚòĈÚ×úÂÚČóÂæòÛ
ÿÃ­óëú¬ăâāØÅîÚÿÕäöãÿßøćîØČóÜÐõÂõäõãóÂòÛÂäÕăßäúèõÂĂÚÂäñÛèÚÂóäëä­óÈîñÿÌØõæāÅÿîÚăÌâ°ÿîîöÂÅäòĈÈìÚ÷ćÈ  

 

 

 

 

 

 

áóßÜäñÂîÛ 2 ÂäñÛèÚÂóäëòÈÿÅäóñì° acetylcholine 

Øöćâó : Pritam ĀæñÅÔñ (2022) 

  ÜòÉÉùÛòÚãòÈăâ¬ØäóÛëóÿìÖùØöćĀØ­ÉäõÈÃîÈāäÅîòæăÌÿâîä° ëóÿìÖùÃîÈāäÅë¬èÚìÚ÷ćÈ
ÿÂöćãèÃ­îÈÂòÛßòÚÙùÂääâ ĀÖ¬ë¬èÚĂìÎ¬ÿÜĆÚÂóäÿëøćîâÃîÈëâîÈÖóâîóãùÃòã ÿÂõÕÉóÂÂóäÖóãÃîÈÿÌææ°

ÜäñëóØÉóÂÂóäëñëâÃîÈĀîâöæîãÕ°ÛöÖ­ó (Ab) ÚîÂÿÌææ°ÜäñëóØĀæñāÜäÖöÚÿØó (tau protein) 
ĂÚÿÌææ°ÜäñëóØ ÿÂõÕÜòÎìóÃòÕÃèóÈÂóäë¬ÈÖ¬îëòÎÎóÔÜäñëóØ ĀæñÿÌææ°ÜäñëóØÖóãØČóĂì­
Ýú­Ü¬èãÉÕÉČóëõćÈĂìâ¬ăâ¬ăÕ­ ĀæñæøâëõćÈØöćÿÅãÉČóĀæ­è æòÂêÔñÂóãáóßÃîÈëâîÈÃîÈÝú­Ü¬èãîòæăÌÿâîä° 
ØöćâîÈÿìĆÚÕ­èãÖóÿÜæ¬óÉñâöÂóäÞ¬îÃîÈÿÚøĈîëâîÈØòćè ą ăÜ âöÚČĈóìÚòÂëâîÈÚ­îã āÕãÅÚÜÂÖõâö
ÚČĈóìÚòÂëâîÈ 100-200 Âäòâ äîãìãòÂ (gyrus) ÃîÈÿÜæøîÂëâîÈÞ¬îÕúĀÅÛæÈĀæñÖøĈÚ ä¬îÈëâîÈ 
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(sulcus) Âè­óÈÃ÷ĈÚ ä¬èâÂòÛâöāßäÈëâîÈ (ventricle) ÃãóãÃÚóÕÃ÷ĈÚ äèâØòĈÈßÛĀîâöæîãÕ°ÛöÖ­óßæóÂ 

(Ab plaque) ĀæñÚõèāäăàÛäõææóäö ĀØÈÿÂõæ (NFTs) ØöćÿÜæøîÂëâîÈ ĀæñâöÂóäÿëøćîâÃîÈÿë­ÚÿæøîÕ 

2.5 ÂóääòÂêóāäÅîòæăÌÿâîä°  
   ÜòÉÉùÛòÚâöãóÿßöãÈ 2 Âæù¬â ØöćăÕ­äòÛÂóäîÚùâòÖõĂì­ĂË­ĀÂ­ÜòÎìóĂÚÝú­Ü¬èãîòæăÌÿâîä° ăÕ­ĀÂ¬  
Âæù¬âãóîîÂåØÙõċãòÛãòĈÈÿîÚăÌâ°ØöćØČóæóãîñÿÌØõæāÅæöÚ (Cholinesterase inhibitors, ChEls) Āæñ
ãóÿâĀâÚØöÚ (memantine) Ì÷ćÈîîÂåØÙõċÖ­óÚÖòèäòÛÿîĆÚÿîĆâÕöÿî (NMDA receptor antagonist) 
(âÔö áõÎāÎßäßóÔõËã° ĀæñÅÚîøćÚ ą, 2563) 
 2.5.1 Âæù¬âãóîîÂåØÙõċãòÛãòĈÈÿîÚăÌâ°ØöćØČóæóãîñÿÌØõæāÅæöÚ (Cholinesterase inhibitors)  
 ÜòÉÉùÛòÚãóĂÚÂæù¬âÚöĈØöćâöĂË­ĂÚÿèËÜÐõÛòÖõâö 3 ËÚõÕ ăÕ­ĀÂ¬ donepezil, rivastigmine Āæñ 
galantamine Ì÷ćÈãóÂæù¬âÚöĈîîÂåØÙõċāÕãÂóäÉòÛĀæñãòÛãòĈÈÿîÚăÌâ°îñÿÌØõæāÅæöÚÿîëÿØîÿäë Ì÷ćÈÿÜĆÚ
ÿîÚăÌâ°ØČóìÚ­óØöćØČóæóãîñÿÌØõæāÅæöÚ (acetylcholine) ØöćÉùÕÜäñëóÚÜäñëóØ (synapses) ë¬ÈÝæ
Ăì­ÛäõÿèÔÉùÕÜäñëóÚÜäñëóØâöÜäõâóÔîñÿÌØõæāÅæöÚÿßõćâëúÈÃ÷ĈÚ Āæ­èØČóĂì­ÅèóâÉČóÕöÃ÷ĈÚ  
ÿÌææ°ÜäñëóØØöćÚõèÿÅæöãë ÿÛÌòææõë (nucleus basalis) ØöćëâîÈë¬èÚìÚ­ó (forebrain) ÉñìæòćÈëóä
ë¬ÈÝ¬óÚÜäñëóØîñÿÌØõæāÅæöÚ ăÜãòÈÿÜæøîÂëâîÈ (cortex) ÚõèÿÅæöãëÚöĈÉñ×úÂÂäñÖù­ÚÿâøćîâöëõćÈÿä­ó
Ăìâ¬ îñÿÌØõæāÅæöÚÉ÷ÈâöÛØÛóØÿÂöćãèÃ­îÈÂòÛÅèóâĂë¬ĂÉĀæñÅèóâÉČó îñÿÌØõæāÅæöÚ×úÂØČóæóã 
āÕãÿîÚăÌâ°āÅæöÚÿîëÿØîÿäë Ì÷ćÈÿÜĆÚÿîÚăÌâ°Øöćîãú¬ØöćÉùÕÜäñëóÚÜäñëóØÃîÈÿÌææ°ËÚõÕāÅæõÿÚîä°ÉõÂ 
(cholinergic neuron) ÕòÈÚòĈÚãóØöćâöåØÙõċãòÛãòĈÈÿîÚăÌâ°āÅæöÚÿîëÿØîÿäëÉñØČóĂì­âöÜäõâóÔîñÿÌØõæ
āÅæöÚØöćÉùÕÜäñëóÚÜäñëóØâóÂÃ÷ĈÚĀæñÉòÛÂòÛÖòèäòÛ (receptor) ăÕ­âóÂÃ÷ĈÚ ë¬ÈÝæĂì­áóèñëâîÈ
ÿëøćîâÕöÃ÷ĈÚ 
 2.5.2 ãóÿâĀâÚØöÚ (memantine) îîÂåØÙõċÖ­óÚÖòèäòÛÿîĆÚÿîĆâÕöÿî (NMDA receptor 
antagonist) Ì÷ćÈîîÂåØÙõċÝ¬óÚ 2 ÂæăÂ Åøî 1. ÜäòÛäñÛÛÂóäÚČóëóäë¬ÈÝ¬óÚÜäñëóØÂæúÖóÿâÖ 
(glutamate) ìóÂäñÛÛØöćâöëóäë¬ÈÝ¬óÚÜäñëóØÂæúÖóÿâØÝõÕÜÂÖõ ÉñØČóĂì­ăâ¬ëóâóä×ëä­óÈ
ÅèóâÉČóĂìâ¬ ą ăÕ­ ÿâøćîâöÂóäÖóãÃîÈÿÌææ°ÜäñëóØØöćÛääÉùëóäë¬ÈÝ¬óÚÜäñëóØÂæúÖóÿâØÉñÿÂõÕ
ÂóääòćèÃîÈëóäë¬ÈÝ¬óÚÜäñëóØËÚõÕÚöĈîîÂâóáóãÚîÂÿÌææ°ÜäñëóØ Ì÷ćÈÂæúÖóÿâØØöćîãú¬ÚîÂÿÌææ° 
ÉñÂäñÉóãâóãòÈÛäõÿèÔÉùÕÜäñëóÚÜäñëóØĀæ­èÉòÛÂòÛÖòèäòÛØöćîãú¬ØöćÿÌææ°ÜäñëóØìæòÈÉùÕÜäñëóÚ
ÜäñëóØ (post-synaptic neuron) ÖòèäòÛëòÎÎóÔÜäñëóØËÚõÕÚöĈËøćî ÿîÚÿîĆâÕöÿî (N-methyl-D-
aspartic acid, NMDA) ÂóäÉòÛÚöĈÉñØČóĂì­âöĀÅæÿÌöãâăìæÿÃ­óăÜãòÈÿÌææ°ÜäñëóØìæòÈÉùÕÜäñëóÚ
ÜäñëóØØČóĂì­ÿÂõÕÿÜĆÚëòÎÎóÔäÛÂèÚØóÈăàà­óÃ÷ĈÚ (noise) ĀÖ¬ëòÎÎóÔäÛÂèÚØóÈăàà­ó 
ØöćÿÂõÕÃ÷ĈÚÚöĈâöÅèóâĀäÈăâ¬ÿßöãÈßîØöćÉñØČóĂì­ÿÂõÕéòÂãñÈóÚ (action potential) ÕòÈÚòĈÚëòÎÎóÔÚöĈ 
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É÷Èăâ¬ëóâóä×ÿìÚöćãèÚČóĂì­ÿÂõÕÂóäÚČóăàà­óäñìè¬óÈÿÌææ°ÜäñëóØØöćîãú¬ĂÚäñÛÛÂóäëä­óÈÅèóâÉČóăÕ­ 
ãó memantine îîÂåØÙõċÿÜĆÚÖòèÖ­óÚ (antagonist) ØöćÖòèäòÛÿîÚÿîĆâÕöÿî (NMDA receptor) ÕòÈÚòĈÚ
É÷ÈæÕÂóäÿÂõÕëòÎÎóÔäÛÂèÚØóÈăàà­óØöćÿÂõÕÉóÂÂóäÂäñÖù­ÚāÕãÂæúÖóÿâØØöćäòćèîîÂâóáóãÚîÂ
ÿÌææ°ÜäñëóØ ĂÚÃÔñØöćãîâĂì­ÿÂõÕÂóäÚČóăàà­óäñìè¬óÈÿÌææ°ÜäñëóØăÕ­ÖóâÜÂÖõ 2. ÂäñÖù­ÚäñÛÛ
ÂóäÚČóëóäë¬ÈÝ¬óÚÜäñëóØāÕÜóâöÚ (dopamine) ëóâóä×îîÂåØÙõċÂäñÖù­ÚäñÛÛÂóäÚČóëóä
ë¬ÈÝ¬óÚÜäñëóØāÕÜóâöÚ Ì÷ćÈîóÉË¬èãÛääÿØóÜòÎìóÂóäÿÅæøćîÚăìèìäøîîóÂóäĀÃĆÈÿÂäĆÈ  
 ÂóääòÂêóāäÅîòæăÌÿâîä°ăÕ­âöÂóäé÷ÂêóâóÂâóãØòĈÈĂÚÝú­Ü¬èãĀæñëòÖè°ØÕæîÈ āÕãßÛè¬ó 
ãòÈăâ¬âöãóĂÕØöćĂì­ÝæÂóääòÂêóØöćâöÜäñëõØÙõáóßëúÈëùÕ ÉČóÿÜĆÚÖ­îÈâöÂóäßòÓÚóãóĂìâ¬Øöćâö
ÜäñëõØÙõáóßĂÚÂóääòÂêóĂì­âóÂÃ÷ĈÚ ÜòÉÉùÛòÚßÛÅèóâÚõãâÂóäé÷ÂêóĂË­ëóäÂæù¬âØöćëÂòÕÉóÂßøË 
ÿßøćîÚČóâóĂË­äòÂêóäèâØòĈÈæÕîòÖäóÂóäÿÂõÕāäÅîòæăÌÿâîä°ÿÜĆÚÉČóÚèÚâóÂ ÿÚøćîÈÉóÂëóäÂæù¬â
ÕòÈÂæ¬óèâöÅèóâÜæîÕáòãÂè¬óãóÂæù¬âØöćăÕ­ÉóÂÂóäëòÈÿÅäóñì° Ì÷ćÈăÕ­âöÂóäèõÉòãÿßøćîìóÂæăÂÂóäîîÂ
åØÙõċ äèâØòĈÈëóäîîÂåØÙõċìæòÂÃîÈëóäëÂòÕÉóÂßøËÿìæ¬óÚöĈ É÷ÈÿìâóñÂòÛÂóäÚČóâóĂË­ëČóìäòÛāäÅØöćâö               
ÅèóâÿëøćîâÃîÈëâîÈāÕãÿÊßóñāäÅîòæăÌÿâîä°   

2.6 ÿîÚăÌâ° acetylcholinesterase (AChE)  
 ÿîÚăÌâ° AChE âöìÚ­óØöćĂÚÂóäëæóã acetylcholine Õ­èãÂäñÛèÚÂóä hydrolysis  
āÕã acetylcholine ÉñÉòÛÂòÛ AChE ØöćÖČóĀìÚ¬È esteric site ìäøî serine hydroxyl group  Ì÷ćÈîãú¬ 
Øöć active site ÃîÈ AChE Āæñ catalytic anionic site ÉóÂÚòĈÚÉ÷Èëæóã acetylcholine  
Õ­èãÂäñÛèÚÂóä hydrolysis ăÕ­ÿÜĆÚ choline Āæñ acetate (Xie, Yang, Chen, Āæñ Xiao, 2014)  

 

 

 

 

 

 

áóßÜäñÂîÛ 3 ÂóäÉòÛÃîÈ acetylcholine ØöćÛäõÿèÔ active site ÃîÈ acetylcholinesterase 

Øöćâó : (Proteopedia, 2024) 
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2.7 ÂóäØÕëîÛåØÙõċÂóäãòÛãòĈÈÿîÚăÌâ° acetylcholinesterase Õ­èãèõÙö Ellman's method  

 ÂóäØÕëîÛåØÙõċÂóäãòÛãòĈÈÿîÚăÌâ° AChE ØöćÚõãâØöćëùÕâöìæòÂÂóäî­óÈîõÈÖóâ Ellman's 
method îóéòãìæòÂÂóäÿÂõÕÜÐõÂõäõãóØóÈÿÅâöäñìè¬óÈÿîÚăÌâ° AChE ÂòÛ acetylthiocholine iodide 
(ACTI) ØöćÿÜĆÚëóäÖòĈÈÖ­Ú Éñ×úÂã¬îãĂì­ÂæóãÿÜĆÚ thiocholine Āæñ acetic acid ÉóÂÚòĈÚ 
thiocholine ÉñØČóÜÐõÂõäõãóÂòÛ DTNB ÿÂõÕÿÜĆÚëóäëöÿìæøîÈ Ì÷ćÈÕúÕÂæøÚĀëÈØöć 405 nm É÷ÈØČóĂì­
ëóâóä×èòÕÅ¬óÂóäÕúÕÂæøÚĀëÈ ĀæñÅČóÚèÔîîÂâóÿÜĆÚä­îãæñÃîÈÂóäãòÛãòĈÈÿîÚăÌâ° 
aetylcholinesterase ăÕ­ āÕãèõÙöÚöĈâöÃ­îÿëöã ÿË¬Ú îóÉâöÂóääÛÂèÚÃîÈëóäÜäñÂîÛÛóÈËÚõÕăÕ­ ØČó
Ăì­ÝæÂóäØÕëîÛÅæóÕÿÅæøćîÚ ìäøîâöÃ­îÉČóÂòÕĂÚÂóäØÕëîÛãóĀÂ­ßõê organophosphorus Âæù¬â 
oxime ÿßäóñĂÚãóĀÂ­ßõêÕòÈÂæ¬óèÉñÿÂõÕÜÐõÂõäõãó spiltting ÂòÛ DTNB ìäøîÿäöãÂè¬ó oximolysis  

ìäøîîóÉÉñÿÂõÕÜÐõÂõäõãó hydrolysis ÂòÛ ACTI ăÕ­  Ì÷ćÈÉñØČóĂì­ÝæÂóäØÕëîÛÿÜĆÚ false positive 
reaction Ã÷ĈÚ (Ferreira, Proença, Serralheiro, Āæñ Araújo, 2006) (Sakurada, Ikegaya, Ohta, 

Akutsu, Āæñ Takatori, 2006) (ſinko, Ļaliĺ, Bosak, Āæñ Kovarik, 2007) (Balkis, Tran, Lee, 
Āæñ Ng, 2015) 

 

áóßÜäñÂîÛ 4 ĀëÕÈÜÐõÂõäõãóØöćÿÂõÕÃ÷ĈÚĂÚÂóäØÕëîÛåØÙõċÂóäãòÛãòĈÈ acetylcholinesterase 

āÕãĂË­ìæòÂÂóä Ellman³s method  

Øöćâó : Mohammed Saleem Ali-Shtayeh ĀæñÅÔñ (2014) 
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2.8 îÚùâúæîõëäñĀæñëóäÖ­óÚîÚùâúæîõëäñ  
 ÂóäÿÂõÕîÚùâúæîõëäñÿÜĆÚÂäñÛèÚÂóäØöćÜäñÂîÛÕ­èã physiological reactions âóÂâóã 
ëõćÈâöËöèõÖÉñÂäñØČóÂòÛāâÿæÂùæÿìæ¬óÚöĈÿßøćîĂì­ÂóäØČóÈóÚÿÜĆÚÜÂÖõ îÚùâúæîõëäñÉñ×úÂÉòÛāÕãëóä          
Ö­óÚîÚùâúæîõëäñ ÿË¬Ú èõÖóâõÚîö èõÖóâõÚÌö carotenoids flavonoids ĀæñÿîÚăÌâ° ÿË¬Ú peroxide 
dismutase (SOD), glutathione peroxide Ì÷ćÈÉñÿÜæöćãÚĂì­ÿÜĆÚëóäÜäñÂîÛØöćâöÅèóâÿë×öãä             
âóÂÃ÷ĈÚ ĂÚÂäÔöØöćâöÂóäÿëöãëâÕùæ îóÉßÛè¬óâöÂóäÝæõÖîÚùâúæîõëäñâóÂÿÂõÚăÜØòĈÈ ROS Āæñ RNS 
ØČóĂì­ÿÂõÕ oxidative stress āÕãĀÛ¬ÈîîÂăÕ­ÿÜĆÚĀÛÛÿÊöãÛßæòÚĀæñĀÛÛÿäøĈîäòÈ āÕãÿÊßóñĀÛÛ
ÿäøĈîäòÈÚČóăÜëú¬ÂóäÿÂõÕāäÅìæóãËÚõÕäèâØòĈÈāäÅîòæăÌÿâîä° âöÂóäëúÎÿëöãÂóäØČóÈóÚÃîÈÿÌææ°
ÜäñëóØ ĀæñÂóäÖóãÃîÈÿÌææ°ÜäñëóØ āÕãâöÂóäé÷Âêó ÕòÈÚöĈ (Pongnimitprasert, 2020) 
 1. oxidative stress ÉñØČóĂì­ÿÂõÕ apoptosis ĂÚÿÌææ°ØöćĀÃĆÈĀäÈ oxidative stress ÿÜĆÚÝæ
ÉóÂÂóäÿâÖóÛîæõÌ÷âØöćÜÂÖõ Ì÷ćÈâòÂÉñÿßõćâìäøîÃãóãāÕãÂóäÂäñØČóÂòÛëóäßõêĂÚëõćÈĀèÕæ­îâ          
ÂóäÖõÕÿËøĈî ÃÛèÚÂóäÿÝóÝæóÎĂÚÂóäØóÚîóìóä áóèñÕòÈÂæ¬óèÉñØČóĂì­ÝæßæîãăÕ­ØöćÿÂõÕÉóÂ
ÂóäëñëâÉñăÜØČóæóãāâÿæÂùæ āÕãÿÊßóñÖ¬îÿÚøĈîÿãøćîëâîÈ (Pongnimitprasert, 2020) 

 2. A̡  protein āÕãëóâóä×ÝæõÖ ROS áóãĂÚÿÌææ°ØČóĂì­ÿÂõÕîÚùâúæîõëäñÝ¬óÚÜÐõÂõäõãó
ÃîÈāâÿæÂùæîîÂÌõÿÉÚÂòÛîõîîÚāæìñ (Cu, Zn, Fe) ÿÂõÕÜÐõÂõäõãóîîÂÌõÿÕËòÚîöÂìæóãÃòĈÚÖîÚ āæìñ 
ÉñÿÂõÕÜÐõÂõäõãó redox ÉùÕÿäõćâÖ­ÚÃîÈîõÿæĆÅÖäîÚØöćÿÜĆÚëóÿìÖùĂì­ÿÂõÕäöÕòÂËòÚĂÚë×óÚñîîÂÌõÿÕËòÚ

ÃîÈîõîîÚāæìñ ÉóÂîñÖîâÃîÈÂČóâñ×òÚĂÚ methionine 35 (Metƙƛ) ÃîÈ A̡  ÚîÂÉóÂÚöĈ îõîîÚ 
ÃîÈāæìñĂÚÿÚøĈîÿãøćî ÿË¬Ú Fe Āæñ Cu ãòÈâöÛØÛóØĂÚÂóäÝæõÖ ROS ăÕ­ĀÂ¬ ÜÐõÂõäõãóÂóäÝæõÖ 
hydroxyl radicals āÕãÚČóîõÿæĆÅÖäîÚîîÂÉóÂîõîîÚÃîÈāæìñ ë¬èÚÜÐõÂõäõãóÖ¬îâóÚòĈÚ îõîîÚÃîÈ
āæìñ×úÂÜæ¬îãîîÂâóāÕãÿÂöćãèÃ­îÈÂòÛ OƘ ëČóìäòÛÜÐõÂõäõãóëùÕØ­óãÉñÿÜĆÚ Haber-Weiss 
reactions (Pongnimitprasert, 2020) 

 3. Âóäëä­óÈ A̡ :metal complex îóÉë¬ÈÿëäõâĂì­ÿÂõÕÂóääèâÖòèÂòÚÃîÈ amyloid  

ÿÜĆÚëóÿìÖùÃîÈÂóäÿÂõÕāäÅîòæăÌÿâîä°îöÂ ëóÿìÖùÅøî A̡  ËòÂÚČóĂì­ÿÂõÕÅèóâÝõÕÜÂÖõÃîÈăâāØÅîÚÿÕäöã 
îòÚÿÚøćîÈÉóÂÂóäÝæõÖ ROS âóÂÝõÕÜÂÖõ ÿâøćîÂäñÛèÚÂóäÿìæ¬óÚöĈÿëöãëâÕùæÉñë¬ÈÝæĂì­ăâāØÅîÚÿÕäöã                     
ăâ¬ëóâóä×ØČóÈóÚăÕ­îã¬óÈ×úÂÖ­îÈ ØČóĂì­î¬îÚĀî ÚČóăÜëú¬ÂóäØČóæóãÜäñëóØĂÚÝú­Ü¬èãāäÅîòæăÌÿâîä° 
(Pongnimitprasert, 2020) 
 
 



  14 

 ÉóÂØöćÂæ¬óèâóÃ­óÈÖ­Ú ĀëÕÈĂì­ÿìĆÚè¬óîÚùâúæîõëäñØöćâöâóÂÿÂõÚăÜÉÚÿÂõÕ oxidative stress 
âöÝæÖ¬îÂóäÿÂõÕāäÅîòæăÌÿâîä° ÕòÈÚòĈÚÂóäăÕ­äòÛëóäÖ­óÚîÚùâúæîõëäñ (antioxidants) Ì÷ćÈÿÜĆÚëóä          
Øöć Ë¬èãÜ­îÈÂòÚìäøîËñæîÂóäÿÂõÕ ROS îóÉë¬ÈÝææÕÂóäÿÂõÕ oxidative stress ăÕ­ 
(Pongnimitprasert, 2020) 

2.9 ÂóäØÕëîÛåØÙõċÖ­óÚîÚúâúæîõëäñ Õ­èãèõÙö DPPH Scavenging assay  
 îÚùâúæîõëäñ DPPH (2,µ2µ -diphenyl-1-picrylhydrazyl) ÿÜĆÚîÚùâúæîõëäñËÚõÕăÚāÖäÿÉÚ 
ØöćâöÅèóâÅÈÖòèÅ¬îÚÃ­óÈëúÈ ÕúÕÂæøÚĀëÈëúÈëùÕĂÚË¬èÈÅèóâãóèÅæøćÚ 515-520 ÚóāÚÿâÖä ÿâøćîÚČóăÜ
ÿÖäöãâÿÜĆÚëóäæñæóãÿâØóÚîæìäøîÿîØóÚîæ Ăì­ëóäæñæóãØöćâöëöâ¬èÈÿÃ­â ÿâøćîîÚùâúæîõëäñ DPPH 
ăÕ­äòÛîõÿæĆÂÖäîÚìäøîăïāÕÚÿÉÚÉóÂëóäÖ­óÚîîÂÌõÿÕËòÚ ÉñÿÂõÕÿÜĆÚëóäĂÚäúÜäöÕõèÌ° Åøî 
protonated DPPH Ì÷ćÈâöÅèóâÅÈÖòèâóÂÃ÷ĈÚ ØČóĂì­ÿìĆÚëóäæñæóãâöëöÉóÈæÈ ëóâóä×èòÕÅ¬óÂóä
ÕúÕÂæøÚĀëÈØöćÿÜæöćãÚăÜÕ­èãÿÅäøćîÈ UV spectrophotometer (Patchima Sithisarn, 
Nantateerapong, Rojsanga, Āæñ Sithisarn, 2016) (ßõâß°ÿßĆÎ ßäÿÊæõâßÈé° Āæñ äòÖÚóÜÚÚØ°, 
2550) 

ÜÐõÂõäõãóÕòÈÂæ¬óèîóÉĀØÚëâÂóäăÕ­ÕòÈÚöĈ 

   Z¶ + RH = ZH + R¶ 

 āÕã   Z¶ Åøî îÚùâúæ DPPH 
   RH  Åøî ÖòèäöÕõèÌ° ìäøî ëóäÖ­óÚîîÂÌõÿÕËòÚ 
   ZH  Åøî DPPH ĂÚäúÜäöÕõèÌ° 

   R¶  Åøî îÚùâúæîõëäñÉóÂÖòèäöÕõèÌ°ìäøîëóäÖ­óÚîîÂÌõÿÕËòÚ 

 

 

 

 

áóßÜäñÂîÛ 5 èõÙö DPPH Scavenging Assay 

Øöćâó : Salim Najm Aldain Saber ĀæñÅÔñ (2019) 
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2.10 ÿØÅÚõÅāâÿæÂùæóä°ÕîÂÂõÈ (Molecular docking)  
 ÂóäĂË­ÿØÅÚõÅāâÿæÂùæóä°ÕîÂÂõÈâöèòÖ×ùÜäñëÈÅ°ìæòÂĂÚÂóäØČóÚóãÂóäÉòÛÂòÚäñìè¬óÈ
āâÿæÂùæÃîÈëóäÂòÛāÜäÖöÚØöćëÚĂÉé÷Âêó āÕãÉñăÕ­ÝæÿÜĆÚÝæÃ­îâúæÂòÛÉòÛ binding affinity ØöćĀëÕÈ
×÷ÈÅèóâËîÛÃîÈëóäÕòÈÂæ¬óèÂòÛÿîÚăÌâ°ËÚõÕÚòĈÚ ĀæñãòÈëóâóä×ØČóÚóãæòÂêÔñÂóäèóÈÖòèÃîÈ
āâÿæÂùæØöćëÚĂÉ (orientation ìäøî pose) ßä­îâîòÚÖäÂõäõãó (interaction) ÃîÈëóäÚòĈÚÃÔñØöćÉòÛîãú¬
ÂòÛÿîÚăÌâ° ÿØÅÚõÅāâÿæÂùæóä°ÕîÂÂõÈâöÛØÛóØëČóÅòÎĂÚÂóäË¬èãæÕäñãñÿèæóÃîÈÂóäßòÓÚóãó
ÉóÂëóäÙääâËóÖõìäøîëóäëòÈÿÅäóñì°ăÜëú¬ÂóäØÕæîÈĂÚëòÖè°ØÕæîÈ ÿÚøćîÈÉóÂÿØÅÚõÅÚöĈëóâóä×Ë¬èã
ÅòÕÂäîÈ (screening) ëóäØöćÚ¬óëÚĂÉăÕ­ (ßÉÚßä ăÂäÕõêÑ°, 2560) 
 ÉóÂÂóäé÷ÂêóāâÿæÂùæóä°ÕĆîÂÂõÈ ßÛè¬ó ëóä piperine ØöćßÛăÕ­ĂÚßäõÂăØãĀæñÕöÜæö  
ÉòÛÂòÛÿîÚăÌâ° AChE Øöćâöäìòë 4EY6.pdb ÿÂõÕîòÚÖäÂõäõãó Hydrophobic Interactions ÂòÛÂäÕ 
îñâõāÚ HIS 447A, TRP 286A ĀæñÿÂõÕîòÚÖäÂõäõãó Hydrogen Bonds ÂòÛÂäÕîñâõāÚ SER 203A 
āÕãâöÅ¬óßæòÈÈóÚÿØ¬óÂòÛ -10.5 Kcal/mol äèâØòĈÈé÷ÂêóåØÙõċÂóäãòÛãòĈÈÿîÚăÌâ° AChE ÃîÈëóä 

piperine Ăì­Å¬ó IC50 ÿØ¬óÂòÛ 76.60 Į 0.08 mg/ml ĀæñăÕ­é÷ÂêóÂóäãòÛãòĈÈÂóäÖóãÃîÈÿÌææ°
ÜäñëóØËÚõÕ SH-SY5Y ßÛè¬óëóä piperine âöîòÖäóÂóääîÕËöèõÖÃîÈÿÌææ°ăÕ­âóÂ×÷È 85%  

Ì÷ćÈÛ¬ÈÛîÂè¬óëóäÚöĈË¬èãÜÂÜ­îÈÿÌææ°ÜäñëóØÉóÂÅèóâÿëöãìóãØöćÿÂõÕÉóÂÂóäØČóæóãÃîÈ Ab-
induced neuronal îã¬óÈâöÚòãëČóÅòÎ (Abdul Manap ĀæñÅÔñ, 2019) 

 ÉóÂÂóäé÷ÂêóāâÿæÂùæóä°ÕĆîÂÂõÈ ßÛè¬ó ëóä ɲ9-THC ØöćßÛĂÚÂòÎËó ÉòÛÂòÛÿîÚăÌâ° 

AChE  Øöćâöäìòë 4PQE.pdb ÿÂõÕîòÚÖäÂõäõãó p-p stacking ÂòÛÂäÕîñâõāÚ TRP 286 ĀæñÿÂõÕ
îòÚÖäÂõäõãó Van der Waals ÂòÛÂäÕîñâõāÚ TYR 337, TYR124, ASP74, HIS287, LEU289, 
SER293, ARG296 Āæñ PHE295 āÕãâöÅ¬óßæòÈÈóÚÿØ¬óÂòÛ -9.3 Kcal/mol ÿÜäöãÛÿØöãÛÂòÛãó 

Donepezil âöÅ¬óßæòÈÈóÚÿØ¬óÂòÛ -8.3 Kcal/mol āÕãÿÂõÕîòÚÖäÂõäõãó p-p stacking ÂòÛÂäÕîñâõāÚ 
TRP 286 ĀæñÿÂõÕîòÚÖäÂõäõãó Van der Waals ÂòÛÂäÕîñâõāÚ HIS 287, TYR72, LEU76, 
TYR124, PHE297, PHE338, PHE295 Āæñ VAL294 (Furqan ĀæñÅÔñ, 2020) 

2.11 ÂóäÅèÛÅùâÅùÔáóßèòÖ×ùÕõÛëâùÚăßä  
 ÂóäÅèÛÅùâÅùÔáóßÃîÈëâùÚăßä ÿÜĆÚÂóäÜäñÿâõÚÅùÔÅ¬óãóÉóÂëâùÚăßäè¬óâö×úÂÖ­îÈÖóâ
Ö­îÈÂóäĀæñâöÅùÔáóßëâČćóÿëâî îöÂØòĈÈÿÜĆÚÖòèÂČóìÚÕäóÅóÃîÈãóÉóÂëâùÚăßäÚòĈÚ ą Õ­èã 
ÜäñÂîÛÕ­èãÂóäÖäèÉÿîÂæòÂêÔ°ëâùÚăßä ÖäèÉìóÅùÔÅ¬óáóãĂÚØòĈÈËÚõÕĀæñÜäõâóÔ
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îÈÅ°ÜäñÂîÛëČóÅòÎØöćâöîãú¬ĂÚãóÉóÂëâùÚăßäÚòĈÚ ą ÖóââóÖäÑóÚÃîÈãóÉóÂëâùÚăßäĀÖ¬æñËÚõÕ 
Ì÷ćÈâöäóãæñÿîöãÕÕòÈÚöĈ (Úßâóé ëùÚØäÿÉäõÎÚÚØ°, 2551) 
 2.7.1 ËøćîëâùÚăßä èòÖ×ùÕõÛØöćÉñÚČóâóĂË­ÉñÖ­îÈÂČóìÚÕÿÜĆÚËøćîèõØãóéóëÖä° āÕãØòćèăÜÚõãâ
ĂË­ËøćîÿÜĆÚáóêóæñÖõÚ ÚîÂÉóÂÚöĈãòÈÖ­îÈÛîÂËøćîÝú­Å­ÚßÛÕ­èã  

 2.7.2 ë¬èÚØöćĂË­ Û¬ÈÛîÂè¬óë¬èÚÃîÈßøËØöćÚČóâóĂË­ÿÜĆÚèòÖ×ùÕõÛÿÜĆÚë¬èÚ ĂÛ ÕîÂ äóÂ Ýæ 
ÿìÈ­ó ìäøî ØòĈÈÖ­Ú  

 2.7.3 ÜäõâóÔÃîÈëóäëÂòÕ (Extractive values) Ë¬èãÅèÛÅùâÅùÔáóßÃîÈÿÅäøćîÈãóĀÖ¬æñ
äù¬ÚÝæõÖăÕ­ āÕãÿÊßóñĂÚÂäÔöØöćăâ¬ØäóÛËÚõÕÃîÈëóäëČóÅòÎ Å¬óÜäõâóÔÃîÈëóäëÂòÕØöćÿÜĆÚ
Ã­îÂČóìÚÕĂÚÿáëòËÖČóäòÛ ÿË¬Ú alcohol-soluble extractive value 

 2.7.4 ÜäõâóÔÃîÈëóäëČóÅòÎ ìäøî ëóäÛ¬ÈËöĈ (markers) ÅùÔáóßãóëâùÚăßä ÿÜĆÚÖòèÛ¬È
ÛîÂåØÙõċØóÈËöèáóßÃîÈÿÅäøćîÈãóëâùÚăßä ìäøîÿÜĆÚëóäÜäñÂîÛØóÈÿÅâöØöćßÛĂÚÿÅäøćîÈãóĀÖ¬ãòÈăâ¬
âöÂóäßõëúÉÚ°åØÙõċØóÈËöèáóß Ì÷ćÈîóÉÉñÿÜĆÚëóäìæòÂìäøîëóääîÈÂĆăÕ­ ĀÖ¬ÿÜĆÚëóäØöćäú­ëúÖäāÅäÈëä­óÈ
ØóÈÿÅâöĀæ­è èõÙöèõÿÅäóñì°ØöćĂË­ĂÚÂóäÖäèÉëîÛÅùÔáóßÃîÈÿÅäøćîÈãóëâùÚăßä ØöćÚõãâĂË­Åøî èõÙöØóÈ
āÅäâóāØÂäóàö ĀæñèõÙöØóÈëÿÜÂāØäëāÂÜö ÿÜĆÚÖ­Ú 
 
2.12 ÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈèõÙöèõÿÅäóñì° (Method validation)  
ÿÜĆÚÂóäØÕëîÛè¬óèõÙöèõÿÅäóñì°ØöćßòÓÚóÃ÷ĈÚ âöÅèóâÚ¬óÿËøćî×øî āÕãâöÅèóâĀâ¬Ú Āæñ 
ÅèóâÿØöćãÈÿßöãÈßî (United States Pharmacopeial, 2014) 
 ßóäóâõÿÖîä° (parameter) ØöćÿÂöćãèÂòÛëâää×ÚñÃîÈÂóäèõÿÅäóñì° 
 1. ÅèóâĀâ¬ÚãČó (Precision) ìâóã×÷È ÅèóâĂÂæ­ÿÅöãÈÂòÚÃîÈÝæÂóäØÕëîÛÉóÂÂóä
ØČóÌČĈóìæóãąÅäòĈÈ ÂóäìóÅèóâĀâ¬ÚãČóØČóăÕ­āÕãÂóäÊöÕëóäâóÖäÑóÚÌČĈóÂòÚîã¬óÈ 6 ÅäòĈÈ ìäøî
ØÕëîÛÌČĈó 3 ÅäòĈÈ ØöćÅèóâÿÃ­âÃ­Ú ëúÈ ÂæóÈ ÖČćó ìæòÈÉóÂÚòĈÚìóÅ¬óÅèóâÿÛöćãÈÿÛÚâóÖäÑóÚ 
(standard deviation, SD) ìäøîÂóäÿÛöćãÈÿÛÚâóÖäÑóÚëòâßòØÙ° (relative standard deviation, 
RSD)  
Ì÷ćÈâòÂÉñÛîÂÿÜĆÚÅ¬óëòâÜäñëõØÙõċÅèóâÝòÚĀÜä (coefficient of variation, CV) 

 2. Åèóâ×úÂÖ­îÈìäøîÅèóâĀâ¬Ú (Accuracy) ìâóã×÷È ÂóäèòÕÅèóâĂÂæ­ÿÅöãÈäñìè¬óÈ 
Å¬óØöćèòÕăÕ­ÉóÂÂóäèõÿÅäóñì°ØÕëîÛÂòÛÅ¬óâóÖäÑóÚìäøîÅ¬óÉäõÈ (true value) èõÙöÂóäìó 
Åèóâ×úÂÖ­îÈâöìæóãèõÙö ÿË¬Ú  

 - ÂóäĂË­ëóäî­óÈîõÈâóÖäÑóÚ (standard reference material) ÝæèõÿÅäóñì°ØöćăÕ­Ö­îÈîãú¬
ĂÚË¬èÈØöćÂČóìÚÕ 
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 - ÂóäÿÖõâëóäâóÖäÑóÚØöćäú­ÜäõâóÔØöćĀÚ¬ÚîÚæÈĂÚÖòèîã¬óÈØöćäú­Å¬ó (spiked sample) 
ÕČóÿÚõÚÂóäĀãÂëÂòÕëóäÖòèîã¬óÈĀæ­èèõÿÅäóñì°āÕãĂË­ÿÅäøćîÈâøîĀæñìó % recovery 

 3. ÃöÕÉČóÂòÕÃîÈÂóäèòÕÜäõâóÔ (Limit of quantitation, LOQ) ìâóã×÷È ÅèóâÿÃ­âÃ­Ú
ÖČćóëùÕÃîÈëóäÿÜ­óìâóãĂÚÖòèîã¬óÈØöćëóâóä×èõÿÅäóñì°ăÕ­āÕãâöÅ¬óÅèóâĀâ¬Ú ĀæñÿØöćãÈØöćãîâäòÛăÕ­ 
āÕãØòćèăÜÅ¬ó LOQ ÉñâöÅ¬óÿØ¬óÂòÛ 10 ÿØ¬óÃîÈÅ¬óÿÛöćãÈÿÛÚâóÖäÑóÚ ìäøî S/N ÿÜĆÚ 10 Å¬ó LOQ    
ÉñØÕëîÛāÕãèõÿÅäóñì°Öòèîã¬óÈØöćäú­ÅèóâÿÃ­âÃ­ÚÃîÈëóäÿÜ­óìâóãØöćâöÅ¬óÿØ¬óÂòÛìäøîĂÂæ­ÿÅöãÈ 
ÂòÛÅ¬ó LOQ ØöćÅČóÚèÔăÕ­ 
 4. ÅèóâÿÜĆÚÿë­ÚÖäÈ (Linearity) ìâóã×÷È Å¬óØöćĀëÕÈÅèóâëòâßòÚÙ°ÿËõÈÿë­Úäñìè¬óÈ 
ÅèóâÿÃ­âÃ­Ú Āæñ response ĀëÕÈè¬óÅ¬óØöćèõÿÅäóñì°ăÕ­āÕãèõÙöÚòĈÚÿÜĆÚëòÕë¬èÚāÕãÖäÈÂòÛÜäõâóÔ 
Øöćâöîãú¬ÉäõÈ ÂóäìóÅ¬óÅèóâÿÜĆÚÿë­ÚÖäÈØČóăÕ­āÕãÊöÕëóäâóÖäÑóÚØöćâöÅèóâÿÃ­âÃ­Úäñìè¬óÈ 50-
150% ÃîÈË¬èÈĂË­ÈóÚîã¬óÈÚ­îã 3 Å¬ó ÅČóÚèÔ correlation coefficience èõÙöèõÿÅäóñì°ØöćÕöÅèäâöÅ¬ó 
correlation coefficience ăâ¬Ú­îãÂè¬ó 0.995 ÂóäĀëÕÈÅ¬óÅèóâÿÜĆÚÿë­ÚÖäÈ (Linearity) ÅèääñÛù
Å¬ó range ÅèÛÅú¬ăÜÕ­èã ÿßøćîĂì­ØäóÛèõÙöèõÿÅäóñì°ÚöĈĂË­ăÕ­ÝæÕöĂÚË¬èÈÅèóâÿÃ­âÃ­ÚäñÕòÛĂÕ 

 5. ÅèóâÉČóÿßóñ (Selectivity) ìâóã×÷È Åèóâëóâóä×ÃîÈèõÙöèõÿÅäóñì°ØöćÉñèòÕëóä
ÿÜ­óìâóãăÕ­îã¬óÈ×úÂÖ­îÈĀæñÿÊßóñÿÉóñÉÈĂÚÖòèîã¬óÈØöćâöëóäÜäñÂîÛîøćÚ ą 
2.13 ãóéùÃăëãóéÚ°  
 ÖČóäòÛãóÚöĈîãú¬ĂÚÅòâáöä°ÙóÖùßäñÚóäóãÔ° (ÂîÈÅù­âÅäîÈĀæñë¬ÈÿëäõâáúâõÜòÎÎóÂóäĀßØã°
ĀÝÚăØãĀæñĀßØã°ßøĈÚÛ­óÚăØã, ÂäâÂóäĀßØã°ĀÝÚăØãĀæñÂóäĀßØã°ØóÈÿæøîÂ, Āæñ ÂäñØäèÈ
ëóÙóäÔëùÃ, 2564) ĀæñÿÜĆÚÖČóäòÛãóĀÝÚăØãÃîÈËóÖõ ("äóËÂõÉÉóÚùÿÛÂêó," 2559, 12 âÂäóÅâ) 
ÖòèãóÜäñÂîÛÕ­èãÿÅäøćîÈãó 12 ËÚõÕ ăÕ­ĀÂ¬ ÂóäÛúä 1 ë¬èÚ ĂÛëñÿÕó 2 ë¬èÚ ìòëÅùÔÿØé  3 ë¬èÚ 
ëâùæĀè­È 4 ë¬èÚ ÿØöãÚÕČó 5 ë¬èÚ āÂÑÂäñÕúÂ 6 ë¬èÚ æúÂÉòÚØÚ° 7 ë¬èÚ ÕîÂÛùÚÚóÅ 8 ë¬èÚ ßäõÂăØã 
9 ë¬èÚ ÃõÈĀì­È 10 ë¬èÚ ÕöÜæö 11 ë¬èÚ ĂÛÂòÎËó 12 ë¬èÚ ÖČóäòÛÚöĈ  âöÂòÎËó 12 ĂÚ 78 ë¬èÚ ìäøî 
ä­îãæñ 15.38 É÷ÈÿÜĆÚÖòèãóìæòÂ (ÂîÈÝæõÖáòÔÒ°ëâùÚăßä, 2566) 
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áóßÜäñÂîÛ 6 Åòâáöä°ÙóÖùßäñÚóäóãÔ° ÖČóäòÛãóéùÃăëãóéÚ° 

Øöćâó : (ÂîÈÅù­âÅäîÈĀæñë¬ÈÿëäõâáúâõÜòÎÎóÂóäĀßØã°ĀÝÚăØãĀæñĀßØã°ßøĈÚÛ­óÚăØã, 2564) 

2.14 îÈÅ°ÜäñÂîÛëóäëČóÅòÎĂÚÖČóäòÛãóéùÃăëãóéÚ° 
ÖóäóÈ Ɨ îÈÅ°ÜäñÂîÛëóäëČóÅòÎĂÚÖČóäòÛãóéùÃăëãóéÚ° 
 

æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 
1 ëñÿÕó (ĂÛ) Azadirachta 

indica A.Juss. 
Âæù¬â Terpenoid  
- O-chloroacetylcarbamoylfumagilol 
- betulin 
- ginsenoside 
- caryophyllene oxide 
-10-deacetylbaccatin III  

- 3-acetyl-11-keto-b-boswellic acid  
Âæù¬â Saponin  
- soyasaponin I  
Âæù¬â Alkaloid  
- ecgonine  
Âæù¬â Flavonoid  
- scutellarin  
- epicatechin  
- icariin 

(Raissa, 
Safitri, 
Beltran, Āæñ 
Aulanni³am, 
2019) 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 
- lupeol  
- rutin 

2 ìòëÅùÔÿØé 
(äóÂ) 

Kleinhovia 
hospita L. 

ăâ¬ßÛÂóääóãÈóÚ - 

3 ëâùæĀè­È 
(ÿÜæøîÂÖ­Ú) 

Cinnamomum 
bejolghota 
(Buch.-Ham.) 
Sweet 
 
. 
 
 

Âæù¬â Aldehyde 
- hexanal 
- tetradecanal 
- E-2-hexyl cinnamaldehyde 
- limonene aldehyde  
- Z-cinnamaldehyde 
Âæù¬â Alcohol 
- 1-Hexanol 

- a-amyl cinnamyl alcohol 
Âæù¬â Terpinene  
-1,8-cineole 

- -pinene 
- linalool 

- - terpinene 

- -thujene 
- c-terpinene 
- p-cymene 
- (Z)-b-ocimene 
- (E)-nerolidol 
- (E)-b-ocimene 
- camphene  
- cis-piperitol 

- endo-fenchol (-fenchol) 
- geraniol 

(Kumar, 
Kumari, Āæñ 
Mishra, 
2019) 



  20 

æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- geranyl acetate 
- germacrene-D 
- limonene 
- nerol 
- neryl acetate 
- myrcene 
- sabinene 
- spathulenol 
- terpinen-4-ol 
- terpinolene 
- trans-b-terpineol 
- trans-piperitol 

- b-caryophyllene 

- b-elemene 

- b-pinene 

- b-selinene 

- d-cadinol 

- d-guaiene (-bulnesene) 

- -cadinol 

- - humulene 

- -panasinsene 

- -phellandrene 

- - selinene 

- -terpineol 
- 13-epi-manoyl oxide 
- 3Z-cembrene A 

- 7-epi-a-selinene 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- Borneol 
- Camphor 

- E-b-ocimene 

- epi-a-cadinol 
- guaiol 
- isoborneol 
- myrcene 
- phytol 
- pinene 
- sabinene 
- sclareolide 
- terpinen-4-ol 
- Z, E-geranyl linalool 

- a-humulene 

- a-trans-bergamotene 

- a-zingiberene 

- g-terpineol 

- d-3-carene 
- p-mentha-2,4 (8)-diene 
 

4 ÿØöãÚÕČó 
(ÿâæĆÕ) 

Nigella sativa 
L. 

Âæù¬âÚČĈóâòÚìîâäñÿìã  
- thymoquinone  
- thymohydroquinone  
- thymol  

- (R) ·(-)-a-Phellandrene  

- a-Pinene  

- b-Pinene  

(Dalli ĀæñÅÚ
îøćÚ ą, ƘƖƘƘ) 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- p-Cymene  
- carvacrol  
- dithymoquinone  
Âæù¬â phenolic Āæñ flavonoid  
- gallic acid 
- ferulic acid 
- vanillic acid 
- p-coumaric acid 
- chlorogenic acid 
- catechin 
- quercetin 
- apigenin 
- rutin  
- nigelflavonoside B  
Âæù¬â Fatty Acids  
- linoleic acid (55.6%)  
- oleic acid (23.4%)  
- palmitic acid (12.5%)  
- stearic acid 
- lauric acid 
- myristic acid 
- linolenic acid  
- eicosadienoic acid  

5 āÂÑÂäñÕúÂ 
(äóÂ) 

Aucklandia 
lappa (Decne.) 
Decne. 

Âæù¬â sesquiterpene lactones  
- costunolide 
- dihydrocostunolide 
- 12-methoxydihydrocostunolide 
- dihydrocostus lactone 

(Liu, Li, 
Wang, 
Zhang, Āæñ 
Liu, 2021) 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- dehydrocostus lactone 

- h-hydroxydehydrocostus lactone 

- ̡-hydroxydehydrocostus lactone 
- mokko lactone 
- cynaropicrin 
 

6 ÉòÚØÚ°ÿØé
(Ýæ) 

Myristica 
fragrans Houtt. 

- bicyclo[3.1.0[hex-2-ene, 4-methyl-
1-(1-methylethyl)- 
- bicyclo[3.1.0[hex-4-methylene-1-(1-
methylethyl)- 
- 1,3-cyclohexadiene,1-mwthyl-4-(1-
methylethyl)- 

- g-terpinene 
- cyclohexanol, 1-methyl-4-(1-methyl 
ethyl)- 
- cyclohexanol,1-methyl-4-(1-
methylethenyl)-cis- 
- 3-cyclohexe, 1-ol-4-methyl-1-(1-
methyl ethyl)-(R)- 

- a-terpineol 
- anethole 
- 1,3-benzodioxole, 5-(1-propenyl)-
safrole 
- thymol 

- a-Copaene 
- eugenol 
- methyl eugenol 
- caryophyllene 

(Al-Qahtani 
ĀæñÅÚîøćÚ ą, 
2022) 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- trans-isoeugenol 
- benzene1,2-dimethoxy-4-(1-
propenyl)- 
- naphthalene, 1,2,3,5,6a-hexahydro-
4·7-dimethyl-1-(1-methyl ethyl) -(1S-
cis)- 
- 1,3-benzodioxole,4-methoxy-6-(2-
propenyl)- 
- benzene1,2,3-trimethoxy-5-(2-
propenyl)- (or) Elemicin 
- phenol,2,6-dimethoxy-4-(2-
propenyl)- 
- isoelemicin 
- tetradecanoic acid 

7 ÛùÚÚóÅ 
(ÕîÂ) 

Mesua ferrea 
L. 

- mesuaferrone A  
- mesuaferrone B 
- mesuaferrol 
- mesuanic acid 

- a - amyrin 

- b - amyrin 

- ̡ · sitosterol 

(Nadpara, 
Vaghela, 
Āæñ Patel, 
2012) 

8 ßäõÂăØã 
(Ýæ) 

Piper nigrum L - piperanine 
- piperine 
- piperdardine 
- piperettine I 
- piperettine II 
- piperettine III 
- piperettine IV 

(Luca, 
Minceva, 
Gertsch, 
Āæñ 
Skalicka-

Woȋniak, 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- dehydropipernonaline 
- pipernonaline 
- piperolein B 
- piperundecalidine 
- piperchabamide B 
- piperchabamide C 
- futoamide 
- pipercallosine 
- retrofractamide B 
- pipgulzarin 
- guineensine 
- piperflaviflorine 
- dehydrobrachystamide B 
- brachystamide B 
- pellitorine 
- N-isobutyl-2,4-dodecadienamide 
- N-isobutyl-2,4,10-
hexadecatrienamide 
- N-isobutyl-2,4,10,12- 
octadecatetraenamide 
- N-isobutyl-2,4,12- 
octadecatrienamide 
- N-isobutyl-2,4,14-eicosatrienamide 
- N-isobutyl-2,4-eicosadienamide 
- N-isobutyl-2,4-octadecadienamide 
- neopellitorine B 
- 1-(piperidinyl)-2,8-tetradecadien-1- 
one 

2021) 



  26 

æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- 1-(piperidinyl)-2-tetradecen-1-one 
- 1-(piperidinyl)-2,4,12-octadecatrien-
1-one 
- 1-(piperidinyl)-2-hexadecen-1-one 
- 1-(piperidinyl)-2,4-octadecadien-1- 
one 
- 1-(piperidinyl)-2,4-eicosadien-1- 
one 
piperyline 
- brachyamide A 
- piperolactam C 
- piperlongumine 

9 ÃõÈĀì­È 
(ÿìÈ­ó) 

Zingiber 
officinale 
Roscoe 

Âæù¬â Terpene 

- h -terpinene 

- h -terpineol 
- 4-terpineol 
- terpinolene 
- c-terpinolene 
Âæù¬â Alcohol 
- cineole 

- ̡ -Eudesmol 
- nerol 
- trans-nerolidol 
- 4-isopropylbenzyl alcohol 
- 3,7-dimethylocta-1,6-dien-3-ol 
- 3,7-dimethyloct-6-en-1-yn-3-ol 
- 3-methylhexan-2-ol 
- cis-piperitol 

(Nishidono 
ĀæñÅÚîøćÚ ą, 
2018) 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- borneol 
- elemol 
Âæù¬â Aldoketone 
- butanal 
- germacrone 
- 2,6-dimethylhept-5-enal 
- 2-heptanone 
Âæù¬â ester 
- neryl acetate 
- methyl 11-(cyclopent-2-enyl) 
undecanoate 
- geranyl propionate 
- endo-bornyl acetate 
- sec-butyl acetate 
Âæù¬â Fat hydrocarbon 
- allo-aromadendrene 

- ̡ -sesquiphellandrene 

- h -cedrene 

- ̡ -tujene 
- cadina-5,8-diene 
- (E)-2,7-dimethyloct-3-en-5-yne 

10 ÕöÜæö 
(Ýæ) 

Piper 
retrofractum 
Vahl 

- piperanine 
- piperine 
- piperdardine 
- piperettine I 
- piperettine II 
- piperettine III 
- piperettine IV 

(Luca, 

GaweƱπ

bťben, Āæñ
ÅÚîøćÚ ą, 
2021) 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- dehydropipernonaline 
- pipernonaline 
- piperolein B 
- piperundecalidine 
- piperchabamide B 
- piperchabamide C 
- futoamide 
- pipercallosine 
- retrofractamide B 
- pipgulzarin 
- guineensine 
- piperflaviflorine 
- dehydrobrachystamide B 
- brachystamide B 
- pellitorine 
- N-isobutyl-2,4-dodecadienamide 
- N-isobutyl-2,4,10-
hexadecatrienamide 
- N-isobutyl-2,4,10,12- 
octadecatetraenamide 
- N-isobutyl-2,4,12- 
octadecatrienamide 
- N-isobutyl-2,4,14-eicosatrienamide 
- N-isobutyl-2,4-eicosadienamide 
- N-isobutyl-2,4-octadecadienamide 
- Neopellitorine B 
- 1-(piperidinyl)-2,8-tetradecadien-1- 
one 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- 1-(piperidinyl)-2-tetradecen-1-one 
- 1-(piperidinyl)-2,4,12-octadecatrien-
1-one 
- 1-(piperidinyl)-2-hexadecen-1-one 
- 1-(piperidinyl)-2,4-eicosadien-1- 
one 
- piperyline 
- brachyamide A 
- piperolactam C 
- piperlongumine 
- piperlonguminine 
- piperolein A 
- neopeollitorine B 
- piperolein B 
-piperundecalidine 
- guineensine 
- N-isobutyl-2,4,12- 
octadecatrienamide 

11 ÂòÎËó (ĂÛ) Cannabis 
sativa L 

CBG cannabigerol-type 
- cannabigerovarinic Acid (CBGVA) 
- 6,7-epoxy-Cannabigerol 
- 6,7-epoxy-Cannabigerolic Acid 
- cannabigerol (CBG) 
CBD (cannabidiol)-type 
- cannabidiorcin (CBDO) 
- cannabidivarin (CBDV) 
- cannabidivarinic Acid (CBDVA) 
- Nor-cannabidiol 

(Radwan, 
Chandra, 
Gul, Āæñ 
Elsohly, 
2021) 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- Nor-cannabidiolic Acid 
- cannabidiol (CBD) 
- cannabidiolic Acid (CBDA)  

ɲ9-THC tetrahydrocannabinol-type 
- tetrahydrocannabivarin (THCV) 
- delta-9-Tetrahydrocannabivarinic 
acid (THCVA) 
- nor-delta-9-tetrahydrocannabinol  
- nor-tetrahydrocannabinolic acid 
- delta-9-tetrahydrocannabinol (THC)  
- tetrahydrocannabinolic acid (THCA) 
CBC cannabichromene-type 
- cannabichromeorcin (CBCO) 
- cannabichromevarin (CBCV) 
- cannabichromevarinic Acid 
(CBCVA) 
- nor-cannabichromene  
- nor-cannabichromenic Acid 
- cannabichromene (CBC) 
- cannabichromenic Acid (CBCA) 
Flavonoids 
- cannflavin A 
- cannflavin B 
- cannflavin C 
Lignans 
- N-trans-coumaroyltyramine 
- N-trans-feruloyltyramine 
- N-trans-caffeoyltyramine 
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æČóÕòÛ ËøćîëâùÚăßä ËøćîèõØãóéóëÖä° ëóäëČóÅòÎ î­óÈîõÈ 

- cannabisin D 
- grossamnide 
Stilbenoids 
- denbinobin 
- canniprene 1 
- cannithrene 2 
- cannabistilbene I 
- dihydroresveratrol 
- cannabispiran 
- cannabispirenone 
- cannabispiradienone 
- cannabispiranol 
Alkaloids 
- hordenine 

12 ÂóäÛúä 
 

  Camphor 
 

 
ÖóäóÈ Ƙ ĀëÕÈÃ­îâúæåØÙõċØóÈËöèáóßÃîÈÖČóäòÛãóéùÃăëãóéÚ° 
 

æČóÕòÛ Ëøćî
èõØãóéóëÖä° 

èõÙöÂóäëÂòÕ èõÙöÂóäèõÿÅäóñì° Ã­îâúæäóãÈóÚ 
(IC50) 

î­óÈîõÈ 

1 Azadirachta 
indica 
A.Juss. 

ăâ¬ßÛÂóääóãÈóÚåØÙõċãòÛãòĈÈÿîÚăÌâ° acetylcholinesterase 

2 Kleinhovia 
hospita L. 

ăâ¬ßÛÂóääóãÈóÚåØÙõċãòÛãòĈÈÿîÚăÌâ° acetylcholinesterase 
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æČóÕòÛ Ëøćî
èõØãóéóëÖä° 

èõÙöÂóäëÂòÕ èõÙöÂóäèõÿÅäóñì° Ã­îâúæäóãÈóÚ 
(IC50) 

î­óÈîõÈ 

3 Cinnamomum 
bejolghota 
(Buch.-Ham.) 
Sweet 

  IC50 = 5.2Į0.0 

mg/ml 
(DPPH) 

(S Āæñ
ÅÚîøćÚ ą, 
2015) 

4 Nigella sativa 
L. 

  IC50 = >200 

mg/ml 
(DPPH) 

(S Āæñ
ÅÚîøćÚ ą, 
2015) 

5 Aucklandia 
lappa 
(Decne.) 
Decne. 

ăâ¬ßÛÂóääóãÈóÚåØÙõċãòÛãòĈÈÿîÚăÌâ° acetylcholinesterase 

6 Myristica 
fragrans 
Houtt. 

ethyl acetate  trimyristin 
Āæñ ƛ,7-
diacetyl 
chrysin 
high 
neuroprotecti
vity 
(Omidpanah 
ĀæñÅÚîøćÚ ą, 
2022) 
IC50 = 48.2 ± 

1.5 mg/ml 
(DPPH) (S 

(Omidpa
nah Āæñ
ÅÚîøćÚ ą, 
2022; S 
ĀæñÅÚ
îøćÚ ą, 
2015)  
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æČóÕòÛ Ëøćî
èõØãóéóëÖä° 

èõÙöÂóäëÂòÕ èõÙöÂóäèõÿÅäóñì° Ã­îâúæäóãÈóÚ 
(IC50) 

î­óÈîõÈ 

ĀæñÅÚîøćÚ ą, 
2015) 

7 Mesua ferrea 
L. 

methanol  IC50 = 
94.26Į5.93 

mg/ml 
(DPPH)  

(Chaitha
da, 

Supapan
, 

Rodthuk, 
Āæñ 

Chainaro
ng, 
2018) 

8 Piper nigrum 
L. 

Methanol[33] LC-
HRMS/MS[33] 

 IC50 = 25.46 

mg/ml 
(AchEI) 
(Tappayuthpij
arn ĀæñÅÚîøćÚ 
ą, ƘƖƗƘ) 
IC50 = >200 

mg/ml 
(DPPH)         
(S ĀæñÅÚîøćÚ 
ą, 2015) 

(Tappay
uthpijarn 
ĀæñÅÚ
îøćÚ ą, 
2012) 

(S Āæñ
ÅÚîøćÚ ą, 
2015) 

(Luca, 

GaweƱπ

bťben, 
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æČóÕòÛ Ëøćî
èõØãóéóëÖä° 

èõÙöÂóäëÂòÕ èõÙöÂóäèõÿÅäóñì° Ã­îâúæäóãÈóÚ 
(IC50) 

î­óÈîõÈ 

ĀæñÅÚ
îøćÚ ą, 
2021) 

9 Zingiber 
officinale 
Roscoe 

  IC50 = >300 

mg/ml 
(AchEI) 
(Tappayuthpij
arn ĀæñÅÚîøćÚ 
ą, 2012)  
IC50 = 52.5 Į 

3.3 mg/ml 
(DPPH)  

(S Āæñ
ÅÚîøćÚ ą, 
2015; 
Tappayu
thpijarn 
ĀæñÅÚ
îøćÚ ą, 
2012)  

(Tappay
uthpijarn 
ĀæñÅÚ
îøćÚ ą, 
2012)  

10 Piper 
retrofractum 
Vahl 

Methanol [33] LC-HRMS/MS 
[33] 

IC50 = 51.60 

mg/ml 
(AchEI)  
IC50 = >200 

mg/ml 
(DPPH) (S 
ĀæñÅÚîøćÚ ą, 

(Tappay
uthpijarn 
ĀæñÅÚ
îøćÚ ą, 
2012) 

(S Āæñ
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æČóÕòÛ Ëøćî
èõØãóéóëÖä° 

èõÙöÂóäëÂòÕ èõÙöÂóäèõÿÅäóñì° Ã­îâúæäóãÈóÚ 
(IC50) 

î­óÈîõÈ 

2015) ÅÚîøćÚ ą, 
2015) 

11 Cannabis 
sativa L. 

  IC50 = 30 

mg/ml 
(AchEI) ëÂòÕ
Õ­èã Dichoro  
methane 

(Erukain
ure Āæñ
ÅÚîøćÚ ą, 
2020) 

12 Camphor  RT-PCR 1. ÿßõćâÂóä
ĀëÕÈîîÂ 
ÃîÈãöÚ Bcl-2  
Ì÷ćÈÿÂöćãèÃ­îÈÂòÛ
ÂóäãòÛãòĈÈ
ÂäñÛèÚÂóä
ÖóãÃîÈÿÌææ°
ĀÛÛ
apoptosis 
Ƙ. ÿßõćâÿîÚăÌâ°
Ö­óÚîÚùâúæ
îõëäñ ÿË¬Ú 
GPX 
(Glutathione 
preoxidase)
ĀæñÿîÚăÌâ° 
CAT 

(Valibeik 
ĀæñÅÚ
îøćÚ ą, 
2021) 

 



 

ÛØØöć 3 

èõÙöÕČóÿÚõÚÂóäèõÉòã 

1. îùÜÂäÔ°ĀæñÿÅäøćîÈâøî 
1. ÅîâßõèÿÖîä°äù¬ÚØöćâö RAM 16 GB ÿÜĆÚÖ­ÚăÜ 
2. āÜäĀÂäâØöćÿÂöćãèÃ­îÈ 

      2.1 āÜäĀÂäâ AutodockTools 1.5.6 

       2.2 āÜäĀÂäâ Swiss-PDBViewer 

       2.3 āÜäĀÂäâ BIOVIA Discovery Studio Visualizer 2019 

3. Ligand: āÅäÈëä­óÈëóââõÖõÃîÈëóäëČóÅòÎÉóÂëâùÚăßäËÚõÕÖ¬óÈ ą 
4. pipette aid (SCILOGEX levo plus) 
5. beaker ÃÚóÕ 25, 50, 100, 250 Āæñ 1000 ml (Pyrex®, USA) 
6. blender 
7. calibration dropper 
8. centrifuge tube ÃÚóÕ 15 Āæñ 50 ml 
9. cylinder ÃÚóÕ 5 Āæñ 500 ml 
10. dispensing spoon  
11. erlenmeyer flask (Pyrex®, USA) 
12. liquid chromatography (LC-MS) 
13. hot air oven (Contherm Scientific Ltd., New Zealand) 
14. incubator (MEMMERT, Germany) 
15. microcentrifuge tube ÃÚóÕ 1.5 ml 
16. micropipette ÃÚóÕ 20 · 200 Ĳl ĀæñÃÚóÕ 100 · 1000 Ĳl (GILSON, France) 
17. multichannel micropipette ÃÚóÕ 20 - 200 Ĳl (CORNING, Poland) 
18. 96-well microplate (Sterilin, UK) 
19. microplate reader (Spectramax, USA) 
20. parafilm (BERMIS, Germany) 
21. pH meter (METTLER TOLEDO, USA) 
22. rotary evaporator (BUCHI rotavapor R-114, Switzerland) 
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23. syringe filter ÃÚóÕ 0.45 m (Fortune Sciencetific, Thailand) 
24. ultrasonic sonicator bath (POWERSONIC 410, Korea) 
25. vacuum pump (SPARMAX, Taiwan) 
26. volumetric flask ÃÚóÕ 10, 25, 50 Āæñ 100 ml (Witeg Diffigo, Germany) 
27. volumetric pipette ÃÚóÕ 1, 2, 3, 4 ÿÿæñ 5 ml 
28. vortex mixer (Scientific industries, inc.) 
29. ÿÅäøćîÈËòćÈÕõÉõÖîæ ØéÚõãâ 2 ÖČóĀìÚ¬È 
30. ÿÅäøćîÈËòćÈÕõÉõÖîæ ØéÚõãâ 4 ÖČóĀìÚ¬È (Mettler Toled, USA) 
31. ÿÅäøćîÈËòćÈÕõÉõÖîæ ØéÚõãâ 5 ÖČóĀìÚ¬È (Mettler Toled, USA) 
32. ËùÕÂäîÈ buchner funnel filtration 

2. ëóäÿÅâöØöćĂË­ 
1. 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich, USA) 

2. 5,5ǋ-dithiobis-(2-nitrobenzoic acid) (DTNB) (Sigma-Aldrich, USA) 
3. 95% ethanol  
4. acetonitrile (Merck, Germany) 
5. acetylcholine iodide (ACTI) (Sigma-Aldrich, USA) 
6. bovine serum albumin (BSA) (Sigma-Aldrich, USA) 
7. methanol (Merck, Germany) 
8. orthophosphoric acid (LabScan, Thailand) 
9. Tris (hydroxymethyl) aminomethane hydrochloride (Sigma-Aldrich, USA) 
10. ëóäâóÖäÑóÚ ascorbic acid (Sigma-Aldrich, USA) 
11. ëóäâóÖäÑóÚ galantamine (Sigma-Aldrich, USA) 

12. ëóäâóÖäÑóÚ ɲ9-THC (ÂäâèõØãóéóëÖä°ÂóäĀßØã° ÂäñØäèÈëóÙóäÔëùÃ) 
13. ëóäâóÖäÑóÚ CBD (ÂäâèõØãóéóëÖä°ÂóäĀßØã° ÂäñØäèÈëóÙóäÔëùÃ) 
14. Öòèîã¬óÈëâùÚăßä 
 14.1 ĂÛëñÿÕó (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
 14.2 ìòëÅùÔÿØé (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
 14.3 ëâùæĀè­È (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
 14.4 ÿØöãÚÕČó (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
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 14.5 āÂÑÂäñÕúÂ (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
 14.6 æúÂÉòÚØÚ° (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
 14.7 ÕîÂÛùÚÚóÅ (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
 14.8 ßäõÂăØã (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
 14.9 ÃõÈĀì­È (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
 14.10 ÕöÜæö (ä­óÚÙääâóÚùäòÂê°ãóăØã ÉòÈìèòÕäóËÛùäö) 
 14.11 ĂÛÂòÎËó (èõëóìÂõÉËùâËÚëâùÚăßäîîĀÂÚõÅîČóÿáîÿæõÈÚÂØó ÉòÈìèòÕãāëÙä) 

3. ÂóäÿÖäöãâëâùÚăßä 
 ÚČóëâùÚăßäÉČóÚèÚ ăÜîÛØöćîùÔìáúâõ 50 îÈéóÿÌæÿÌöãë ĂË­ÿèæó 4 ËòćèāâÈ ĀæñÚČóâóÛÕ
ìãóÛ āÕãĀÛ¬ÈÂóäØÕæîÈÿÜĆÚ 2 ÂóäØÕæîÈÕòÈÚöĈ 
 ÂóäØÕæîÈ A ØČóÂóäëÂòÕÕ­èãèõÙö sonication 15 ÚóØö ĀæñëÂòÕÕ­èãèõÙö maceration  
ĀË¬ëÂòÕÕ­èã dichoromethane ÿÜĆÚäñãñÿèæó Ɲ èòÚ 
 ÂóäØÕæîÈ B ØČóÂóäëÂòÕÕ­èãèõÙö sonication 15 ÚóØö ĀæñëÂòÕÕ­èãèõÙö maceration  
ĀË¬ëÂòÕÕ­èã 95% ethanol ÿÜĆÚäñãñÿèæó Ɲ èòÚ 

3.1 ÂóäëÂòÕëâùÚăßäÕ­èãèõÙöÂóäĀË¬ëÂòÕÕ­èã dichoromethane 
 3.1.1 ËòćÈëâùÚăßäìÚòÂîã¬óÈæñ 20 Âäòâ  
 3.1.2 ĀË¬ëÂòÕÕ­èã dichoromethane 200 âõææõæõÖä ÿÜĆÚÿèæó 7 èòÚ ØČóÂóäÅÚÛ¬îã ą            

ĂÚäñìè¬óÈÂóäĀË¬ëÂòÕ 
 3.1.3 ÚČóë¬èÚØöćăÕ­ăÜäñÿìãÖòèØČóæñæóãîîÂ ÿßøćîĂì­ăÕ­ëóäæñæóãÿÃ­âÃ­Ú āÕãĂË­ÿÅäøćîÈ

äñÿìãĀì­ÈëùÎÎóÂóé (rotary evaporator) 
 3.1.4 ËòćÈÚČĈóìÚòÂëóäëÂòÕÿßøćîÅČóÚèÔ % yield ĀæñÿÂĆÛĂÚÖú­ÿãĆÚîùÔìáúâõ -20 îÈéó

ÿÌæÿÌöãë  

3.2 ÂóäëÂòÕëâùÚăßäÕ­èãèõÙöÂóäìâòÂÕ­èã 95% ethanol 
 3.2.1 ÂóÂëâùÚăßäØöćăÕ­ÉóÂèõÙöÂóäĀË¬ëÂòÕÕ­èã dichoromethane ÚČóâóĀË¬ëÂòÕÕ­èã 95% 
ethanol 200 âõææõæõÖä ÿÜĆÚÿèæó 7 èòÚ ØČóÂóäÅÚÛ¬îã ą  ĂÚäñìè¬óÈÂóäìâòÂ  
 3.2.2 ÿâøćîÅäÛÿèæó ÂäîÈÝ¬óÚÂäèãÂäîÈāÕãĂË­ÂäñÕóêÂäîÈ Whatman filter paper 
No.1  
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 3.2.3 ÚČóë¬èÚØöćăÕ­ăÜäñÿìãÖòèØČóæñæóãîîÂ (ethanol) ÿßøćîĂì­ăÕ­ëóäæñæóãÿÃ­âÃ­Ú  
āÕãĂË­ÿÅäøćîÈäñÿìãĀì­ÈëùÎÎóÂóé (rotary evaporator) 
 3.2.4 ÿâøćîăÕ­ëóäæñæóãÿÃ­âÃ­Ú Ăì­×¬óãĂë¬×­èãäñÿìã (evaporating dish) ØöćăÕ­ËòćÈÚČĈóìÚòÂ 
 3.2.5 ÚČó×­èãäñÿìãăÜËòćÈìóÚČĈóìÚòÂëóäëÂòÕØöćăÕ­ÉóÂÂóäëÂòÕÿßøćîÅČóÚèÔ % yield Āæñ
ÿÂĆÛĂÚÖú­ÿãĆÚîùÔìáúâõ -20 îÈéóÿÌæÿÌöãë 

4. èõÙöÂóäØÕæîÈ 

 4.1 ÂóäÿÖäöãâëóäâóÖäÑóÚ ɲ9-THC Āæñ CBD (stock solution) ØöćÅèóâÿÃ­âÃ­Ú  
2 Ĳg/ml 
  1) ÿÖäöãâ 200 Ĳg/ml standard ÕòÈÚöĈ 

        1.1) ËòćÈëóäâóÖäÑóÚ ɲ9-THC Āæñ CBD ÚČĈóìÚòÂ ƘƖ mg 
       1.2) æñæóãĀæñÜäòÛÜäõâóÖäÕ­èã methanol 100 ml 

  2) ÿÖäöãâ Ƙ Ĳg/ml āÕãÂóäÜõÿÜÖëóäâóÖäÑóÚ ɲ9-THC Āæñ CBD ÅèóâÿÃ­âÃ­Ú 
200 Ĳg/ml ÜäõâóÖä 1 ml æñæóãĀæñÜäòÛÜäõâóÖäÕ­èã methanol 100 ml  
 4.2 ÂóäØÕëîÛÅèóâÿìâóñëâÃîÈäñÛÛ (system suitability)  
 ÿÜĆÚÂóäØÕëîÛè¬óäñÛÛāÅäâóāØÂäóàöØöćĂË­ âöÅèóâëóâóä×ĂÚÂóäĀãÂ (resolution) Āæñ
ÂóäèõÿÅäóñì°Ăì­ÝæÿìâøîÚÿÕõâØùÂÅäòĈÈ (reproducibility) ÿßöãÈßî ëČóìäòÛÂóäèõÿÅäóñì°Öòèîã¬óÈ 
ëóâóä×ØČóÂóäØÕëîÛăÕ­ÕòÈÚöĈ 

  1) ÚČó stock solution ÃîÈëóäâóÖäÑóÚ ɲ9-THC Āæñ CBD âóÿÉøîÉóÈĂì­ăÕ­
ÅèóâÿÃ­âÃ­Ú 0.6 Ĳg/ml āÕãÜõÿÜÖ stock solution âó 3 ml ĀæñÜäòÛÜäõâóÖä 
Õ­èã mobile phase 10 ml 
  2) ÂóäèõÿÅäóñì°ëáóèñÕ­èãÿÅäøćîÈ  Liquid chromatography ÕòÈÚöĈ 

  - column : Phenomenex Luna C18, (100 x 2 mm, 3 mm) 
  - MS interface : ESI 
  - Heating gas flow : 10 L/min 

  - Heat Block temperature 400 c̄ 

  - DL temperature 250 c̄ 
  - mobile phase : ÿÜĆÚäñÛÛÖòèØČóæñæóã 2 ËÚõÕ 
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   (A) 0.01% formic in 20 mM ammonium formate 
  (B) acetonitrile 

  - injection volume: 0.1 ml 
  āÕãèõÿÅäóñì° 1 ÅèóâÿÃ­âÃ­Ú ØČóÂóäèõÿÅäóñì°ÌČĈóØòĈÈìâÕ 6 ÅäòĈÈ 
  3) ØČóÂóäèõÿÅäóñì°ÖóâìòèÃ­îÖ¬óÈą ÕòÈÚöĈ 
        3.3.1 resolution (R)  Åøî ÂóäĀãÂëóäëîÈÖòèĂÚÃîÈÝëâ āÕãĂË­ëáóèñ               
Øöćÿìâóñëâ 
    3.3.2 tailing factor (T) ÿÜĆÚÂóäèòÕÅèóâëââóÖäÃîÈßöÂ 
   3.3.3 number of theoretical plate (N) ÿÜĆÚÖòèÛ¬ÈËöĈ×÷ÈÜäñëõØÙõáóß                 
ÃîÈ column 
Ȯ   3.3.4 relative standard deviation (%RSD) Åøî Å¬óä­îãæñÿÛöćãÈÿÛÚâóÖäÑóÚ
ëòâßòØÙ° ÿÜĆÚÂóäèòÕÅèóâĀâ¬ÚãČóÃîÈäñÛÛāÕãÚČó peak area, peak height  Āæñ retention time 
ØöćèòÕăÕ­ âóÅČóÚèÔÖóâëâÂóä ÕòÈÚöĈ 

%RSD
xↄ
  x 100% 

 
ÖóäóÈ ƙ ÿÂÔÒ°ØöćãîâäòÛ system suitability 
 

system suitability parameters ÿÂÔÒ°ØöćãîâäòÛ 
resolution >2.0  
tailing factor Ò2.0 

number of theoretical plate >2000 
relative standard deviation Ò1.0% 

  
 4.3 ÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈèõÙöèõÿÅäóñì° (method validation)  
  4.3.1 Specificity (ÅèóâÉČóÿßóñÃîÈèõÙöØÕëîÛ) 

   ÿßøćîĀëÕÈĂì­ÿìĆÚè¬óèõÙöèõÿÅäóñì°ÚòĈÚëóâóä×ÖäèÉèõÿÅäóñì°ăÕ­ÿÉóñÉÈëČóìäòÛëóä 
ØöćÿäóÖ­îÈÂóäé÷Âêó āÕãÜäóéÉóÂëóääÛÂèÚÉóÂëóäîøćÚ ą âöèõÙöÂóäØÕæîÈ ÕòÈÚöĈ 

  1) ÚČóëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° âóØČóÂóä spike āÕãÂóäÿÖõâëóäâóÖäÑóÚ 
Øöćäú­ÜäõâóÔ Āæñ ÅèóâÿÃ­âÃ­Ú ÛääÉùĂÚ LC vial ÉóÂÚòĈÚÚČóăÜèõÿÅäóñì°Õ­èãÿÅäøćîÈ HPLC 
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  2) ÿÜäöãÛÿØöãÛè¬ó peak ÃîÈëóäâóÖäÑóÚ ÿÿæñ peak ÃîÈëóäØöćÿäóÖ­îÈÂóä
èõÿÅäóñì°ÖäÈÂòÚìäøîăâ¬ 
  4.3.2 linearity and range  

  1) ÚČó stock solution ÃîÈëóäâóÖäÑóÚ ɲ9-THC Āæñ CBD âóÿÉøîÉóÈĂì­ăÕ­
ÅèóâÿÃ­âÃ­Ú 0.2, 0.4, 0.6, 0.8 ÿÿæñ 1.0 Ĳg/ml āÕãÜõÿÜÖ stock solution  
âó 1, 2, 3, 4 ÿÿæñ 5 ml ÖóâæČóÕòÛ Āæñ ÜäòÛÜäõâóÖäÕ­èã mobile phase 10 ml 

  2) ÛääÉùĂÚ LC vial ÿÿæñÚČóăÜèõÿÅäóñì°Õ­èãÿÅäøćîÈ LC-MS āÕãèõÿÅäóñì°ØòĈÈìâÕ 
5 ÅèóâÿÃ­âÃ­Ú vial æñ 2 ÅäòĈÈ ØČóÌČĈó 3 ÅäòĈÈ 

  3) ëä­óÈ calibration curve ÉóÂ peak area ÿÿæñìóëâÂóäÿë­ÚÖäÈÂòÛ 
correlation coefficient (r) 
  4.3.3 limit of detection (LOD) Āæñ limit of quantitation (LOQ) 
âöèõÙöÂóäØÕæîÈÕòÈÚöĈ 

 1) ÚČó stock solution ÃîÈëóäâóÖäÑóÚ ɲ9-THC Āæñ CBD âóÿÉøîÉóÈÕ­èã methanol 
Āæñ mobile phase Ăì­ăÕ­ÅèóâÿÃ­âÃ­Ú ÖóâØöćÅČóÚèÔăÕ­ÉóÂëâÂóäÃîÈ LOD Āæñ LOQ  

 2) ÛääÉùĂÚ LC vial ÿÿæñÚČóăÜèõÿÅäóñì°Õ­èãÿÅäøćîÈ LC-MS 
 3) ĀØÚÅ¬ó peak area ØöćăÕ­ æÈĂÚëâÂóäÿë­ÚÖäÈÃîÈ calibration curve ÿßøćîÖäèÉëîÛ 

Õúè¬óëóâóä×ÖäèÉßÛ peak ØöćÅèóâÿÃ­âÃ­ÚÃîÈ LOD ìäøîăâ¬ Āæñ ëóâóä×èõÿÅäóñì°ÜäõâóÔëóä          
ØöćÅèóâÿÃ­âÃ­ÚÃîÈ LOQ ăÕ­îã¬óÈ×úÂÖ­îÈ Āæñ Āâ¬ÚãČóìäøîăâ¬ āÕãÕúÉóÂ %recovery Āæñ %RSD 
 4.3.4 Accuracy  

 1) ÚČó stock solution ÃîÈëóäâóÖäÑóÚ ɲ9-THC Āæñ CBD âóÿÉøîÉóÈĂì­ăÕ­ 
ÅèóâÿÃ­âÃ­Ú 0.4, 0.6 ÿÿæñ 0.8 Ĳg/ml āÕãÜõÿÜÖ stock solution âó 2, 3 ÿÿæñ 4 ml ÖóâæČóÕòÛ 
Āæñ ÜäòÛÜäõâóÖäÕ­èã mobile phase ÉÚÅäÛƗƖ ml 

  2) ÛääÉùĂÚ LC vial ÿÿæñÚČóăÜèõÿÅäóñì°Õ­èãÿÅäøćîÈ LC-MS āÕãèõÿÅäóñì°ØòĈÈìâÕ 3  
ÅèóâÿÃ­âÃ­Ú ÉČóÚèÚ vial æñ Ƙ ÅäòĈÈ ØČóÌČĈó 3 ÅäòĈÈ 

 3) ĀØÚÅ¬ó peak area ØöćăÕ­ æÈĂÚëâÂóäÿë­ÚÖäÈÃîÈ calibration curve ÿßøćîìóÜäõâóÔ 
ØöćèõÿÅäóñì°ăÕ­ ÿÿæñ ÚČóăÜÅČóÚèÔìó %recovery ÉóÂëâÂóä ÕòÈÚöĈ 

%recovery = 
ÜäõâóÔØöćèõÿÅäóñì°ăÕ­

ÜäõâóÔØöćâöîãú¬ÉäõÈ
 x 100% 
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ÖóäóÈ ƚ ÿÂÔÒ°ØöćãîâäòÛ %recovery Öóâ AOAC 2012  

 
 4.3.5 Precision  

 âöèõÙöÂóäØÕëîÛÕòÈÚöĈ 

  1) ÚČó stock solution ÃîÈëóäâóÖäÑóÚ ɲ9-THC Āæñ CBD âóÿÉøîÉóÈĂì­ăÕ­ÅèóâÿÃ­âÃ­Ú 
0.4, 0.6 ÿÿæñ 0.8 Ĳg/ml āÕãÜõÿÜÖ stock solution âó 2, 3 ÿÿæñ 4 ml ÖóâæČóÕòÛ Āæñ  
ÜäòÛÜäõâóÖäÕ­èã mobile phase ÉÚÅäÛ 10 ml 

  2) ÛääÉùĂÚ LC vial ÿÿæñÚČóăÜèõÿÅäóñì°Õ­èãÿÅäøćîÈ LC-MS āÕãèõÿÅäóñì°ØòĈÈìâÕ  
3 ÅèóâÿÃ­âÃ­Ú vial æñ 2 ÅäòĈÈ ØČóÌČĈó 3 ÅäòĈÈ ĂÚèòÚÿÕöãèÂòÚ (Inter-day precision) ÿÿæñ ØČóÌČĈó  
3 ÅäòĈÈ ĂÚèòÚØöćÿÿÖÂÖ¬óÈÂòÚîã¬óÈÚ­îã 3 èòÚ (intra-day precision) 

 3) ĀØÚÅ¬ó peak area ØöćăÕ­ ăÜĀØÚÅ¬óæÈĂÚëâÂóäÿë­ÚÖäÈÃîÈ calibration curve ÿßøćîìó
ÜäõâóÔØöćèõÿÅäóñì°ăÕ­ ÿÿæñÚČóăÜÅČóÚèÔìó %RSD 

 
 
 
 
 
 
 

concentration recovery 
100 % 98-101 % 
10 % 95-102 % 
1 % 92-105 % 
0.1 % 90-108 % 
0.01 % 85-110 % 

10 mg/g (ppm) 80-115 % 

1 mg/g (ppm) 75-120 % 

10 mg/kg (ppb) 70-125 % 
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ÖóäóÈ ƛ ÿÂÔÒ°ØöćãîâäòÛ %RSD Öóâ AOAC 2012  
 

5. ÂóäèõÿÅäóñì°ìóÜäõâóÔ ɲ9-THC Āæñ CBD ĂÚëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° 
 5.1 ÚČóëóäëÂòÕ âóØČóÂóäÿÉøîÉóÈÕ­èã methanol ÿÿæñ mobile phase Ăì­ăÕ­ÅèóâÿÃ­âÃ­Ú
îãú¬ĂÚË¬èÈÃîÈ calibration curve 
 5.2 ÛääÉùĂÚ LC vial ÿÿæñÚČóăÜèõÿÅäóñì°Õ­èãÿÅäøćîÈ LC-MS āÕãèõÿÅäóñì°ØòĈÈìâÕ 3 Åèóâ
ÿÃ­âÃ­Ú vial æñ 2 ÅäòĈÈ 
  5.3 ĀØÚÅ¬ó peak area ØöćăÕ­ ăÜĀØÚÅ¬óæÈĂÚëâÂóäÿë­ÚÖäÈÃîÈ calibration curve           

ÿßøćîìóÜäõâóÔØöćèõÿÅäóñì°ăÕ­ ÿÿæñÿÜäöãÛÿØöãÛÜäõâóÔÃîÈëóä ɲ9-THC Āæñ CBD ØöćëÂòÕăÕ­ÉóÂ
ÿÿÖ¬æñèõÙö ØòĈÈÚöĈÖČóäòÛãó authentic ăâ¬ăÕ­Ăë¬ÂóäÛúäĂÚëúÖäÖČóäòÛ ÿÚøćîÈÉóÂÿÜĆÚëóäØöćäñÿìãÈ¬óã  
ăâ¬ÿìâóñëâÂòÛÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈâøî LC-MS/MS 

6. ÂóäØÕëîÛåØÙõċÂóäãòÛãòĈÈÿîÚăÌâ° acetylcholinesterase 
 6.1 ÂóäÿÖäöãâëóäæñæóãëČóìäòÛĂË­ĂÚÂóäØÕëîÛ 

 1) 50 mM TRIS/HCl buffer (pH 8)  
  - æñæóãĀæñÜäòÛÜäõâóÖäÕ­èã water for injection 
 2) ëóäæñæóãÿîÚăÌâ° AChE ÅèóâÿÃ­âÃ­Ú 0.2 units/ml 
  - ËòćÈÿîÚăÌâ° AChE 0.073 mg (1 unit = 0.0073 mg) 

concentration repeatability reproducibility 
100 % 1 % 2 % 
10 % 1.5 % 3 % 
1 % 2 % 4 % 
0.1 % 3 % 6 % 
0.01 % 4 % 8 % 

10 mg/g (ppm) 6 % 11 % 

1  mg/g (ppm) 8 % 16 % 

10  mg/kg (ppb) 15 % 32 % 



  44 

  - æñæóãĀæñÜäòÛÜäõâóÖäÕ­èã 0.1% BSA ĂÚ 50 mM TRIS/HCl buffer (pH 8) 
ÉÚÅäÛ 5 ml ăÕ­ÅèóâÿÃ­âÃ­Ú 2 unit/ml 

  - ÜõÿÜÖëóäæñæóãâó 1 ml ÜäòÛÜäõâóÖäÕ­èã 0.1% BSA ĂÚ 50 mM TRIS/HCl 
buffer  (pH 8) ÉÚÅäÛ 10 ml ăÕ­ÅèóâÿÃ­âÃ­Ú Ɩ.2 unit/ml 

 3) 1.5 mM acetylcholine iodide (ACTI)  
  - ËòćÈ ACTI 0.01084 g æÈĂÚ volumetric flask ÃÚóÕ 25 ml 
  - æñæóãĀæñÜäòÛÜäõâóÖäÕ­èã 50 mM TRIS/HCl buffer (pH 8) 
 4) 3 mM DTNB  
  - ËòćÈ DTNB 0.0594525 g æÈĂÚ volumetric flask ÃÚóÕ 25 ml 
  - æñæóãĀæñÜäòÛÜäõâóÖäÕ­èã ƛƖ mM TRIS/HCl buffer (pH 8) 
 5) galantamine ÅèóâÿÃ­âÃ­Ú 1 mg/ml (positive control) 
  - ËòćÈëóäâóÖäÑóÚ galantamine 0.001 g æÈĂÚ microcentrifuge tube  
  - æñæóãÕ­èã ƛƖ mM TRIS/HCl buffer (pH 8) 1 ml 
 6) ëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° (sample) 
  - ËòćÈëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° Ɩ.ƖƖ4 g Ăë¬ĂÚ microcentrifuge tube  
  - æñæóãÕ­èã ƛƖ mM TRIS/HCl buffer (pH 8) 1 ml 
  - ÿÉøîÉóÈĂì­ăÕ­ÅèóâÿÃ­âÃ­Ú 0.125, 0.25, 0.5, 1 Āæñ 2 mg/ml (stock) 
 6.2 ØČóÂäóàâóÖäÑóÚäñìè¬óÈ ëóäæñæóãâóÖäÑóÚ galantamine ÅèóâÿÃ­âÃ­Ú 0.125, 

0.25, 0.5, 1 Āæñ 2 µg/ml (final conc.) ÂòÛ %inhibition  
 6.3 ÂóäØÕëîÛåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE ÃîÈëóäÖòèîã¬óÈ 
  - ÿÖõâÿîÚăÌâ° AChE ÅèóâÿÃ­âÃ­Ú 0.2 unit/ml ØöćØČóæñæóãÕ­èã 0.1 % BSA  

ĂÚ 50 mM TRIS/HCL buffer (pH 8) ÜäõâóÖä 25 Ĳl 
  - ÿÖõâÖòèîã¬óÈØöćæñæóãĂÚ 50 mM TRIS/HCL buffer (pH 8) ÜäõâóÖä 25 Ĳl 
  - Incubate ĂÚ incubator ØöćîùÔìáúâõ 37 ĭC ÜĆÚÿèæó 15 ÚóØö 
  - ÿÖõâ 1.5 mM ATCI ÜäõâóÖä 25 Ĳl 
  - ÿÖõâ 3 mM ÃîÈ DTNB ĂÚ 50 mM TRIS/HCL buffer (pH 8) ÜäõâóÖä 125 Ĳl 
  - Incubate ĂÚ incubator ØöćîùÔìáúâõ 37 ĭC ÿÜĆÚÿèæó 15 ÚóØö 
 6.4 èòÕÅ¬óÂóäÕúÕÂæøÚĀëÈÕ­èã microplate reader ØöćÅèóâãóèÅæøćÚ 405 nm 
 6.5 ØČóÂóäØÕæîÈØöćÿÜĆÚîõëäñÖ¬îÂòÚØòĈÈìâÕ 3 ÅäòĈÈ ĀÖ¬æñÅäòĈÈØÕëîÛ 3 ÌČĈó 
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 6.6 ÚČóÅ¬óÂóäÕúÕÂæøÚĀëÈăÜÅČóÚèÔìó %inhibition ÉóÂëúÖä 
 

% ὍὲὬὭὦὭὸὭέὲ1
ὃ ίὥάὴὰὩὃ ὦὰὥὲὯ ίὥάὴὰὩ

ὃ ὧέὲὸὶέὰὃ ὦὰὥὲὯ ὧέὲὸὶέὰ
ὼ 100 

 
āÕãØöć Asample   Åøî Å¬óÂóäÕúÕÂæøÚĀëÈÃîÈëóäØÕëîÛØöćØČóÜÐõÂõäõãó                           
Ablank sample   Åøî Å¬óÂóäÕúÕÂæøÚĀëÈÃîÈëóäØÕëîÛØöćăâ¬ăÕ­ØČóÜÐõÂõäõãó                          
A control        Åøî Å¬óÂóäÕúÕÂæøÚĀëÈÃîÈÿîÚăÌâ°ØöćØČóÜÐõÂõäõãóÂòÛ substrate 
Ablank control   Åøî Å¬óÂóäÕúÕÂæøÚĀëÈÃîÈ substrate Øöćăâ¬ăÕ­ØČóÜÐõÂõäõãóÂòÛÿîÚăÌâ° 
 6.7 ÅČóÚèÔÅ¬óÅèóâÿÃ­âÃ­ÚÃîÈëóäØÕëîÛØöćëóâóä×ãòÛãòĈÈÿîÚăÌâ° AChE  ăÕ­ä­îãæñ 50 
ìäøî IC50 āÕãëä­óÈÂäóàÅèóâëòâßòÚÙ° (calibration curve) ÃîÈ %inhibition ØöćÅèóâÿÃ­âÃ­ÚÖ¬óÈ ą 

7. ÂóäØÕëîÛåØÙõċÖ­óÚîÚùâúæîõëäñÕ­èãèõÙö DPPH Scavenging Assay 
 7.1 ëóäëÂòÕìãóÛÃîÈÖČóäòÛãóéùÃăëãóéÚ° 
  7.1.1 ËòćÈëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° Ɩ.ƖƖ1 g Ăë¬ĂÚ microcentrifuge tube  
  7.1.2 æñæóãÕ­èã methanol ÉÚăÕ­ÜäõâóÖä 1 ml 
  7.1.3 ÿÉøîÉóÈĂì­ăÕ­ÅèóâÿÃ­âÃ­Ú 12.5, 25, 50, 100, 200 µg/ml (stock) 
 7.2 ÿÖäöãâëóäæñæóã positive control (Ascorbic acid) ÅèóâÿÃ­âÃ­Ú Ɨ mg/ml 
  7.2.1 ËòćÈ Ascorbic acid 1 mg ĂÚ volumetric flask ÃÚóÕ 1 ml 
  7.2.2 æñæóãĀæñÜäòÛÜäõâóÖäÕ­èã methanol ÉÚăÕ­ÜäõâóÖä Ɨ ml 
 7.3 ÿÖäöãâëóäæñæóã DPPH ÅèóâÿÃ­âÃ­Ú 0.6 mM  
  7.3.1 ËòćÈ DPPH 0.00236 g ĂÚ volumetric flask ÃÚóÕ 10 ml 
  7.3.2 æñæóãĀæñÜäòÛÜäõâóÖäÕ­èã methanol ÉÚăÕ­ÜäõâóÖä ƗƖ ml 
 7.4 ØČó system suitability āÕãĂË­ëóäæñæóãâóÖäÑóÚ trolox ÅèóâÿÃ­âÃ­Ú 25, 50, 100, 
200 Āæñ 400 Ĳg/ml (final conc.) ÿÖõâëóäæÈĂÚ 96-wells microplate ÖóâæČóÕòÛ Āæ­èÚČóâó
ëä­óÈÂäóàÅèóâëòâßòÚÙ°äñìè¬óÈÅèóâÿÃ­âÃ­ÚÂòÛ %inhibition ĀæñìóÅ¬ó correlation coefficient 
(rį) ÃîÈëâÂóäÿë­ÚÖäÈ 
 7.5 ÜõÿÜÖëóäæÈĂÚ 96 well plate ÕòÈÖóäóÈ 
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ÖóäóÈ Ɯ ÃòĈÚÖîÚÂóäÜõÿÜÖëóäæÈĂÚ 96 well plate ÃîÈÂóäØÕëîÛåØÙõċÖ­óÚîÚùâúæîõëäñ         
Õ­èãèõÙö DPPH Scavenging Assay 
 

  
 7.6 ÖòĈÈØõĈÈăè­ĂÚØöćâøÕØöćîùÔìáúâõì­îÈ ÿÜĆÚÿèæó 30 ÚóØö 
 7.7 èòÕÅ¬óÂóäÕúÕÂæøÚĀëÈÕ­èã microplate reader ØöćÅèóâãóèÅæøćÚ ƛƗƛ nm  
 7.8 ØČóÂóäØÕæîÈØöćÿÜĆÚîõëäñÖ¬îÂòÚØòĈÈìâÕ 3 ÅäòĈÈ ĀÖ¬æñÅäòĈÈØÕëîÛ ƙ ÌČĈó 
 7.9 ÅČóÚèÔìó % radical scavenging ĀæñÅČóÚèÔìó IC50 āÕãÂóäëä­óÈÂäóà
ÅèóâëòâßòÚÙ° (Calibration curve) ÃîÈ % radical scavenging ØöćÅèóâÿÃ­âÃ­ÚÖ¬óÈ ą  

8. ÂóäØČóāâÿæÂùæóä°ÕîÂÂõÈ (Molecular docking) 
 1. ëøÛÅ­ÚÃ­îâúæØöćÿÂöćãèÃ­îÈ 

      1.1 ØÛØèÚÈóÚèõÉòãÿÂöćãèÂòÛëóäëČóÅòÎĂÚëâùÚăßä 

      1.2 ØÛØèÚÈóÚèõÉòãØöćÿÂöćãèÃ­îÈÂòÛ molecular docking ÃîÈëóäëČóÅòÎ 

ĂÚëâùÚăßäÂòÛÿîÚăÌâ° AChE 

 2. ÖõÕÖòĈÈāÜäĀÂäâØöćÿÂöćãèÃ­îÈÂòÛÂóäØČó molecular docking 

      2.1 é÷ÂêóèõÙöĂË­āÜäĀÂäâØöćÿÂöćãèÃ­îÈ 

 3. ÕČóÿÚõÚÂóäØČó molecular docking ÕòÈÚöĈ 

      3.1 ÂóäÿÖäöãâāÅäÈëä­óÈëóäëČóÅòÎÃîÈëâùÚăßäØöćÉñĂË­ĂÚÂóäØÕæîÈ (Ligand) 

           3.1.1 ÕóèÚ°āìæÕæõĀÂÚÕ°ØöćÖ­îÈÂóäÉóÂ PubChem āÕãÿæøîÂÚóâëÂùæ

ăàæ°ÿÜĆÚ .sdf 

 DPPH solution (Ĳl) Methanol (Ĳl) Sample (Ĳl) Ascorbic acid (Ĳl) 
Sample 100 - 100 - 
Blank sample - 100 100 - 

Negative 
control 

100 100 - - 

Positive 
control 

100 - - 1100 
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            3.1.2 ìóÂāÅäÈëä­óÈăâ¬ëóâóä×ÕóèÚ°āìæÕăÕ­Ö­îÈèóÕāÅäÈëä­óÈëóââõÖõ

ÃîÈæõĀÂÚÕ°Õ­èã āÜäĀÂäâ ChemDraw Ultra 12.0 Āæñ Chem3D pro 12.0  

  3.2 ÂóäÿÖäöãâāÜäÖöÚØöćÿÜĆÚÿÜ­óìâóã AChE 

           3.2.1 ÕóèÚ°āìæÕāÅäÈëä­óÈÉóÂÿèĆÛăÌÖ° RCSB Protein data bank            

āÕãÿæøîÂÚóâëÂùæăàæ°ÿÜĆÚ .pdb 

      3.3 ÕČóÿÚõÚÂóäØČó molecular docking āÕãĂË­āÜäĀÂäâ AutodockTools 1.5.6 

           3.3.1 ÿÜõÕāÜäĀÂäâĀæñÿÜõÕăàæ° AChE ßä­îâÂòÛæõĀÂÚÕ° 

           3.3.2 ĀÜæÈÚóâëÂùæăàæ°Ăì­ÿÜĆÚ .pdbqt 

           3.3.3 ÿæøîÂ Grid box Ăì­ÅäîÛÅæùâë¬èÚÃîÈ binding site  

 4. èõÿÅäóñì°ÝæÂóäØČó molecular docking āÕãâöìæòÂÂóäĂÚÂóäèõÿÅäóñì° ăÕ­ĀÂ¬ 

      4.1 ÿÜäöãÛÿØöãÛ Binding affinity ÃîÈ AChE ĀæñæõĀÂÚÕ°ĀÖ¬æñÖòè 

      4.2 ÿÜäöãÛÿØöãÛßòÚÙñØöćÿÂõÕÃ÷ĈÚäñìè¬óÈ AChE ĀæñæõĀÂÚÕ°ĀÖ¬æñÖòè 

      4.3 ÿÜäöãÛÿØöãÛÖČóĀìÚ¬ÈÃîÈ AChE ĀæñæõĀÂÚÕ°ĀÖ¬æñÖòè 

 



 

ÛØØöć 4 

ÝæÂóäèõÉòã 

4.1 ÝæÂóäßòÓÚóèõÙöèõÿÅäóñì° ɲ9-THC Āæñ CBD Õ­èãÿØÅÚõÅ LC-MS-MS 
 ÂóäÖäèÉèõÿÅäóñì°Õ­èãÿÅäøćîÈâøî LC-MS/MS Ì÷ćÈÿÜĆÚÿØÅÚõÅØöćâöÅèóâăè (sensitivity) Āæñ
ÅèóâÉČóÿßóñ  (selectivity) èõÙö mass spectrometry ëóâóä×ÖäèÉèòÕăîîîÚÃîÈëóäØöćĀãÂÂòÚ

Õ­èãÅ¬óâèæÖ¬îÜäñÉù (mass-to-charge  ratio, m/z) ØöćĀÖÂÖ¬óÈÂòÚ ĀÖ¬ ɲ9-THC Āæñ CBD âöâèæ
āâÿæÂùæÿØ¬óÂòÚ ĂÚÂóäèõÿÅäóñì°ÚöĈăÕ­ÿæøîÂ interface ØöćØČóìÚ­óØöćÿÜĆÚĀìæ¬ÈÂČóÿÚõÕăîîîÚ                
(ion source) ËÚõÕ  electro spray ionization (ESI) ăîîîÚØöćăÕ­×úÂèõÿÅäóñì°Õ­èã selected  
reaction monitoring (SRM) ìäøî multiple  reaction monitoring (MRM) mode ĂË­ÖäèÉëîÛ
âèæÃîÈăîîîÚØöćĀÖÂîîÂâó (fragment ion, transition ion)  ÉóÂăîîîÚÖòĈÈÖ­Ú (parent ion)  
ÖòèĂÕ ÖòèìÚ÷ćÈ SRM ìäøî MRM ëóâóä×ĀãÂÅèóâĀÖÂÖ¬óÈÃîÈëóäØöćâöâèæÿØ¬óÂòÚăÕ­  ăîîîÚ 

ÃîÈëóäÖòĈÈÖ­ÚØöćÿæøîÂëČóìäòÛ ɲ9-THC Āæñ CBD āÕãØòćèăÜÉñëîÕÅæ­îÈÂòÛăîîîÚÃîÈāâÿæÂùæ
āÜäÖîÚ ([M+H]+) Øöćëä­óÈÃ÷ĈÚĂÚĀìæ¬ÈÂČóÿÚõÕîõÿæĆÂāØäëÿÜäã°ăîîîăÚÿÌËòÚ (ESI) ÂóäÂäñÉóãÖòè
ÃîÈëóäÖòĈÈÖ­Úÿìæ¬óÚöĈĂÚÿÌææ°ØöćËÚÂòÚÃîÈĀâëëÿÜÂāÖäâõÿÖîä°ë¬ÈÝæĂì­ÿÂõÕÂóäëä­óÈÅùÔæòÂêÔñ

ăîîîÚÃîÈÝæõÖáòÔÒ°ÿÊßóñÃîÈëóäèõÿÅäóñì°ĀÖ¬æñÖòè ɲ9-THC Āæñ CBD âöÚČĈóìÚòÂāâÿæÂùæ 
314.45 ÂäòâÖ¬îāâæ ĀæñĀëÕÈëóäÖòĈÈÖ­ÚØöćÅæ­óãÂòÚĂÚÂóäÿÜæöćãÚăîîîÚÃîÈÝæõÖáòÔÒ°  
(m/z 315>123, 193 Āæñ 259) ÕòÈĀëÕÈáóßÜäñÂîÛ 7 Āæñ 8 ÂóäÿØÅÚõÅ MRM ăÕ­äòÛÂóä

ÜäòÛÜäùÈĂì­ÿìâóñëâ ëČóìäòÛÂóäìóÜäõâóÔÃîÈ ɲ9-THC Āæñ CBD ÿßøćîĂì­ÿÂõÕÂóäĀëÕÈÂóä
äÛÂèÚÚ­îãØöćëùÕÉóÂëòÎÎóÔäÛÂèÚßøĈÚìæòÈĀæñë¬èÚÜäñÂîÛÿâØäõÂÌ° ĂÚÃÔñÿÕöãèÂòÚÂĆÿßõćâ
îòÖäóë¬èÚëòÎÎóÔÖ¬îëòÎÎóÔäÛÂèÚĂì­ëúÈëùÕëČóìäòÛÂóäèõÿÅäóñì°ÿÜ­óìâóã Ã­îâúæ MRM  

ØöćÿæøîÂëČóìäòÛÂóäèõÿÅäóñì° ɲ9-THC Āæñ CBD ßä­îâÕ­èãëóäÖòĈÈÖ­ÚĀæñÝæõÖáòÔÒ°ăîîîÚ 
ØöćëîÕÅæ­îÈÂòÚ ëäùÜăè­ĂÚÖóäóÈ 7 ÚîÂÉóÂÚöĈãòÈÂČóìÚÕÕ­èãè¬óăîîîÚÜäõâóÔ Ì÷ćÈĂì­ëòÎÎóÔØöćëúÈ

Âè¬ó ëîÕÅæ­îÈÂòÛÂóäÿÜæöćãÚĀÜæÈ m/z 315 > 193 ëČóìäòÛ ØòĈÈ ɲ9-THC Āæñ CBD Õ­èãÂóä
ÖäèÉëîÛÂóä transition Ý¬óÚ MRM ÉČóÿßóñÿìæ¬óÚöĈ äñÛÛ UHPLC-MS/MS ëóâóä×ÿæøîÂ

ÖäèÉÉòÛĀæñÂČóìÚÕÜäõâóÔ ɲ9-THC Āæñ CBD  ĂÚÿâØäõÂÌ°Öòèîã¬óÈØöćÌòÛÌ­îÚÌ÷ćÈâöÅèóâăèĀæñ
ÅèóâĀâ¬ÚãČóëúÈ ÚîÂÉóÂÚöĈ ÂóäĂË­ MRM ãòÈË¬èãĂì­ëóâóä×èõÿÅäóñì°ëóäèõÿÅäóñì°ìæóãÖòèßä­îâ
ÂòÚăÕ­ĂÚÂóäèõÿÅäóñì°ÿßöãÈÅäòĈÈÿÕöãè ØČóĂì­ÿÜĆÚÿØÅÚõÅØöćâöÜäñëõØÙõáóßëČóìäòÛÂóäèõÿÅäóñì° 
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ÜäõâóÔ ɲ9-THC Āæñ CBD ØöćâöîÈÅ°ÜäñÂîÛĂÚëóäÖòèîã¬óÈØöćâöÅèóâÌòÛÌ­îÚÃîÈÖČóäòÛãó 
éùÃăëãóéÚ° 

 

áóßÜäñÂîÛ 7 Mass fragmentation spectra ÃîÈ ɲ9-THC ĂÚ ESI positive mode. 

 

áóßÜäñÂîÛ 8 Mass fragmentation spectra ÃîÈ CBD ĂÚ ESI positive mode. 
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ÖóäóÈ Ɲ Precursor Āæñ fragment ions äèâ×÷È MS parameters ØöćĂË­ĂÚÂóäèõÿÅäóñì° ɲ9-THC 
and CBD Õ­èãÿØÅÚõÅ LC·MS/MS 
 

Analyte m/z Dwell time 
msec 

Q1 
(V) 

CE 
(V) 

Q3 
(V) 

ɲ9-THC 315.15>193.10 100 -13.7 -24.4 -18.1 
315.15>135.15 100 -13.7 -33.7 -10.8 

CBD 315.20>193.10 100 -13.7 -21.1 -36.9 
315.20>123.05 100 -32.6 -21.5 -12.3 

Tadalafil 390.10>268.10 100 -36.9 -16.6 -16.6 
390.10>135.10 100 -18.1 -21.0 -12.3 
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áóßÜäñÂîÛ 9 Proposed fragments ÃîÈ ɲ9-THC Āæñ CBD ĂÚ ESI positive mode. 
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4.2 ÝæÂóäØÕëîÛÅèóâÿìâóñëâÃîÈäñÛÛ (System suitability) 
 ÅèóâÿìâóñëâÃîÈäñÛÛØöćĂË­ĂÚÂóäèõÿÅäóñì° (System suitability) ĂÚÂóäÅòÕÿæøîÂ            
ÅèóâÿìâóñëâÃîÈÿàëÿÅæøćîÚØöćĂÚÂóäĀãÂëóä ÖóâÿÂÔÒ°ÂóäãîâäòÛÃîÈ AOAC Guideline 
2012 ăÕ­ĀÂ¬ theoretical plate (N) > 2000, tailing factor (T) < 2, resolution > 2, %RSD  

ÃîÈ retention time ¢ 2 Āæñ %RSD ÃîÈ peak area  ¢ 2 ÉóÂÂóäèõÿÅäóñì°ëóäæñæóã
âóÖäÑóÚÕ­èãÿØÅÚõÅ LC-MS-MS èõÿÅäóñì°ÌČĈó  6 ÅäòĈÈ ÝæØöćăÕ­Åøî Å¬ó retention time ÿÊæöćãÃîÈ 

ɲ9-THC ÿØ¬óÂòÛ 6.26 ÚóØö Āæñ CBD ÿØ¬óÂòÛ 4.71 ÚóØö âö %RSD ¢ 2  Å¬óÜäñëõØÙõáóßÂóäĀãÂ 

ÃîÈÅîæòâÚ° (Theoretical Plate) ÃîÈ ɲ9-THC ăÕ­Å¬óÿÊæöćãÿØ¬óÂòÛ 54165 Āæñ CBD ăÕ­Å¬óÿÊæöćã
ÿØ¬óÂòÛ 56709 Ì÷ćÈ×øîè¬óÝ¬óÚÂóäãîâäòÛ Åøî âöÅ¬óâóÂÂè¬ó 2000 Å¬óÅèóâëââóÖäÃîÈßöÅ (tailing 

factor) ÃîÈ ɲ9-THC ăÕ­Å¬óÿÊæöćãÿØ¬óÂòÛ 1.266 Āæñ ĀÅÚÚóÛõăÕîîæ CBD ăÕ­Å¬óÿÊæöćãÿØ¬óÂòÛ 
1.159 ×øîè¬óÝ¬óÚÂóäãîâäòÛ Åøî âöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 2 Å¬óßóäóâõÿÖîä°Ö¬óÈ ą îãú¬ĂÚÿÂÔÒ° 
ÂóäãîâäòÛÖóââóÖäÑóÚ ĀëÕÈĂì­ÿìĆÚè¬óäñÛÛÕòÈÂæ¬óèâöÅèóâÿìâóñëâÃîÈÿÅäøćîÈâøîĀæñèõÙö 
ĂÚÂóäèõÿÅäóñì° 
ÖóäóÈ ƞ ÝæÂóäØÕëîÛÅèóâÿìâóñëâÃîÈäñÛÛ (system suitability) 
 

Parameter Criteria CBD ɲ9-THC IS 

Average of Area - 3,573,002 3,811,796 85,271 
Average of Retention time - 4.71 6.26 1.37 
%RSD of Area ¢ 2 1.87 1.70 1.54 

%RSD of Retention time ¢ 2 0.04 0.16 0.90 

Average of Resolution > 2 8.075 8.075 > 2 
Average of Tailing factor < 2 1.159 1.266 1.713 
Average of Theoretical plate (N) > 2000 56,709 54,165 7,378 
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 ÉóÂÂóäé÷ÂêóëáóèñØöćÿìâóñëâĂÚÂóäèõÿÅäóñì°ëóäâóÖäÑóÚ ɲ9-THC Āæñ CBD              
āÕãâöëáóèñÂóäèõÿÅäóñì° ÕòÈÚöĈ 
 

Analytical 
technique 

LC-MS/MS 

Target drug test ɲ9-THC and CBD 
Internal Standard Tadalafil 

Linearity Range 
5.025-20,099.000 ng/ml for CBD in Methanol 
5.000-20,001.450 ng/ml for THC in Methanol 

Curve Type Linear 

Equation Type 

Y = ax+b 
x  = concentration of drug  
y = peak area ratio of drug/Internal standard 
a = slope of the calibration curve 
b = intercept of the calibration curve 

Weighting Factor 1/C2  

Column  Phenomenex Luna C18, (100 x 2 mm, 3 µm) 

Detector 

MS/MS 
- CBD; precursor ions at m/z 315.2000 
  product ions at m/z = 193.1000 (target), 135.1500 (reference ion) 

- ɲ9-THC; precursor ions at m/z 315.1500 
  product ions at m/z = 193.1000 (target), 123.0500 (reference ion) 
- Tadalafil; precursor ions at m/z 390.1000 
   product ions at m/z = 268.1000 (target), 135.1000 (reference ion) 

MS interface ESI 

Heating gas flow 10 L/min 

Heat Block 
temperature 

400 OC 

DL temperature 250 OC 
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MRM 

Compound    m/z                       Dwell time        Q1           CE         Q3         
CBD             315.20>193.10        100.0            -13.7       -21.1      -36.9 
                    315.20>135.15        100.0            -32.6       -21.5       -12.3 

ɲ9-THC       315.15>193.10        100.0            -13.7      -24.4       -18.1 
                    315.15>123.05        100.0            -13.7      -33.7      -10.8 
Tadalafil         390.10>268.10      100.0           -36.9      -16.6      -16.6 
                      390.10>135.10      100.0           -18.1      -21.0      -12.3 

Calibration curve 
levels 

7 

Quantitative 
Method 

Internal standard 

Column oven 
temperature 

40 OC 

Autosampler 
temperature 

15OC 

Run time / injection 7.6 min 

Retention time 
Around 4.7 min for CBD 

Around 6.2 min for ɲ9-THC     
Around 1.3 min for tadalafil 

Mobile phase  
 

0.01% formic in 20mM ammonium formate and ACN in the ratio 20 : 80 (v/v)  

Gradient elution 

Time (min)       Flow (ml/min)           Conc. (pump B : organic solvent) 
             1.00                  0.3                         60 

1.50                  0.3                         80 
4.00              0.4                         80 
4.50                  0.4                         60 
7.00                  0.4                         60 
7.60                  0.3                         60 

Volume/ injection 0.1 µl 
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4.3 ÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈèõÙöèõÿÅäóñì° (Method validation)   
4.3.1 ÂóäØÕëîÛÅèóâÉČóÿßóñÃîÈèõÙöèõÿÅäóñì° (specificity) 

 ÉóÂáóßÜäñÂîÛ 10 ÿâøćîØČóÂóäèõÿÅäóñì°āÕãÂóä spike Õ­èãëóäâóÖäÑóÚ CBD Āæñ 

ëóäâóÖäÑóÚ ɲ9-THC ßÛè¬ó retention time ÿØ¬óÂòÛ 4.7 Āæñ 6.2 ÚóØö ÖóâæČóÕòÛ āÕãăâ¬ÿÂõÕ 
ÂóääÛÂèÚÉóÂîÈÅ°ÜäñÂîÛîøćÚĂÚÖČóäòÛÖòèîã¬óÈ 

 

 
 
 
 
 

áóßÜäñÂîÛ 10 āÅäâóāØĀÂäâÃîÈëóäëÂòÕÖČóäòÛéùÃăëãóéÚ° Øöć spike ëóäâóÖäÑóÚ CBD Āæñ 

ɲ9-THC 

4.3.2 ÅèóâëòâßòÚÙ°îã¬óÈÿÜĆÚÿë­ÚÖäÈĀæñË¬èÈÅèóâÿÃ­âÃ­ÚØöćĂË­ÂóäèõÿÅäóñì° (linearity 

and range) 

 4.3.2.1 ÅèóâëòâßòÚÙ°îã¬óÈÿÜĆÚÿë­ÚÖäÈĀæñË¬èÈÅèóâÿÃ­âÃ­ÚØöćĂË­èõÿÅäóñì°ÜäõâóÔ CBD 

 ÉóÂÖóäóÈ 9 ÿâøćîØČóÂóäèõÿÅäóñì°ëóäæñæóãâóÖäÑóÚ CBD ĂÚÖòèØČóæñæóã methanol 
Ë¬èÈÅèóâÿÃ­âÃ­Ú 0.005 · 20 Ĳg/ml Āæñ  ÚČóÅ¬óÿÊæöćãÃîÈ peak area Āæñ Å¬óÅèóâÿÃ­âÃ­Úâó
ëä­óÈÿÜĆÚ calibration curve ßÛè¬ó calibration curve ÿë­ÚØöć 1 2 Āæñ 3 âöÅ¬ó coefficient  
of determination (r2) ÿØ¬óÂòÛ 0.9999 ĀæñÅČóÚèÔÿÜĆÚÅ¬ó correlation coefficient (r) ÿØ¬óÂòÛ 
0.9999 Ì÷ćÈÝ¬óÚÿÂÔÒ°âóÖäÑóÚÃîÈ AOAC 2012 ØöćÂČóìÚÕĂì­âöÅ¬ó r âóÂÂè¬ó 0.995 
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ÖóäóÈ Ɵ ÝæÂóäØÕëîÛ linearity Āæñ range ÃîÈ CBD 
 

 

 

No. Conc. (ng/ml) Area ratio Equation R 

1 

4.907 0.1660  
 
 

Y = (0.0344)X+ (0.0106) 

 
 
 

0.9999 

10.441 0.3500 
51.921 1.8031 
206.759 7.1042 
995.916 34.0451 
4,871.711 165.3495 
9,951.101 346.1949 
19,531.220 670.3549 

2 

5.019 0.1707  

 

 

Y = (0.0344)X + (0.0024) 

 

 

 

0.9999 

10.041 0.3435 
50.421 1.7604 
211.248 7.2585 
1,025.557 35.0584 
4,933.247 167.4381 
9,906.541 344.6447 
19,286.910 662.1022 

3 5.011 0.1704  

 

 

Y = (0.0344)X + (0.0056) 

 

 

 

0.9999 

10.014 0.3474 
52.114 1.7629 
209.350 7.0494 
990.320 33.9525 
4,949.551 170.6450 
9,702.949 325.6573 
19,932.22 678.7065 
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 4.3.2.2 ÅèóâëòâßòÚÙ°îã¬óÈÿÜĆÚÿë­ÚÖäÈĀæñË¬èÈÅèóâÿÃ­âÃ­ÚØöćĂË­èõÿÅäóñì°ÜäõâóÔ ɲ9-THC     

 ÉóÂÖóäóÈ 10  ÿâøćîØČóÂóäèõÿÅäóñì°ëóäâóÖäÑóÚ ɲ9-THC ĂÚÖòèØČóæñæóã methanol 
Ë¬èÈÅèóâÿÃ­âÃ­Ú 0.005 - 20 Ĳg/ml ĀæñÚČóÅ¬óÿÊæöćãÃîÈ peak area Āæñ Å¬óÅèóâÿÃ­âÃ­Úâóëä­óÈ
ÿÜĆÚ calibration curve ßÛè¬ó calibration curve ÿë­ÚØöć 1 2 Āæñ 3 âöÅ¬ó coefficient of 
determination (r2) ÿØ¬óÂòÛ 0.9999 ĀæñÅČóÚèÔÿÜĆÚÅ¬ó correlation coefficient (r) ÿØ¬óÂòÛ 
0.9999 Ì÷ćÈÝ¬óÚÿÂÔÒ°âóÖäÑóÚÃîÈ AOAC 2012 ØöćÂČóìÚÕĂì­âöÅ¬ó r âóÂÂè¬ó 0.995 

ÖóäóÈ ƗƖ ÝæÂóäØÕëîÛ linearity Āæñ range ÃîÈ ɲ9-THC 
 

No. Conc. (ng/ml) Area ratio Equation R 

1 

4.928 0.1826 

Y=(0.0376)X+0.0052) 0.9999 

10.167 0.3732 
52.924 2.0128 
202.928 7.6362 
992.092 36.3954 
4930.607 183.2756 
9512.653 362.4382 
19913.340 747.0939 

2 

5.121 0.1907 

Y=(0.0378)X+(0.0033) 0.9999 

9.537 0.3501 
48.809 1.8718 
209.23 7.8734 
1030.85 38.5932 
5045.58 187.5492 
9490.319 364.0876 
20224.040 762.9371 

3 4.812 0.1792  
 
 

Y=(0.0372)X+(0.0233) 

 
 
 

0.9999 

10.68  0.4058 
51.607 1.9119 
205.529 7.5794 
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4.3.3 ÝæÂóäÅČóÚèÔÃöÕÉČóÂòÕĂÚÂóäÖäèÉßÛ (Limit of detection, LOD) Āæñ ÃöÕÉČóÂòÕ

ĂÚÂóäèòÕÿËõÈÜäõâóÔ (Limit of quantitation, LOQ) ĂÚÂóäèõÿÅäóñì° ɲ9-THC Āæñ CBD 
 ÅČóÚèÔÅ¬ó LOD ÉóÂëúÖä LOD = 3.3SD of Y-intercept/mean of slope Āæñ LOQ  
= 10SD of Y-intercept/mean of slope ÕòÈĀëÕÈĂÚÖóäóÈ 11 Āæñ 12 ÅČóÚèÔÅ¬ó LOD Āæñ 
LOQ ÃîÈ CBD ăÕ­ÿØ¬óÂòÛ 0.3973 ng/ml Āæñ 1.2039 ng/ml ÖóâæČóÕòÛ Āæñ ÅČóÚèÔÅ¬ó LOD 

Āæñ LOQ ÃîÈ ɲ9-THC ăÕ­ÿØ¬óÂòÛ 0.9706 ng/ml Āæñ 2.9412 ng/ml ÖóâæČóÕòÛ 
 
ÖóäóÈ ƗƗ ÅČóÚèÔ LOD Āæñ LOQ ÃîÈ CBD ÉóÂëâÂóäÿë­ÚÖäÈ 
 

Equation Y - intercept Slope LOD LOQ 

Y = (0.0344)X+ (0.0106) 0.0106 0.0344 

0.3973 

ng/ml 

1.2039 

ng/ml 

Y = (0.0344)X + (0.0024) 0.0024 0.0344 

Y = (0.0340)X + (0.0067) 0.0067 0.0340 

Mean 

 

0.00343 

SD 0.004126 
 

 
 
 
 
 
 

981.915 36.8683 
5002.575 188.8879 
9168.114 336.9922 
20225.05 753.5360 
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ÖóäóÈ ƗƘ ÅČóÚèÔ LOD Āæñ LOQ ÃîÈ ɲ9-THC ÉóÂëâÂóäÿë­ÚÖäÈ 
 

Equation Y - intercept Slope LOD LOQ 

Y = (0.0376)X+ (0.0052) 0.0052 0.0376 

0.9706 

ng/ml 

2.9412 

ng/ml 

Y = (0.0378)X + (0.0033) 0.0033 0.0378 

Y = (0.0372)X + (0.0233) 0.0233 0.0372 

Mean 

 

0.0375 

SD 0.011039 
 

 

4.3.4 ÝæÂóäØÕëîÛÅèóâĀâ¬Ú (Accuracy) ĀæñÅèóâÿØöćãÈ (Precision) ÃîÈèõÙöèõÿÅäóñì° 
4.3.4.1 Accuracy Āæñ Precision ÃîÈ CBD  

  ÿÚøćîÈÉóÂÂóäèõÿÅäóñì° CBD ĂË­ mass spectrometer ÿÜĆÚ detector Ì÷ćÈâöÅèóâÉČóÿßóñÖ¬î CBD 
āÕãăâ¬âöÂóääÛÂèÚÉóÂîÈÅ°ÜäñÂîÛîøćÚĂÚÖČóäòÛãóéùÃăëãóéÚ° É÷ÈØČóÂóäØÕëîÛìòèÃ­î accuracy 
Āæñ precision āÕãĂË­ëóäæñæóãâóÖäÑóÚÃîÈ CBD ĂÚÖòèØČóæñæóã methanol  
ĂÚÂóäØÕëîÛ ØöćÅèóâÿÃ­âÃ­Ú 10, 100 Āæñ 1,000 ng/ml ÅèóâÿÃ­âÃ­Úæñ 3 vials ăÕ­Å¬ó 
%recovery ÿÊæöćã îãú¬ĂÚË¬èÈ 97.78 % - 100.15 % âö %RSD ÃîÈ intra-day precision îãú¬ĂÚË¬èÈ 
1.51 % - 1.92 % Āæñâö %RSD ÃîÈ inter-day precision îãú¬ĂÚË¬èÈ 1.52 % - 1.67 % ÕòÈĀëÕÈ
ĂÚÖóäóÈ 13  ÖóâßäñäóËÛòÎÎòÖõãóÿëßÖõÕĂì­āØê ß.é. 2565 äñÛùè¬ó ìæòÈÉóÂèòÚØöć 9 âõ×ùÚóãÚ 
2565 ë¬èÚÜäñÂîÛÃîÈÂòÎËó Øöćăâ¬ÉòÕÿÜĆÚãóÿëßÖõÕĂì­āØêÜäñÿáØ 5 ăÕ­ĀÂ¬ ÿÜæøîÂ æČóÖ­Ú ÿë­ÚĂã 

ÂõćÈÂ­óÚ äóÂ ĂÛØöć ăâ¬âöãîÕìäøîË¬îÕîÂÖõÕâóÕ­èã ëóäëÂòÕØöćâöëóä ɲ9-THC ÿÜĆÚë¬èÚÜäñÂîÛ   
Ö­îÈăâ¬ÿÂõÚä­îãæñ 0.2 āÕãÚČĈóìÚòÂ ÂóÂìäøîÿéêØöćÿìæøîÉóÂÂóäëÂòÕÂòÎËóĀæñÖ­îÈâöëóä  

ɲ9-THC ăâ¬ÿÂõÚä­îãæñ 0.2 āÕãÚČĈóìÚòÂ Âóäé÷ÂêóÅäòĈÈÚöĈăÕ­ÿØöãÛÿÅöãÈÜäõâóÔ CBD  ÿØ¬óÂòÛ

Ã­îÂČóìÚÕÃîÈ ɲ9-THC Åøî ăâ¬ÿÂõÚä­îãæñ 0.2 āÕãÚČĈóìÚòÂ ÿâøćîÿØöãÛÿÂÔÒ°ÂóäãîâäòÛÖóâÿÂÔÒ°
âóÖäÑóÚ AOAC 2012 ØČóĂì­èõÙöèõÿÅäóñì° CBD ØöćÉñăÕ­âóÖäÑóÚÅèäâö %recovery  
îãú¬ĂÚË¬èÈ 90-108% Āæñ %RSD ăâ¬ÿÂõÚ 3% Ì÷ćÈÝæÂóäØÕëîÛÅèóâ×úÂÖ­îÈÃîÈèõÙöèõÿÅäóñì°  
Ý¬óÚÿÂÔÒ°âóÖäÑóÚÃîÈ AOAC 2012 
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ÖóäóÈ Ɨƙ ÝæÂóäØÕëîÛ accuracy Āæñ precision ÃîÈèõÙöèõÿÅäóñì° CBD 
 

Conc. 
ng/ml) 

 
Day 

Actual 
Concentration 
(ng/ml) 

Mean SD 
Precision 
(%RSD) 

%Recovery 

10.05 
 

 
1 

9.8783 
10.0647 0.1665 1.65 100.15 10.1170 

10.1987 
 
2 

9.8413 
10.0006 0.1604 1.60 99.51 10.1620 

9.9991 
 
3 

10.0643 
 

10.0094 
 
0.1920 

 
1.92 

 
99.60 

9.7959 
10.1679 

Inter-day (n = 9) 10.0249 0.1532 1.52 99.75 

100.50 
 
 
 
 
 

 
1 

98.0565 
100.0048 1.9729 1.97 99.51 102.0014 

99.9564 
 
2 

99.2547 
 

99.9167 
 
1.8511 

 
1.85 

 
99.42 

102.0078 
98.4876 

 
3 

101.0561 
99.1704 1.7667 1.78 98.68 98.9018 

97.5534 
Inter-day (n = 9) 99.6973 1.6626 1.67 99.20 

1005.00 
 

 978.7921 
992.8131 17.7839 1.79 99.23 986.8304 

1012.8169 
 995.3158 978.2736    
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Conc. 
ng/ml) 

 
Day 

Actual 
Concentration 
(ng/ml) 

Mean SD 
Precision 
(%RSD) 

%Recovery 

969.2720 14.7668 1.51 97.78 
970.2331 

 974.0197 
978.7607 

 
14.8917 

 
1.52 

 
97.83 966.8168 

995.4457 
Inter-day (n = 9) 983.2825 15.4971 1.58 98.28 

 

4.3.4.2  Accuracy Āæñ Precision ÃîÈ ɲ9-THC  

 ÿÚøćîÈÉóÂÂóäèõÿÅäóñì° ɲ9-THC ĂË­ mass spectrometer ÿÜĆÚ detector Ì÷ćÈâö

ÅèóâÉČóÿßóñÖ¬î ɲ9-THC āÕãăâ¬âöÂóääÛÂèÚÉóÂîÈÅ°ÜäñÂîÛîøćÚĂÚÖČóäòÛãóéùÃăëãóéÚ° É÷ÈØČó

ÂóäØÕëîÛìòèÃ­î accuracy Āæñ precision āÕãĂË­ëóäæñæóãâóÖäÑóÚÃîÈ ɲ9-THC ĂÚÖòèØČó
æñæóã methanol ĂÚÂóäØÕëîÛ ØöćÅèóâÿÃ­âÃ­Ú 10, 100 Āæñ 1,000 ng/ml ÅèóâÿÃ­âÃ­Úæñ 3 
vials ăÕ­Å¬ó %recovery ÿÊæöćã îãú¬ĂÚË¬èÈ 98.98 % - 103.72 % âö %RSD ÃîÈ intra-day 
precision îãú¬ĂÚË¬èÈ 0.59 % - 2.09 % Āæñâö %RSD ÃîÈ inter-day precision îãú¬ĂÚË¬èÈ 1.09 % 
- 2.06 % ÕòÈĀëÕÈĂÚÖóäóÈ 14  Öóâ ßäÛ. ãóÿëßÖõÕĂì­āØê ß.é. 2565 äñÛùè¬ó ìæòÈÉóÂèòÚØöć 9 
âõ×ùÚóãÚ 2565 ë¬èÚÜäñÂîÛÃîÈÂòÎËó Øöćăâ¬ÉòÕÿÜĆÚãóÿëßÖõÕĂì­āØêÜäñÿáØ 5 ăÕ­ĀÂ¬ ÿÜæøîÂ  

æČóÖ­Ú ÿë­ÚĂã ÂõćÈÂ­óÚ äóÂ ĂÛØöćăâ¬âöãîÕìäøîË¬îÕîÂÖõÕâóÕ­èã ëóäëÂòÕØöćâöëóä ɲ9-THC  
ÿÜĆÚë¬èÚÜäñÂîÛ Ö­îÈăâ¬ÿÂõÚä­îãæñ 0.2 āÕãÚČĈóìÚòÂ ÂóÂìäøîÿéêØöćÿìæøîÉóÂÂóäëÂòÕÂòÎËóĀæñ

Ö­îÈâöëóä ɲ9-THC ăâ¬ÿÂõÚä­îãæñ 0.2 āÕãÚČĈóìÚòÂ ÿâøćîÿØöãÛÿÂÔÒ°ÂóäãîâäòÛÖóâÿÂÔÒ°

âóÖäÑóÚ AOAC 2012 ØČóĂì­èõÙöèõÿÅäóñì° ɲ9-THC ØöćÉñăÕ­âóÖäÑóÚÅèäâö %recovery îãú¬ĂÚË¬èÈ 
90-108% Āæñ %RSD ăâ¬ÿÂõÚ 3% Ì÷ćÈÝæÂóäØÕëîÛÅèóâ×úÂÖ­îÈÃîÈèõÙöèõÿÅäóñì° Ý¬óÚÿÂÔÒ°
âóÖäÑóÚÃîÈ AOAC 2012  
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ÖóäóÈ Ɨƚ ÝæÂóäØÕëîÛ accuracy Āæñ precision ÃîÈèõÙöèõÿÅäóñì° ɲ9-THC 
 

Conc. 
ng/ml) 

 
Day 

Actual 
Concentration 
(ng/ml) 

Mean SD 
Precision 
(%RSD) 

%Recovery 

10.05 
 

 
1 

10.1320 
10.1421 0.1352 1.33 100.92 10.0122 

10.2821 
 
2 

10.1542 
10.2383 0.1947 1.90 101.87 10.0997 

10.4609 
 
3 

10.6191 
 

10.4239 
 

0.2183 
 
2.09 

 
103.72 

10.4643 
10.1882 

Inter-day (n = 9) 10.2681 0.2033 1.09 102.17 

100.50 
 
 
 
 
 

 
1 

102.1738 
102.0912 1.4503 1.42 101.58 103.4984 

100.6014 
 
2 

102.8864 
103.2858 1.7348 1.69 102.77 105.1855 

101.7855 
 
3 

98.3688 
99.4764 1.0434 1.05 98.98 99.6195 

100.4409 
Inter-day (n = 9) 101.6178 2.0970 2.06 101.11 

1005.00 
 

 
1 

977.9779 
991.5235 13.2324 1.33 99.10 992.1740 

1004.4187 
 1014.9431 1008.08    
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Conc. 
ng/ml) 

 
Day 

Actual 
Concentration 
(ng/ml) 

Mean SD 
Precision 
(%RSD) 

%Recovery 

2 1005.1488 5.9643 0.59 100.76 
1004.1490 

 
3 

992.8511 
997.883 

 
7.3365 

 
0.74 

 
99.74 1006.3056 

994.5082 
Inter-day (n = 9) 999.1640 10.8829 1.09 99.87 

 

4.4 ÝæÂóäÅòÕÿæøîÂÖòèØČóæñæóãëČóìäòÛÂóäëÂòÕ ɲ9-THC Āæñ CBD āÕãĂË­
ßóäóâõÿÖîä°ÂóäæñæóãÃîÈĀïÚÿÌÚ (Hansen Solubility Parameter, HSP) 
 ßóäóâõÿÖîä°ÂóäæñæóãÃîÈĀïÚÿÌÚ (Hansen Solubility Parameter, HSP) ÿÜĆÚèõÙö
ÅòÕÿæøîÂÖòèØČóæñæóãÉóÂßóäóâõÿÖîä°ÂóäæñæóãĀÛÛ 3 âõÖõ ăÕ­ĀÂ¬ Å¬óÂóäæñæóãÃîÈĀäÈæîÚÕîÚ 

(London dispersion force, dɻ) Å¬óÂóäæñæóãÃîÈĀäÈÕ÷ÈÕúÕäñìè¬óÈÃòĈè (dipolar 

intermolecular force, pɻ)ĀæñÅ¬óßæòÈÈóÚÃîÈßòÚÙñăïāÕäÿÉÚ (energy from hydrogen 

bonding, hɻb) ÅČóÚèÔÉóÂëâÂóä 3 ëâÂóä ăÕ­ĀÂ¬ 
 
‏  Вὔὅ ὡВὓὈ ρχȢσςσρ ὓὖὥϳ    (1) 

‏  Вὔὅ ὡВὓὈ χȢσυτψ ὓὖὥϳ    (2) 

‏  Вὔὅ ὡВὓὈ χȢωχωσ ὓὖὥϳ     (3)  

āÕã i ÅøîæČóÕòÛÂæù¬âã¬îãÜäñÿáØ First Order Øöćâöîãú¬ĂÚāÅäÈëä­óÈØóÈÿÅâöÃîÈÖòè×úÂæñæóã 
N ÅøîÉČóÚèÚÂæù¬âã¬îãÜäñÿáØ First Order ØöćÌČĈóÂòÚØöćâöîãú¬ĂÚāÅäÈëä­óÈØóÈÿÅâöÃîÈÖòè×úÂæñæóã 
C ÅøîÅ¬óÂóäæñæóãÃîÈÂæù¬âã¬îãÜäñÿáØ First Order Øöćâöîãú¬ĂÚāÅäÈëä­óÈØóÈÿÅâöÃîÈÖòè×úÂ
æñæóã 
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M ÅøîÉČóÚèÚÂæù¬âã¬îãÜäñÿáØ Second Order ØöćÌČĈóÂòÚØöćâöîãú¬ĂÚāÅäÈëä­óÈØóÈÿÅâöÃîÈÖòè×úÂ
æñæóã 
D ÅøîÅ¬óÂóäæñæóãÃîÈÂæù¬âã¬îãÜäñÿáØ Second Order Øöćâöîãú¬ĂÚāÅäÈëä­óÈØóÈÿÅâöÃîÈÖòè×úÂ
æñæóã 
W ÉñâöÅ¬óÿØ¬óÂòÛ 1 ÿâøćîâö Âæù¬âã¬îãÜäñÿáØ Second Order ĀæñÿØ¬óÂòÛ 0 ÿâøćîăâ¬âöÂæù¬âã¬îã
ÜäñÿáØ Second Order 

 ÖòèØČóæñæóãØöćâöÅ¬ó HSP ĂÂæ­ÿÅöãÈÂòÛ CBD Āæñ ɲ9-THC ÉñăÕ­äòÛÂóäÅòÕÿæøîÂÿÜĆÚÖòèØČó

æñæóãëČóìäòÛÂóäëÂòÕ CBD Āæñ ɲ9-THC ÉóÂÖČóäòÛãóéùÃăëãóéÚ° Ì÷ćÈÂóäÅČóÚèÔÅèóâ
ĂÂæ­ÿÅöãÈÃîÅ¬ó HSP ÿÜĆÚÂóäÅČóÚèÔìóÅ¬ó radius (Ra) ÕòÈëâÂóä 
 

Ὑ τ ‏ ‏ ‏ ‏ ‏ ‏                        (4) 
 
āÕã i ÅøîÅ¬ó HPS ÃîÈÖòè×úÂæñæóã Āæñ j ÅøîÅ¬ó HSP ÃîÈÖòèØČóæñæóã Ì÷ćÈÖòèØČóæñæóã 
ØöćâöÅ¬ó Ra Ú­îãØöćëùÕÉñæñæóãÖòè×úÂæñæóãăÕ­ÕöØöćëùÕ ÝæÂóäÅČóÚèÔÅ¬ó HSP ÃîÈ CBD Āæñ  

ɲ9-THC ÕòÈĀëÕÈĂÚáóßØöć 11 Āæñ 12 
 

O

H2C

H2C

C
H2

H2
C

C
H2

H2
C

CH3

OH

CH3

H

H

H3C

H3C

H

H

H

 

áóßÜäñÂîÛ 11 ÂóäÅČóÚèÔÅ¬ó Hansen Solubility Parameters ÃîÈ ɲ9-THC 

Group Ni Ci (NiCi)p (NiCi)d (NiCi)hb 
1st-order  d p h    

-CH3 4 -0.9714 -1.6448 -0.7813 -3.8856 -6.5792 -3.1252 
-CH2 6 -0.0269 -0.3045 -0.4117 -0.1614 -1.8270 -2.4702 
AC 2 0.8496 0.6187 0.0084 1.6992 1.2374 0.0168 
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ACH 2 0.1105 -0.5303 -0.4305 0.2210 -1.0606 -0.8610 
ACOH 1 0.5288 1.101 6.958 0.5288 1.1010 6.9580 
>C< 1 1.2686 2.0838 0.0866 1.2686 2.0838 0.0866 
-CH< 2 0.645 0.6491 -0.2018 1.2900 1.2982 -0.4036 
-CH=C< 1 0.5372 -0.9024 -1.8872 0.5372 -0.9024 -1.8872 
2nd-order Mj       
AC-O-C 1 0.2568 0.8153 0.6092 0.2568 0.8153 0.6092 

        

SNiCi + SMjCi  1.7546 -3.8335 -1.0766 

Constant (C) 17.3231 7.3548 7.9793 

SNiCi + SMjCi + C 19.0777 3.5213 6.9027 

HO

H2C

H2C

C
H2

H2
C

C
H2

H2
C

CH3

OH

CH3

H

H

H3C

H2C

H

H

H

 

áóßÜäñÂîÛ 12 ÂóäÅČóÚèÔÅ¬ó Hansen Solubility Parameters ÃîÈ CBD 

Group Ni Ci (NiCi)p (NiCi)d (NiCi)hb 
1st-order  d p h    

-CH3 3 -0.9714 -1.6448 -0.7813 -3.8856 -6.5792 -3.1252 
-CH2 6 -0.0269 -0.3045 -0.4117 -0.1614 -1.8270 -2.4702 
AC 2 0.8496 0.6187 0.0084 1.6992 1.2374 0.0168 
ACH 2 0.1105 -0.5303 -0.4305 0.2210 -1.0606 -0.8610 
ACOH 2 0.5288 1.101 6.958 1.0576 2.2020 13.9160 
CH2=C< 1 -0.4829 -0.7794 -0.826 -0.4829 -0.7794 -0.8260 
-CH< 2 0.645 0.6491 -0.2018 1.2900 1.2982 -0.4036 
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-CH=C< 1 0.5372 -0.9024 -1.8872 0.5372 -0.9024 -1.8872 

SNiCi 1.2465 -4.7662 5.1409 

Constant (C) 17.3231 7.3548 7.9793 

SNiCi + C 18.5696 2.5886 13.1202 

 
 Å¬ó HSP ØöćÅČóÚèÔăÕ­ÉñĂì­Ã­îâúæÿËõÈæ÷ÂÿÂöćãèÂòÛÅùÔæòÂêÔñÅèóâëóâóä×ĂÚÂóäæñæóã

ÃîÈ ɲ9-THC Āæñ CBD Å¬óÂóäæñæóãÃîÈĀäÈæîÚÕîÚ ĀëÕÈ×÷ÈÅèóâëóâóä×ÃîÈëóäÜäñÂîÛ
ĂÚÂóäØČóÜÐõÂõäõãóÂòÛÖòèØČóæñæóãØöćăâ¬âöÃòĈè ĂÚÃÔñØöćÅ¬óÂóäæñæóãÃîÈĀäÈÕ÷ÈÕúÕäñìè¬óÈÃòĈèÛ¬ÈËöĈ
×÷ÈÜÐõÂõäõãóäñìè¬óÈÖòèØČóæñæóãØöćâöÃòĈè ĀæñĀäÈßòÚÙñăïāÕäÿÉÚëñØ­îÚ×÷ÈÅèóâëóâóä×ÃîÈ
ëóäÜäñÂîÛĂÚÂóäëä­óÈßòÚÙñăïāÕäÿÉÚÂòÛāâÿæÂùæÃîÈÖòèØČóæñæóã ÂóäÿÜäöãÛÿØöãÛÅ¬ó HSP 

ÃîÈ ɲ9-THC Āæñ CBD ÂòÛÖòèØČóæñæóãëóâóä×ØČóÚóãßåÖõÂääâÂóäæñæóãăÕ­ĂÚäñÛÛÖòèØČó
æñæóãÖ¬óÈ ą ÖòèØČóæñæóãØöćâöÅ¬ó HSP ĂÂæ­ÿÅöãÈÂòÛÅ¬ó HSP ÃîÈ cannabinoids ÅóÕè¬óÉñĀëÕÈ
Åèóâëóâóä×ĂÚÂóäæñæóãăÕ­Õö ÕòÈØöćĀëÕÈĂÚÖóäóÈ 15 Å¬ó HSP ÃîÈăÕÅæîāäâöÿØÚĂÂæ­ÿÅöãÈÂòÛ

Å¬ó HSP ÃîÈ ɲ9-THC (Ra = 3.38) Āæñ CBD (Ra = 7.98) ÕòÈÚòĈÚÉ÷ÈÿæøîÂăÕÅæîāäâöÿØÚĂÚÂóäëÂòÕ 

ɲ9-THC Āæñ CBD ÉóÂÖČóäòÛéùÃăëãóéÚ° 

ÖóäóÈ Ɨƛ ĀëÕÈÝæÂóäÅČóÚèÔÅ¬ó Radius (Ra) äñìè¬óÈÅ¬ó HSP ÃîÈ ɲ9-THC Āæñ CBD  
ÂòÛ HSP ÃîÈÖòèØČóæñæóã 
 

Name Hansen Solubility 
Parameters 

Ra 

Solute d p h THC CBD 

THC 19.08 3.52 6.90   
CBD 18.57 2.59 13.12   
Solvent      
Dichloromethane 18.2 6.3 6.1 3.38 7.98 
Toluene 18 1.4 2 5.76 11.24 
Ethyl Acetate 15.8 5.3 7.2 6.80 8.55 
Cyclohexane 16.8 0 0.2 8.84 13.64 
Diethyl Ether 14.5 2.9 4.6 9.46 11.79 
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Acetone 15.5 10.4 7 9.93 11.67 
1-Butanol 16 5.7 15.8 11.04 6.58 
Hexane 14.9 0 0 11.40 15.25 
2-Propanol 15.8 6.1 16.4 11.82 7.33 
1-Propanol 16 6.8 17.4 12.60 7.90 
Ethanol 15.8 8.8 19.4 15.07 10.43 
Acetonitrile 15.3 18 6.1 16.35 18.15 
Methanol 14.7 12.3 22.3 19.77 15.44 
Ethylene Glycol 17 11 26 20.93 15.70 
Water 15.5 16 42.3 38.21 32.70 

4.5 ÜäñëõØÙõáóßÃîÈăÕÅæîāäâöÿØÚĂÚÂóäëÂòÕ ɲ9-THC Āæñ CBD ÉóÂÖČóäòÛãó                 
éùÃăëãóéÚ° 
 ÜäñëõØÙõáóßÂóäëÂòÕÅøîÿÜîä°ÿÌĆÚÖ°ÃîÈÖòè×úÂæñæóãØöćÿÅæøćîÚØöćÉóÂÿàëìÚ÷ćÈăÜîöÂÿàë
ìÚ÷ćÈ ÉóÂáóßÜäñÂîÛ 13 ĀæñÖóäóÈ 16 ßÛè¬óÂóäĂË­ăÕÅæîāäâöÿØÚÿÜĆÚÖòèØČóæñæóãëóâóä×

ëÂòÕ ɲ9-THC Āæñ CBD ăÕ­âóÂÂè¬ó 99.9% ĂÚÂóäëÂòÕÅäòĈÈØöćëîÈ ëÂòÕăÕ­ÿÂøîÛëâÛúäÔ°ĂÚÂóä
ëÂòÕÅäòĈÈØöćëóâ ëõćÈÚöĈÿÚ­ÚãČĈó×÷ÈÅèóâÿìâóñëâÃîÈÂóäĂË­ßóäóâõÿÖîä°Åèóâëóâóä×ĂÚÂóäæñæóã            
ÃîÈ Hansen ĂÚÂóäÿæøîÂăÕÅæîāäâöÿØÚÿÜĆÚÖòèØČóæñæóã 
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áóßÜäñÂîÛ 13 LC-MS/MS chromatograms ÃîÈÂóäëÂòÕÅäòĈÈØöć Ɨ, Ƙ Āæñ ƙ ÃîÈ (a-c)              
ÖČóäòÛéùÃăëãóéÚ° (d-f) áóßÃãóãāÅäâóāØĀÂäâ Āæñ (g-i) áóßÃãóãāÅäâóāØĀÂäâÃîÈëóäëÂòÕ

ØöćßÛ CBD ÜäõâóÔëúÈ 
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ÖóäóÈ ƗƜ ÜäñëõØÙõáóßÃîÈăÕÅæîāäâöÿØÚ ĂÚÂóäëÂòÕ ɲ9-THC Āæñ CBD ÉóÂÖČóäòÛãó 
éùÃăëãóéÚ° 
 

Number 
of 
extraction 

Extraction efficiency of dichloromethane on an extraction of ɲ9-THC (%) 
Authen
tic 

Brand 
A 

Brand 
B 

Brand 
C 

Brand 
D 

Brand 
E 

Brand 
F 

Mean SD % 
RSD 

1 84.67 93.53 88.15 80.30 83.26 80.45 83.28 84.81 4.68 2.72 
2 99.93 99.93 99.91 100.00 99.91 99.92 99.94 99.93 0.03 0.03 
3 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 0.00 0.00 

     
 
 

Number 
of 
extraction 

Extraction efficiency of dichloromethane on an extraction of CBD (%) 
Authen
tic 

Brand 
A 

Brand 
B 

Brand 
C 

Brand 
D 

Brand 
E 

Brand 
F 
Mean SD % 

RSD 

1 89.80 92.14 89.08 94.27 82.94 84.91 81.51 87.81 4.79 4.41 
2 99.96 99.96 99.98 100.00 99.98 99.92 99.93 99.96 0.03 0.03 
3 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 0.00 0.00 

 

4.6 ÝæÂóäÿÖäöãâëóäëÂòÕìãóÛ (Crude extract) ÃîÈÖČóäòÛãóéùÃăëãóéÚ° 
 ÉóÂÂóäé÷ÂêóÂóäëÂòÕÝÈãóéùÃăëãóéÚ° ØöćÿÖäöãâÃ÷ĈÚâóÿîÈ 1 Öòèîã¬óÈ ĀæñÌøĈîÉóÂ
Ø­îÈÖæóÕ 6 ãöćì­îÖòèîã¬óÈæñ 30 Âäòâ ëÂòÕÕ­èãÖòèØČóæñæóãăÕÅæîāäâöÿØÚ ÜäõâóÖä 300 
âõææõæõÖä ëÂòÕāÕãĀË¬ÝÈãóÿÜĆÚÿèæó Ɲ èòÚ ØČóÌČĈó 3 ÅäòĈÈ ăÕ­ÜäõâóÔëóäëÂòÕìãóÛ (crude extract) 
ä­îãæñÝæÝæõÖ (%yield) îãú¬ĂÚË¬èÈä­îãæñ 3.12 · 33.89 ÕòÈÖóäóÈ 17 âö 3 ãöćì­îăÕ­ĀÂ¬ A, B Āæñ D            
Øöćâöä­îãæñÝæÝæõÖĂÂæ­ÿÅöãÈÂòÛÖČóäòÛØöćÿÖäöãâÃ÷ĈÚâóÿîÈ (ä­îãæñ 16.38) ë¬èÚãöćì­î C (ä­îãæñ 
33.89) ăÕ­ä­îãæñÝæÝæõÖÿÜĆÚëîÈÿØ¬óÃîÈÖČóäòÛØöćÿÖäöãâÃ÷ĈÚâóÿîÈ ëČóäòÛãöćì­î E Āæñ F âöä­îãæñ
ÝæÝæõÖÚ­îãÂè¬ó 6% ÝæÂóäØÕæîÈĀëÕÈĂì­ÿìĆÚè¬ó×÷ÈĀâ­ÉñÿÜĆÚÖČóäòÛãóÿÕöãèÂòÚ ĀÖ¬×­óèòÖ×ùÕõÛØöć
ÚČóâóĂË­ĂÚÂóäÝæõÖÃîÈĀÖ¬æñÛäõêòØØöćĀÖÂÖ¬óÈÂòÚ ÂĆë¬ÈÝæÖ¬îä­îãæñÝæÝæõÖĂÚÂóäëÂòÕØöćĀÖÂÖ¬óÈ
ÂòÚăÕ­ 
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ÖóäóÈ ƗƝ ĀëÕÈÚČĈóìÚòÂëóäëÂòÕìãóÛĀæñä­îãæñÝæÝæõÖ (%yield) ĂÚÂóäëÂòÕÝÈãóéùÃăëãóéÚ°
Õ­èãÖòèØČóæñæóãăÕÅæîāäâöÿØÚ 
 

ÖČóäòÛãóéùÃăëãóéÚ° ÚČĈóìÚòÂĀì­È 
(g) 

ÚČĈóìÚòÂëóäëÂòÕ (g) 
Mean ± SD 

ä­îãæñÝæÝæõÖ  
ÿØöãÛÂòÛÚČĈóìÚòÂĀì­È 

Mean ± SD 

Brand A 30  5.07 ± 0.15 16.89 ± 0.50 
Brand B 30 4.71 ± 0.18 15.70 ± 0.60 
Brand C 30 10.17 ± 0.38 33.89 ± 1.27 
Brand D 30  3.86 ± 0.11 12.86 ± 0.37 
Brand E 30 0.91 ± 0.14  3.12 ± 0.48 
Brand F 30 1.73 ± 0.12    5.78 ± 0.40    

Authentic 30 4.92 ± 0.11    16.38 ± 0.37    

 

4.7 ÝæÂóäèõÿÅäóñì°ÜäõâóÔ ɲ9-THC Āæñ CBD ĂÚëóäëÂòÕìãóÛÖČóäòÛãóéùÃăëãóéÚ° 

 ÂóäèõÿÅäóñì°ÜäõâóÔ ɲ9-THC ĂÚëóäëÂòÕìãóÛÃîÈÖČóäòÛãóéùÃăëãóéÚ°ÚČĈóìÚòÂ 30 Âäòâ

ØöćâöĂÛÂòÎËóÿÜĆÚîÈÅ°ÜäñÂîÛ 4.61 Âäòâ (15.38%) ÖäèÉßÛÜäõâóÔ  ɲ9-THC ĂÚĂÛÂòÎËó 
ĂÚË¬èÈ 0.00231 · 0.14218% Ì÷ćÈăâ¬ÿÂõÚ Ɩ.Ƙ% ÖóâØöćÂÏìâóãÂČóìÚÕ ĂÚØùÂÖòèîã¬óÈ ÕòÈĀëÕÈ 
ĂÚÖóäóÈ 18 

ÖóäóÈ Ɨƞ ÝæÂóäèõÿÅäóñì°ÜäõâóÔ ɲ9-THC ĂÚëóäëÂòÕìãóÛ ØöćÅèóâÿÃ­âÃ­Ú ƗƖ mg/ml 
 

ÖČóäòÛãó 
éùÃăëãóéÚ° 

ÚČĈóìÚòÂ 
ëóäëÂòÕ (g) 
Mean ± SD 

ÅèóâÿÃ­âÃ­Ú  

ɲ9-THC 
ĂÚëóäëÂòÕ (ng/ml) 

Mean ± SD 

ÜäõâóÔ ɲ9-THC 
(mg) ĂÚÝÈãó  
30 g 

Mean ± SD 

ä­îãæñ ɲ9-THC 
ĂÚÝÈãó ƙƖ g  

 

ä­îãæñ  

ɲ9-THC 
ĂÚĂÛÂòÎËó 
4.61 g  

 

Brand A 5.07 ± 0.15 12941.36 ± 387.88 6.56 ± 0.20 0.02187 0.14218 
Brand B 4.71 ± 0.18 5904.82 ± 247.97 2.78 ± 0.12 0.00927 0.06028 



  70 

ÖČóäòÛãó 
éùÃăëãóéÚ° 

ÚČĈóìÚòÂ 
ëóäëÂòÕ (g) 
Mean ± SD 

ÅèóâÿÃ­âÃ­Ú  

ɲ9-THC 
ĂÚëóäëÂòÕ (ng/ml) 

Mean ± SD 

ÜäõâóÔ ɲ9-THC 
(mg) ĂÚÝÈãó  
30 g 

Mean ± SD 

ä­îãæñ ɲ9-THC 
ĂÚÝÈãó ƙƖ g  

 

ä­îãæñ  

ɲ9-THC 
ĂÚĂÛÂòÎËó 
4.61 g  

 

Brand C 10.17 ± 0.38 108.54 ± 10.71 0.11 ± 0.01 0.00036 0.00231 
Brand D 3.86 ± 0.11 3260.20 ± 129.07 1.22 ± 0.05 0.00407 0.02649 
Brand E 0.91 ± 0.14  6295.47 ± 441.04 0.59 ± 0.04 0.00195 0.01271 
Brand F 1.73 ± 0.12    10462.97 ± 698.66 1.82 ± 0.12    0.00607 0.03947 
Authentic 4.92 ± 0.11    8521.71 ± 216.89 4.19 ± 0.01 0.01397 0.09084 

  
 ÂóäèõÿÅäóñì°ÜäõâóÔ CBD ĂÚëóäëÂòÕìãóÛÃîÈÖČóäòÛãóéùÃăëãóéÚ°ÚČĈóìÚòÂ ƙƖ ÂäòâØöćâö
ĂÛÂòÎËóÿÜĆÚîÈÅ°ÜäñÂîÛ 4.61 Âäòâ (15.38%) ÖäèÉßÛÜäõâóÔ  CBD ĂÚĂÛÂòÎËó ĂÚË¬èÈ 
0.00002 · 0.01541% ÕòÈĀëÕÈĂÚÖóäóÈ 19 
 
ÖóäóÈ ƗƟ ÝæÂóäèõÿÅäóñì°ÜäõâóÔ CBD ĂÚëóäëÂòÕìãóÛ ØöćÅèóâÿÃ­âÃ­Ú ƗƖ mg/ml 
 

ÖČóäòÛãó 
éùÃăë
ãóéÚ° 

ÚČĈóìÚòÂ 
ëóäëÂòÕ (g) 
Mean ± SD 

ÅèóâÿÃ­âÃ­Ú CBD 
ĂÚëóäëÂòÕ 
(ng/ml) 

Mean ± SD 

ÜäõâóÔ CBD 
(ug) ĂÚÝÈãó 30 g 

Mean ± SD 

ä­îãæñ CBD 
ĂÚÝÈãó 30 g  

 

ä­îãæñ CBD 
ĂÚĂÛÂòÎËó 

4.61 g  
 

Brand A 5.07 ± 0.15 1245.50 ± 
3109.15 

631.34 ± 55.11 0.00210 0.01368 

Brand B 4.71 ± 0.18 1509.68 ± 108.10 711.06 ± 50.92 0.00237 0.01541 
Brand C 10.17 ± 0.38 0.87 ± 0.07 0.86 ± 0.07 0.00000 0.00002 
Brand D 3.86 ± 0.11 1619.38 ± 67.76 607.13 ± 25.20 0.00202 0.01316 
Brand E 0.91 ± 0.14  167.09 ± 8.13 15.56 ± 0.72 0.00005 0.00034 
Brand F 1.73 ± 0.12    1084.84 ± 59.38 188.82 ± 10.43    0.00063 0.00409 
Authentic 4.92 ± 0.11    19.97 ± 0.60 9.82 ± 0.29 0.00003 0.00021 
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4.8 ÝæÂóäØÕëîÛåØÙõċÂóäãòÛãòĈÈÿîÚăÌâ° acetylcholinesterase 
 ÉóÂÂóäØÕëîÛåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE ßÛè¬óëóäâóÖäÑóÚ galantamine Ì÷ćÈÿÜĆÚëóä 
ØöćâöåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE ëúÈ ĀæñĂË­ÿÜĆÚ positive control ÿâøćîØČóÂóäØÕëîÛĂÚË¬èÈ 

ÅèóâÿÃ­âÃ­ÚÃîÈëóäâóÖäÑóÚ galantamine ÿØ¬óÂòÛ 1mg/ml ßÛè¬óâö %inhibition ÿØ¬óÂòÛ 78.33 ± 2.48 
 ÿâøćîØČóÂóäØÕëîÛëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ°ËòĈÚăÕÅæîāäâöÿØÚØöćÅèóâÿÃ­âÃ­ÚĂÚË¬èÈ 

0.47 ×÷È 2.5 mg/ml ßÛè¬óâöÅ¬ó IC50 ÿØ¬óÂòÛ 1.34 mg/ml  
ÖóäóÈ ƘƖ åØÙõċãòÛãòĈÈÿîÚăÌâ° acetylcholinesterase ÃîÈëóäâóÖäÑóÚ galantamine ëóäëÂòÕ
ÉóÂÖČóäòÛãóéùÃăëãóéÚ° 
 

Sample Conc. 
%Inhibition 

n1 n2 n3 mean ± SD 

Galantamine 1 µg/ml 81.18 76.74 77.05 78.33 ± 2.48 

ëóäëÂòÕ           
éùÃăëãóéÚ° 

0.47 mg/ml 35.31 22.26 13.014 23.53 ± 11.20 

0.63 mg/ml 40.66 19.79 0 20.15 ± 20.33 

0.94 mg/ml 52.04 36.85 10.82 33.24 ± 20.85 

1.25 mg/ml 57.47 54.91 30.27 47.55 ± 15.02 

1.88 mg/ml 66.60 60.49 63.29 63.46 ± 3.06 

2.50 mg/ml 79.07 76.51 74.93 76.84 ± 2.09 

Control 
 

0 0 0 0.00 ± 0.00 

IC50 ÃîÈëóäëÂòÕéùÃăëãóéÚ° = 1.34 ± 0.35 mg/ml 

 

ìâóãÿìÖù:  

*ëóäëÂòÕéùÃăëãóéÚ° (ăÕÅæîāäâöÿØÚ) ØöćÅèóâÿÃ­âÃ­Ú 0.47, 0.6ƙ Āæñ 1.88 mg/ml âöåØÙõċ 

ÂóäãòÛãòĈÈÿîÚăÌâ° acetylcholinesterase ĀÖÂÖ¬óÈÂòÛ Galantamine 1mg/mL îã¬óÈâöÚòãëČóÅòÎ
ØóÈë×õÖõ (p-value=0.014, 0.038 Āæñ 0.002 ÖóâæČóÕòÛ) 
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*ëóäëÂòÕéùÃăëãóéÚ° (ăÕÅæîāäâöÿØÚ) ØöćÅèóâÿÃ­âÃ­Ú 0.94, 1.25, 2.5  mg/ml âöåØÙõċÂóäãòÛãòĈÈ

ÿîÚăÌâ° acetylcholinesterase ăâ¬ĀÖÂÖ¬óÈÂòÛ Galantamine 1 mg/mL (p-value= 0.065, 
0.072, 0.470 ÖóâæČóÕòÛ) 

4.9 ÝæÂóäØÕëîÛåØÙõċÖ­óÚîÚùâúæîõëäñ Õ­èãèõÙö DPPH scavenging assay 
 ÉóÂÂóäØÕëîÛåØÙõċÖ­óÚîÚùâúæîõëäñāÕãĂË­ DPPH scavenging assay ÃîÈëóä
âóÖäÑóÚ Ascorbic acid ØöćÅèóâÿÃ­âÃ­ÚĂÚË¬èÈ 0.78 ×÷È 25 µg/ml ßÛè¬ó IC50 ÃîÈ Ascorbic acid  
âöÅ¬óÿØ¬óÂòÛ 6.46 ± 2.09 µg/ml ÿâøćîØČóÂóäØÕëîÛëóäëÂòÕÉóÂÖČóäòÛãóéùÃăëãóéÚ°ËòĈÚăÕÅæîāä
âöÿØÚ ØöćÅèóâÿÃ­âÃ­ÚĂÚË¬èÈ 12.5 -800 µg/ml ßÛè¬ó ëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° Brand A, B, 
C, D, E, F Āæñ Authentic âöÅ¬ó IC50 ÿØ¬óÂòÛ 158.07 ± 52.38 µg/ml, 194.61 ± 58.43 µg/ml, 
183.95 ± 64.85 µg/ml, 234.86 ± 61.06 µg/ml, 223.21 ± 62.57µg/ml, 225.82 ± 60.81µg/ml 
Āæñ 153.93 ± 40.87µg/ml ÖóâæČóÕòÛ Ì÷ćÈâöÅ¬óâóÂÂè¬ó IC50 ÃîÈëóäâóÖäÑóÚ Ascorbic acid 
îöÂØòĈÈÖČóäòÛãóéùÃăëãóéÚ°ËòĈÚÖòèØČóæñæóãÿîØóÚîæÅèóâÿÃ­âÃ­ÚĂÚË¬èÈ 12.5 -800 µg/ml ßÛè¬ó  
ëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° Brand A, B, C, D, E, F Āæñ Authentic âöÅ¬ó IC50 ÿØ¬óÂòÛ 98.20  
± 49.52 µg/ml, 16.76 ± 9.98 µg/ml, 64.15 ± 4.62 µg/ml, 36.10 ± 25.81µg/ml, 82.12  
± 35.27µg/ml, 107.43 ± 58.15 µg/ml Āæñ 27.40 ± 15.15 µg/ml ÖóâæČóÕòÛ 
ÖóäóÈ ƘƗ ĀëÕÈÝæÂóäØÕëîÛåØÙõċÖ­óÚîÚùâúæîõëäñÕ­èãèõÙö DPPH ÃîÈëóäëÂòÕØöćĂË­ăÕÅæî         
āäâöÿØÚĀæñÿîØóÚîæĂÚÂóäëÂòÕ  
 

Öòèîã¬óÈ ËòĈÚÖòèØČóæñæóã 
ăÕÅæîāäâöÿØÚ 

ËòĈÚÖòèØČóæñæóãÿîØóÚîæ 

IC50 (mg/ml) IC50 (mg/ml) 

Brand A 158.07 Į 52.38 98.20 Į 49.52 
Brand B 194.61 Į 58.43 16.76 Į 9.98 
Brand C 183.95 Į 64.85 64.15 Į 4.62 
Brand D 234.86 Į 61.06 36.10 Į 25.81 
Brand E 223.21 Į 62.57 82.12 Į 35.27 
Brand F 225.82 Į 60.81 107.43 Į 58.15 
Authentic 153.93 Į 40.87 27.40 Į 15.15 
Ascorbic acid 6.46 Į 2.09 



  73 

ìâóãÿìÖù: ÂóäëÂòÕÕ­èãăÕÅæîāäâöÿØÚâöåØÙõċÖ­óÚîÚùâúæîõëäñÕ­èãèõÙö DPPH ĀÖÂÖ¬óÈÉóÂÂóä
ëÂòÕÕ­èãÿîØóÚîæîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõØöćäñÕòÛ 0.05 āÕãĂË­ë×õÖõ t-Test 

4.10 ÝæÂóäé÷ÂêóîòÚÖäÂõäõãóäñìè¬óÈëóäëČóÅòÎĂÚÖČóäòÛãóéùÃăëãóéÚ°Õ­èãÿØÅÚõÅ             
āâÿæÂùæóä°ÕĆîÂÂõÈ  

4.10.1 ÂóäÿÖäöãâāÅäÈëä­óÈÃ­îâúæ 

 ÕóèÚ°āìæÕăàæ°āÅäÈëä­óÈÃîÈÿîÚăÌâ° AChE ĀæñāÅäÈëä­óÈëóäëČóÅòÎÉóÂëâùÚăßä 
ĂÚÖČóäòÛãóéùÃăëãóéÚ° ăÕ­ĀÂ¬ ëñÿÕó 8 äóãÂóä ëâùæĀè­È 55 äóãÂóä ÿØöãÚÕČó 23 äóãÂóä āÂÑ
ÂäñÕúÂ 5 äóãÂóä ÝæÉòÚØÚ° 11 äóãÂóä ÕîÂÛùÚÚóÅ 6 äóãÂóä ßäõÂăØã, ÕöÜæö 17 äóãÂóä ÃõÈ
Āì­È 27 äóãÂóä ĀæñÂòÎËó 28 äóãÂóä ØòĈÈëõĈÚ ÉČóÚèÚ 180 äóãÂóä âóĀÜæÈăàæ°Ã­îâúæÉóÂăàæ°
ÚóâëÂùæ .sdf ÿÜĆÚăàæ°ÚóâëÂùæ .pdb Õ­èãāÜäĀÂäâ Discovery Studio Visualizer 
 ĂÚÂóäé÷ÂêóāâÿæÂùæóä°ÕĆîÂÂõÈ ÉñĂË­āÜäĀÂäâ Autodock 4.2 ÿßøćîìóßóäóâõÿÖîä° 
ØöćÿìâóñëâëČóìäòÛÂóäØČóāâÿæÂùæóä°ÕĆîÂÂõÈÃîÈÿîÚăÌâ° AChE Âóäé÷ÂêóÚöĈĂË­āÜäÖöÚÿÜ­óìâóã 
äìòë 7E3H.pdb ĂË­āÅäÈëä­óÈãó Donepezil ÿÜĆÚëóäÅèÛÅùâ ÉóÂÝæÂóäèõÿÅäóñì° ßÛè¬ó ãó 
Donepezil ÿÂõÕîòÚÖäÂõäõãó Hydrophobic Interactions ÂòÛÂäÕîñâõāÚ TRP 86A TYR 337A 
PHE 338A TYR 341A ÿÂõÕîòÚÖäÂõäõãó Hydrogen Bonds ÂòÛÂäÕîñâõāÚ PHE 295 A ĀæñÿÂõÕ 

 ̄ -Stacking ÂòÛÂäÕîñâõāÚ TRP 86A TRP 286A TYR 341A ÖóâáóßÜäñÂîÛ 14  
 

 

 

 

 

áóßÜäñÂîÛ 14 ĀëÕÈæõĀÂÚÕ° E20 (donepezil) 

Øöćâó: Melissa F Adasme ĀæñÅÔñ (2021) 
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ÿâøćîăÕ­ÖČóĀìÚ¬ÈÃîÈãó Donepezil ĂÚÿîÚăÌâ° AChE Ăì­ØČóÂóäæÛæõĀÂÚÕ° ÿßøćîØČóĂì­āÅäÈëä­óÈÃîÈ
ÿîÚăÌâ° AChE ÜäóéÉóÂāÅäÈëä­óÈÃîÈãó āÕãÚČóæõĀÂÚÕ°ÿÜ­óìâóã ÉČóÚèÚ 170 äóãÂóä ÉČóæîÈ
āÅäÈëä­óÈĂÚÂóäÉòÛÂòÚÂòÛÿîÚăÌâ° AChE ÉóÂÝæÂóäØÕæîÈăÕ­ÿÖõâîñÖîâăïāÕäÿÉÚĂì­ÂòÛ
āÅäÈëä­óÈ ÿßøćîĂì­āÅäÈëä­óÈëä­óÈßòÚÙñăïāÕäÿÉÚÂòÛāÜäÖöÚÿÜ­óìâóã ÚîÂÉóÂÚöĈāÅäÈëä­óÈÃîÈ
ÿîÚăÌâ°ÕòÈÂæ¬óèÉñăâ¬âöîñÖîâîõëäñ ĀæñāâÿæÂùæÃîÈÚČĈóÿßøćîĂì­ăÕ­āÅäÈëä­óÈØöćÿìâóñëâëČóìäòÛ
Âóäé÷ÂêóÃòĈÚÖîÚÖ¬îăÜ 
 4.10.2 ÂóäØČóāâÿæÂùæóä°ÕĆîÂÂõÈ 
 ØČóÂóäÂČóìÚÕĀÝÚØöćÂäõÕ (Grid Box) ÿßøćîĂì­ÅäîÛÅæùâāÜäÖöÚÿÜ­óìâóã ÂČóìÚÕĂì­ĀÂÚ x 
= -40.919, y = 35.841, z = -29.382 ÃÚóÕÃîÈ Grid ØöćĂË­èõÿÅäóñì° Åøî 60 Å ×60 Å ×60 Å 
ÉČóÚèÚäîÛĂÚÂóäØČóāâÿæÂùæóä°ÕĆîÂÂõÈÿØ¬óÂòÛ 50 äîÛ ÿÚøćîÈÉóÂìóÂÿßõćâÉČóÚèÚäîÛÅ¬óßæòÈÈóÚØöć
ăÕ­ăâ¬ĀÖÂÖ¬óÈÂòÚ ĀæñÂóäÿßõćâÉČóÚèÚäîÛîóÉë¬ÈÝæĂì­äñãñÿèæóØöćĂË­ĂÚÂóäÅČóÚèÔâóÂÃ÷ĈÚ ØČó
ÂóäÛòÚØ÷ÂÅ¬óéúÚã°ÂæóÈØöćăÕ­ÿßøćîÂČóìÚÕÃîÛÿÃÖÛäõÿèÔØöćÖòèãòÛãòĈÈÉòÛÂòÛāÜäÖöÚÿÜ­óìâóãØöćÉČóÿßóñ
ĀæñĂì­Å¬óÅèóâ×úÂÖ­îÈÃîÈßæòÈÈóÚØöćĂË­ĂÚÂóäÉòÛÂòÚâóÂãõćÈÃ÷ĈÚ  
 4.10.3 ÂóäèõÿÅäóñì°äúÜĀÛÛÂóäÉòÛÂòÚäñìè¬óÈæõĀÂÚÕ°ÂòÛāÜäÖöÚÿÜ­óìâóã 
 ĂË­āÜäĀÂäâ Discovery Studio Visualizer èõÿÅäóñì°äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛ
äñìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
 4.10.4 Âóäé÷ÂêóäúÜĀÛÛÂóäÉòÛÂòÚÃîÈÿîÚăÌâ° AChE ÂòÛëóäëČóÅòÎ 
  4.10.4.1 äúÜĀÛÛÂóäÉòÛÂòÚÃîÈÿîÚăÌâ°æÂòÛëóäëČóÅòÎÃîÈëâùÚăßäØöćëÚĂÉ 
ÿäöãÈæČóÕòÛÅ¬óßæòÈÈóÚØöćÖČćóëùÕ -11 ×÷È -8 ÿÜĆÚÖòèãòÛãòĈÈÿîÚăÌâ° AChE ßä­îâØòĈÈĀëÕÈÂóäÿÃ­óÉòÛ
ìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã  
  ÝæÂóäé÷ÂêóßÛÂóäÿÂõÕîòÚÖäÂõäõãó Hydrogen Bonds ÂòÛÂäÕîñâõāÚ PHE 295 A  
ÃîÈ donepezil, catechin, quercetin, cynaropicrin, mesuaferrone A, mesuaferrone B, 
pipercallosine, piperlongumine, CBDVA, CBDA, cannflavin C, cannabisin D Ā æ ñ 
denbinobin Ì÷ćÈëîÕÅæ­îÈÂòÛÈóÚèõÉòãÃîÈ (Ahmad ĀæñÅÚîøćÚ ą, ƘƖƘƚ) Āæñ (Jamal, Khan, 
Alharbi, Ahmad, Āæñ Yadav, 2023) 
  ÝæÂóäé÷ÂêóßÛÂóäÿÂõÕîòÚÖäÂõäõãó Pi-Pi Stacked ÂòÛÂäÕîñâõāÚ TRP 86A, 
TRP 286A Āæñ TYR 341A ØöćÃîÈdonepezil, galantamine, rivastigmine, epicatechin, 
chlorogenic acid, catechin, quercetin, apigenin, mesuaferrone A, mesuaferrone B, 
piperanine, piperine, piperdadine, dehydropipernonaline, pipernonaline, piperolein B, 
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piperundecalidine, pipercallosine, piperolactam C, CBGVA, CBG, CBDVA, CBD, THCV, 

ɲ9-THC, THCA, CBC, cannflavin A, N-trans-coumaroyltyramine, N-trans-
feruloyltyramine, N-trans-caffeoyltyramine, cannabisin D, denbinobin, cannabistilbene I, 
dihydroresveratrol Āæñ cannabispiran Ì÷ćÈëîÕÅæ­îÈÂòÛÈóÚèõÉòãÃîÈ (Ahmad ĀæñÅÚîøćÚ ą, 
ƘƖƘƚ) Āæñ (Jamal ĀæñÅÚîøćÚ ą, 2023) 
  4.10.4.2 ÂóäØČóāâÿæÂùæóä°ÕĆîÂÂõÈÿÜĆÚÂóäé÷ÂêóÂóäîîÂĀÛÛāâÿæÂùæëóä 
āÕãÅČóÚ÷È×÷ÈäúÜĀÛÛÂóäã÷ÕÉòÛäñìè¬óÈāÜäÖöÚÂòÛæõĀÂÚÕ° āÕãßõÉóäÔóÉóÂÅ¬óßæòÈÈóÚĂÚÂóäã÷ÕÉòÛ 
(Binding Energy) ×­óßæòÈÈóÚã÷ÕÉòÛâöÅ¬óÿÜĆÚæÛĀëÕÈè¬óÂóäã÷ÕÉòÛÂòÚäñìè¬óÈ 2 āâÿæÂùæëóâóä×
ÉòÛÂòÚăÕ­Õö Ì÷ćÈëóäëČóÅòÎÃîÈëâùÚăßäăØãØòĈÈìâÕ 170 ËÚõÕ ëóâóä×ÿÃ­óÉòÛÂòÛÿîÚăÌâ° AChE ăÕ­Õö 
ÕòÈĀëÕÈĂÚÖóäóÈØöć 22 
ÖóäóÈ ƘƘ ĀëÕÈÅ¬óßæòÈÈóÚÂóäã÷ÕÉòÛ (Binding Energy) (ĂÚìÚ¬èã kcal/mol) äñìè¬óÈāÜäÖöÚ 
ÂòÛæõĀÂÚÕ°ĀæñëâùÚăßäÃîÈæõĀÂÚÕ° 
 

æČóÕòÛ ËøćîëâùÚăßä ëóäëČóÅòÎ/           
ãóĀÝÚÜòÉÉùÛòÚ 

Å¬óßæòÈÈóÚ (Kcal/mol) 

1 - Donepezil -11.7 

2 - Galantamine -9.6 

3 - Rivastigmine -8.2 

4 ëñÿÕó betulin -8.5 
caryophyllene oxide -10.0 

3-acetyl-11-keto-b-
boswellic acid 

-8.6 

ecgonine -5.4 
epicatechin -10.0 
lupeol -9.0 

5 ëâùæĀè­È hexanal -4.4 
tetradecanal -6.2 
limonene aldehyde -7.2 
Z-cinnamaldehyde -7.3 
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æČóÕòÛ ËøćîëâùÚăßä ëóäëČóÅòÎ/           
ãóĀÝÚÜòÉÉùÛòÚ 

Å¬óßæòÈÈóÚ (Kcal/mol) 

1-Hexanol -4.4 

a-amyl cinnamyl 
alcohol 

-7.7 

1,8-cineole -6.9 

-pinene -6.7 

linalool -6.2 

- terpinene -7.1 

-thujene -6.8 

p-cymene -7.1 
(E)-b-ocimene -6.6 
camphene -6.6 
cis-piperitol -6.8 

endo-fenchol (-
fenchol) 

-5.7 

geraniol -6.7 
geranyl acetate -7.2 
germacrene-D -8.6 
limonene -6.9 
nerol -6.3 
neryl acetate -7.3 
myrcene -6.5 
spathulenol -8.1 
terpinen-4-ol -6.8 
terpinolene -7.2 

b-caryophyllene -8.5 

b-elemene -8.5 

b-pinene -6.7 
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æČóÕòÛ ËøćîëâùÚăßä ëóäëČóÅòÎ/           
ãóĀÝÚÜòÉÉùÛòÚ 

Å¬óßæòÈÈóÚ (Kcal/mol) 

b-selinene -9.5 

d-cadinol -8.7 

d-guaiene  

( -bulnesene) 

-8.3 

-cadinol -8.6 

- humulene -8.5 

-panasinsene -8.6 

-phellandrene -6.9 

- selinene -9.5 

-terpineol -6.9 

13-epi-manoyl oxide -8.5 

7-epi-a-selinene -9.2 

Borneol -6.4 
Camphor -6.8 

E-b-ocimene -5.4 

epi-a-cadinol -8.8 

guaiol -9.2 
isoborneol -6.4 
phytol -7.0 
pinene -5.8 
sabinene -6.7 
sclareolide -9.3 

a-trans-bergamotene -8.5 

a-zingiberene -8.9 

a-fenchol -6.7 

g-terpineol -7.0 
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æČóÕòÛ ËøćîëâùÚăßä ëóäëČóÅòÎ/           
ãóĀÝÚÜòÉÉùÛòÚ 

Å¬óßæòÈÈóÚ (Kcal/mol) 

d-3-carene -6.8 

6 ÿØöãÚÕČó thymoquinone -7.4 
thymohydroquinone -7.2 
thymol -7.1 

a-Pinene -6.7 

b-Pinene -6.7 

p-Cymene  -7.1 
carvacrol  -7.1 
dithymoquinone -10.2 
gallic acid -6.5 
ferulic acid -7.5 
vanillic acid -6.5 
p-coumaric acid -7.3 
chlorogenic acid -10.0 
catechin -9.3 
quercetin -9.4 
apigenin -10.1 
linoleic acid -7.5 
oleic acid -6.7 
palmitic acid -6.4 
stearic acid -6.8 
lauric acid -6.4 
myristic acid -5.8 
linolenic acid -7.1 

7 āÂÑÂäñÕúÂ costunolide -9.0 
dihydrocostunolide -9.3 
dehydrocostus lactone -9.5 
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æČóÕòÛ ËøćîëâùÚăßä ëóäëČóÅòÎ/           
ãóĀÝÚÜòÉÉùÛòÚ 

Å¬óßæòÈÈóÚ (Kcal/mol) 

mokko lactone -9.5 
cynaropicrin -9.5 

8 ÝæÉòÚØÚ° g-terpinene -7.0 

a-terpineol -6.9 

anethole -6.8 
thymol -7.2 

a-Copaene -8.7 

eugenol -7.0 
methyl eugenol -7.1 
caryophyllene -8.5 
trans-isoeugenol -6.9 
isoelemicin -7.3 
tetradecanoic acid -6.4 

9 ÕîÂÛùÚÚóÅ mesuaferrone A  -11.4 
mesuaferrone B -11.5 
mesuanic acid -9.2 

a - amyrin -9.2 

b - amyrin -9.8 

·̡ sitosterol -10.2 

10 ßäõÂăØãĀæñÕöÜæö piperanine -9.8 
piperine -10.5 
piperdardine -10.3 
dehydropipernonaline -10.5 
pipernonaline -9.7 
piperolein B -9.0 
piperundecalidine -9.8 
piperchabamide C -7.1 
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æČóÕòÛ ËøćîëâùÚăßä ëóäëČóÅòÎ/           
ãóĀÝÚÜòÉÉùÛòÚ 

Å¬óßæòÈÈóÚ (Kcal/mol) 

pipercallosine -9.3 
retrofractamide B -7.5 
guineensine -7.2 
brachystamide B -6.6 
pellitorine -7.5 
neopellitorine B -8.1 
brachyamide A -6.7 
piperolactam C -9.1 
piperlongumine -9.4 

11 ÃõÈĀì­È -hterpinene -7.1 

-hterpineol -6.9 

4-terpineol -6.8 
terpinolene -7.2 
cineole -6.9 

-̡Eudesmol -9.8 

nerol -6.2 
trans-nerolidol -7.8 
4-isopropylbenzyl 
alcohol 

-6.7 

3,7-dimethylocta-1,6-
dien-3-ol 

-6.3 

3,7-dimethyloct-6-en-
1-yn-3-ol 

-3.9 

3-methylhexan-2-ol -5.1 
cis-piperitol -6.8 
borneol -6.4 
elemol -8.5 
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æČóÕòÛ ËøćîëâùÚăßä ëóäëČóÅòÎ/           
ãóĀÝÚÜòÉÉùÛòÚ 

Å¬óßæòÈÈóÚ (Kcal/mol) 

butanal -3.8 
germacrone -7.6 
2,6-dimethylhept-5-
enal 

-6.0 

2-heptanone -5.0 
neryl acetate -6.9 
geranyl propionate -7.4 
endo-bornyl acetate -7.5 
sec-butyl acetate -4.8 
allo-aromadendrene -8.7 

-̡sesquiphellandrene -8.8 

-hcedrene -8.7 

-̡thujene -6.7 

12 ÂòÎËó cannabigerovarinic 
Acid (CBGVA) 

-9.8 

cannabigerol (CBG) -9.0 
cannabidivarin (CBDV) -8.7 
cannabidivarinic acid 
(CBDVA) 

-8.5 

cannabidiol (CBD) -8.9 
cannabidiolic Acid 
(CBDA) 

-9.2 

tetrahydrocannabivarin 
(THCV) 

-9.7 

delta-9-
tetrahydrocannabivarin
ic acid (THCVA) 

-9.8 
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æČóÕòÛ ËøćîëâùÚăßä ëóäëČóÅòÎ/           
ãóĀÝÚÜòÉÉùÛòÚ 

Å¬óßæòÈÈóÚ (Kcal/mol) 

delta-9-
tetrahydrocannabinol 
(THC)  

-10.3 

tetrahydrocannabinolic 
acid (THCA) 

-9.9 

cannabichromevarin 
(CBCV) 

-9.9 

cannabichromevarinic 
acid (CBCVA) 

-9.8 

cannabichromene 
(CBC) 

-9.6 

cannabichromenic 
Acid (CBCA) 

-9.7 

cannflavin A -11.2 
cannflavin B -11.3 
cannflavin C -10.3 
N-trans-
coumaroyltyramine 

-10.2 

N-trans-
feruloyltyramine 

-9.5 

N-trans-
caffeoyltyramine 

-10.1 

cannabisin D -9.7 
denbinobin -9.5 
cannabistilbene I -10.1 
dihydroresveratrol -9.2 
cannabispiran -8.9 
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æČóÕòÛ ËøćîëâùÚăßä ëóäëČóÅòÎ/           
ãóĀÝÚÜòÉÉùÛòÚ 

Å¬óßæòÈÈóÚ (Kcal/mol) 

cannabispirenone -9.2 
cannabispiradienone -9.2 
hordenine -6.5 

 
 4.10.4.3 ÂóäèõÿÅäóñì°ÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß ÿÜĆÚÂóäÜäñÿâõÚÅùÔëâÛòÖõØóÈÿÅâö
ĀæñÅèóâÿìâóñëâÃîÈëóäĂÚÂóäßòÓÚóãó āÕãĂË­āÜäĀÂäâ SwissADME ÃîÈ Molecular 
Modelling Group of the Swiss Institute of Bioinformatics āÕãĀãÂÖóâÂæù¬âëóäÕòÈÚöĈ 
 ëóäÂæù¬âàæóāèÚîãÕ° ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß ßÛè¬ó          
 ëóä epicatechin, lupeol, cannflavin A, cannflavin B, cannflavin C, catechin, quercetin 
Āæñ apigenin Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ãÂÿè­Úëóä mesuaferrone A Āæñ 
mesuaferrone B îöÂØòĈÈÅ¬óÉČóÚèÚÝú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈ
âöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, 
HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 5 Ì÷ćÈëóäĂÚÂæù¬âàæóāèÚîãÕ°Ý¬óÚÿÂÔÒ°ÉČóÚèÚÝú­äòÛ
ßòÚÙñăïāÕäÿÉÚ (HBA) ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (HBD) ëČóìäòÛÅ¬óßøĈÚØöćÝõèÃòĈè 
Topological Polar Surface Area (TPSA) ëóäÂæù¬âàæóāèÚîãÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ āÕãÖ­îÈ
âöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ãÂÿè­ÚØöćâöÅ¬óâóÂÂè¬ó 140 ÃîÈëóä mesuaferrone A Āæñ
mesuaferrone B ëČóìäòÛÿÂÔÒ°ÃîÈ Lipinski³s violation âöÿßöãÈ mesuaferrone A Āæñ 
mesuaferrone B Øöćăâ¬Ý¬óÚÿÂÔÒ°ÕòÈÂæ¬óè ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä°ÃîÈëóä
Âæù¬âàæóāèÚîãÕ° ßÛè¬ó âöÿßöãÈëóä lupeol Øöćëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­  ÕòÈĀëÕÈÖóâÖóäóÈ 23 
 
ÖóäóÈ Ƙƙ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âàæóāèÚîãÕ° 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬â 
àæóāèÚîãÕ° 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ëñÿÕó epicatechin 290.27 6 5 110.38 Yes No 
lupeol 426.70 1 1 20.20 Yes Yes 
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Ëøćî
ëâùÚăßä 

ëóäÂæù¬â 
àæóāèÚîãÕ° 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÛùÚÚóÅ mesuaferrone 
A 

542.49 10 6 173.98 No No 

mesuaferrone 
B 

540.47 10 6 177.89 No No 

mesuanic acid - - - - - - 

ÂòÎËó cannflavin A 436.50 6 3 100.13 Yes No 
cannflavin B 368.38 6 3 100.13 Yes No 
cannflavin C 436.50 6 3 100.13 Yes No 

ÿØöãÚÕČó catechin 290.27 6 5 110.38 Yes No 
quercetin 302.24 7 5 131.36 Yes No 
apigenin 270.24 5 3 90.90 Yes No 

 

 ëóäÂæù¬âîòæÅóæîãÕ° ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæîãú¬
ĂÚË¬èÈ 165.23 - 411.28 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚÝú­äòÛ
ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 Āæñ
ÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 5 Ì÷ćÈëóäĂÚÂæù¬âîòæÅóæîãÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚÕòÈÂæ¬óè Å¬óßøĈÚØöćÝõèÃòĈè Topological 
Polar Surface Area (TPSA) ëóäÂæù¬âîòæÅóæîãÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ āÕãâöÅ¬óÚ­îãÂè¬óìäøî
ÿØ¬óÂòÛ 140 ÿÂÔÒ°ÃîÈ Lipinski³s violation ëóäÂæù¬âîòæÅóæîãÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ë¬èÚÂóä
ØČóÚóãÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó âöÿßöãÈëóä ecgonine Øöćăâ¬ëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬
ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 24 
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ÖóäóÈ Ƙƚ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âîòæÅóæîãÕ° 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬âîòæÅóæîãÕ° Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-
bond 
donors 

TPSA Lipinski BBB 

ëñÿÕó ecgonine 185.22 4 2 60.77 Yes No 

ÂòÎËó hordenine 165.23 2 1 23.47 Yes Yes 

ßäõÂăØã/
ÕöÜæö 

piperanine 287.35 3 0 38.77 Yes Yes 
piperine 285.34 3 0 38.77 Yes Yes 
piperdardine 313.39 3 0 38.77 Yes Yes 

dehydropipernonaline 339.43 3 0 38.77 Yes Yes 
pipernonaline 341.44 3 0 38.77 Yes Yes 
piperolein B 343.46 3 0 38.77 Yes Yes 

piperundecalidine 367.48 3 0 38.77 Yes Yes 
piperchabamide C 395.25 4 0 38.77 Yes Yes 

pipercallosine 329.43 3 1 47.56 Yes Yes 
retrofractamide B 355.47 3 1 47.56 Yes Yes 

guineensine 383.25 4 1 47.56 Yes Yes 
brachystamide B 411.28 4 1 47.56 Yes Yes 

pellitorine 223.35 1 1 29.10 Yes Yes 
neopellitorine B 235.37 1 0 20.31 Yes Yes 
brachyamide A 381.23 4 0 38.77 Yes Yes 
piperolactam C 309.32 4 1 60.55 Yes Yes 

 
 
 ëóäÂæù¬âĀÅÚÚóÛõÚîãÕ° ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæ
îãú¬ĂÚË¬èÈ 286.41 - 358.47 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚ
Ýú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 
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ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 5 Ì÷ćÈëóäĂÚÂæù¬âĀÅÚÚóÛõÚîãÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚÕòÈÂæ¬óè Å¬óßøĈÚØöćÝõèÃòĈè 
Topological Polar Surface Area (TPSA) ëóäÂæù¬âĀÅÚÚóÛõÚîãÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ āÕãâö
Å¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ÿÂÔÒ°ÃîÈ Lipinski³s violation ëóäÂæù¬âĀÅÚÚóÛõÚîãÕ°Ý¬óÚÿÂÔÒ°
ÂóäÜäñÿâõÚ ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó ëóä cannabigerovarinic 
acid, cannabigerol, cannabidiolic acid, tetrahydrocannabinolic acid, cannabichromene 
Āæñ cannabichromenic acid ăâ¬ëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 25 
ÖóäóÈ Ƙƛ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âĀÅÚÚóÛõÚîãÕ° 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬âĀÅÚÚó 
ÛõÚîãÕ° 

Molecular 
weight 

Num. 
H-bond 
accepto
rs 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÂòÎËó cannabigerova 
rinic acid 
(CBGVA) 

332.43 4 3 77.76 Yes No 

cannabigerol 
(CBG) 

316.48 2 2 40.46 Yes No 

cannabidivarin 
(CBDV) 

286.41 2 2 40.46 Yes Yes 

cannabidivarinic 
acid (CBDVA) 

330.42  4 2 66.76 Yes Yes 

cannabidiol 
(CBD) 

314.46 2 2 40.46 Yes Yes 

 cannabidiolic 
acid (CBDA) 

358.47  4 3 77.76  Yes No 

delta-9-
Tetrahydrocanna
bivarinic acid 
(THCVA) 

330.42 4 2 66.76 Yes Yes 
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Ëøćî
ëâùÚăßä 

ëóäÂæù¬âĀÅÚÚó 
ÛõÚîãÕ° 

Molecular 
weight 

Num. 
H-bond 
accepto
rs 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

delta-9-
tetrahydrocanna
binol (THC) 

314.46 2 1 29.46 Yes Yes 

tetrahydrocanna
binolic acid 
(THCA) 

358.47 
 

4 2 66.76  Yes No 

cannabichrome
varin (CBCV) 

286.41  2 1 29.46  Yes Yes 

cannabichrome
varinic acid 
(CBCVA) 

330.42 4 2 66.76 Yes Yes 

cannabichromene 
(CBC) 

314.46 2 1 29.46 Yes No 

cannabichromenic 
acid (CBCA) 

358.47 4 2 66.76 Yes No 

 
ëóäÂæù¬âÿØîä°ÜöÚ ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæîãú¬ĂÚË¬èÈ 
134.22 · 426.39 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚÝú­äòÛßòÚÙñ
ăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 Āæñ
ÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 5 Ì÷ćÈëóäĂÚÂæù¬âÿØîä°ÜöÚÝ¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚÕòÈÂæ¬óè Å¬óßøĈÚØöćÝõèÃòĈè Topological Polar 
Surface Area (TPSA) ëóäÂæù¬âÿØîä°ÜöÚÝ¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 
ÿÂÔÒ°ÃîÈ Lipinski³s violation ëóäÂæù¬âÿØîä°ÜöÚÝ¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ë¬èÚÂóäØČóÚóã

ÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó ëóä caryophyllene, g-terpinene, germacrene-D,  

b-caryophyllene, b-elemene, b-selinene, d-guaiene, - humulene, -panasinsene,  
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- selinene, 7-epi-a-selinene, a-trans-bergamotene Āæñ a-zingiberene ăâ¬ëóâóä×Ì÷â
Ý¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 26 
ÖóäóÈ ƘƜ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âÿØîä°ÜöÚ 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬â
ÿØîä°ÜöÚ 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÃõÈĀì­È -h
terpinene 

136.23 0 0 0.00 Yes Yes 

-h
terpineol 

154.25 1 1 20.23 Yes Yes 

4-terpineol 154.25 1 1 20.23 Yes Yes 
terpinolene 136.23 0 0 0.00 Yes Yes  
borneol 154.25 1 1 20.23 Yes Yes 
nerol 154.25 1 1 20.23 Yes Yes 
cis-
piperitol 

154.25 1 1 20.23 Yes Yes 

ÝæÉòÚØÚ° a-
Copaene 

204.35 0 0 0.00 Yes Yes 

anethole 148.20 1 0 9.23 Yes Yes 
caryophyll
ene 

204.35 0 0 0.00 Yes No 

g-
terpinene 

136.23 0 0 0.00 Yes No 

isoelemicin 208.25 3 0 27.69 Yes Yes 
tetradecan
oic acid 

228.37 2 1 37.30 Yes Yes 

thymol 150.22 1 1 20.23 Yes Yes 

a- 154.25 1 1 20.23 Yes Yes 
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Ëøćî
ëâùÚăßä 

ëóäÂæù¬â
ÿØîä°ÜöÚ 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

terpineol 

ÛùÚÚóÅ  h- amyrin 426.39 1 1 20.23 Yes Yes 

 ̡- amyrin 426.39 1 1 20.23 Yes Yes 

 ̡·  
sitosterol 

414.39 1 1 20.23 Yes Yes 

ÿØöãÚÕČó thymoquin
one 

164.20 2 0 34.14 Yes Yes 

thymohydr
o quinone 

166.22 2 2 40.46 Yes Yes 

thymol 150.22 1 1 20.23 Yes Yes 

a-Pinene 136.23 0 0 0.00 Yes Yes 

b-Pinene 136.23 0 0 0.00 Yes Yes 

p-Cymene 136.23 0 0 0.00 Yes Yes 
carvacrol 150.22 1 1 20.23 Yes Yes 
dithymoqui
none 

328.40 4 0 68.28 Yes Yes 

ëâùæĀè­È 1,8-cineole 154.25 1 0 9.23 Yes Yes 

-pinene 136.23 0 0 0.00 Yes Yes 

linalool 154.25 1 1 20.23 Yes Yes 

- 
terpinene 

136.23 0 0 0.00 Yes Yes 

-thujene 136.23 0 0 0.00 Yes Yes 

p-cymene 134.22 0 0 0.00 Yes Yes 
camphene 136.23 0 0 0.00 Yes Yes 
cis-
piperitol 

154.25 1 1 20.23 Yes Yes 
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Ëøćî
ëâùÚăßä 

ëóäÂæù¬â
ÿØîä°ÜöÚ 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

endo-
fenchol  

154.25 1 1 20.23 Yes Yes 

geraniol 154.25 1 1 20.23 Yes Yes 
geranyl 
acetate 

196.29 2 0 26.30 Yes Yes 

germacren
e-D 

204.35 0 0 0.00 Yes No 

limonene 136.23 0 0 0.00 Yes Yes 
nerol 154.25 1 1 20.23 Yes Yes 
neryl 
acetate 

196.29 2 0 26.30 Yes Yes 

myrcene 136.23 0 0 0.00 Yes Yes 
spathuleno
l 

220.35 1 1 20.23 Yes Yes 

terpinen-4-
ol 

154.25 1 1 20.23 Yes Yes 

terpinolene 136.23  0 0 0.00 Yes Yes 

 b-
caryophyll
ene 

204.35 0 0 0.00 Yes No 

 b-
elemene 

204.35 0 0 0.00 Yes No 

b-pinene 136.23 0 0 0.00 Yes Yes 

b-selinene 204.35  0 0 0.00 Yes No 

 d-cadinol 222.20 1 1 20.23 Yes Yes 

 d-guaiene 204.19 0 0 0.00 Yes No 
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Ëøćî
ëâùÚăßä 

ëóäÂæù¬â
ÿØîä°ÜöÚ 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

 -cadinol 222.37 1 1 20.23 Yes Yes 

 - 
humulene 

204.35 0 0 0.00 Yes No 

 -
panasinse
ne 

204.35  0 0 0.00 Yes No 

 -
phellandre
ne 

136.23 0 0 0.00 Yes Yes 

 - 
selinene 

204.35 0 0 0.00 Yes No 

 -
terpineol 

154.25 1 1 20.23  Yes Yes 

13-epi-
manoyl 
oxide 

290.26 1 0 9.23 Yes Yes 

7-epi-a-
selinene 

204.35  0 0 0.00 Yes No 

borneol 154.25 1 1 20.23  Yes Yes 
camphor 152.23 1 0 17.07 Yes Yes 

E-b-
ocimene 

136.23 0 0 0.00 Yes Yes 

epi-a-
cadinol 

222.37  1 1 20.23 Yes Yes 

guaiol 222.37  1 1 20.23 Yes Yes 
isoborneol 154.25 1 1 20.23 Yes Yes 
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Ëøćî
ëâùÚăßä 

ëóäÂæù¬â
ÿØîä°ÜöÚ 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

phytol 296.31 1 1 20.23 Yes Yes 
pinene 136.23  0 0 0.00 Yes Yes 
sabinene 136.23  0 0 0.00 Yes Yes 
sclareolide 250.38 2 0 26.30 Yes Yes 

a-trans-
bergamotene 

204.35  0 0 0.00 Yes No 

a-
zingiberene 

204.35 0 0 0.00 Yes No 

g-terpineol 154.25  1 1 20.23 Yes Yes 

d-3-
carene 

136.23 0 - 0.00 Yes Yes 

 
 ëóäÂæù¬âæõÂĀÚÚ ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæîãú¬
ĂÚË¬èÈ 283.32 · 624.25 g/mol Ì÷ćÈëóä cannabisin D ăâ¬Ý¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂ
āâÿæÂùæ ëČóìäòÛÉČóÚèÚÝú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA 
Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) Åøî 
Ö­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 5 Ì÷ćÈâöÿßöãÈëóä cannabisin D Øöćăâ¬Ý¬óÚÿÂÔÒ° HBD Âóä
ÜäñÿâõÚÅ¬óßøĈÚØöćÝõèÃòĈè Topological Polar Surface Area (TPSA) ĀæñÿÂÔÒ°ÃîÈ Lipinski³s 
violation ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó ëóä N-trans-feruloyltyramine 
Āæñ N-trans-caffeoyltyramine ăâ¬ëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 27 
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ÖóäóÈ ƘƝ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âæõÂĀÚÚ 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬âæõÂĀÚÚ Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-
bond 
donors 

TPSA Lipinski BBB 

ÂòÎËó N-trans-
coumaroyltyramine 

283.32 3 3 69.56 Yes Yes 

N-trans-
feruloyltyramine 

313.35 4 3 78.79 Yes No 

N-trans-
caffeoyltyramine 

299.32 4 4 89.79 Yes No 

cannabisin D 624.25 10 7 160.74 No Yes 

 
 ëóäÂæù¬âëÖöæÛöÚîãÕ° ßÛè¬ó  ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæîãú¬
ĂÚË¬èÈ 230.26 - 312.40 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚÝú­äòÛ
ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 Āæñ
ÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 5 Ì÷ćÈëóäÂæù¬âëÖöæÛöÚîãÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚÕòÈÂæ¬óè Å¬óßøĈÚØöćÝõèÃòĈè Topological 
Polar Surface Area (TPSA) ëóäÂæù¬âëÖöæÛöÚîãÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ āÕãâöÅ¬óÚ­îãÂè¬óìäøî
ÿØ¬óÂòÛ 140 ÿÂÔÒ°ÃîÈ Lipinski³s violation ëóäÂæù¬âëÖöæÛöÚîãÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ë¬èÚÂóä
ØČóÚóãÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä°ØùÂëóäëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 28 
 
ÖóäóÈ Ƙƞ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âëÖöæÛöÚîãÕ° 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬âëÖöæÛöÚîãÕ° Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÂòÎËó denbinobin 284.26 5 1 72.83 Yes Yes 
cannabistilbene I 312.40 3 2 49.69 Yes Yes 
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 ëóäÂæù¬âàöÚîæõÂ ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæîãú¬
ĂÚË¬èÈ 164.16 - 354.31g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚÝú­äòÛ
ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 Āæñ
ÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 5 Ì÷ćÈëóäÂæù¬âàöÚîæõÂÝ¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚÅ¬ó HBA ë¬èÚÅ¬ó HBD ĀæñÅ¬óßøĈÚØöćÝõèÃòĈè 
Topological Polar Surface Area (TPSA) ëóäÂæù¬âàöÚîæõÂăâ¬Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ëČóìäòÛ
ÿÂÔÒ°ÃîÈ Lipinski³s violation ëóäÂæù¬âàöÚîæõÂÝ¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ë¬èÚÂóäØČóÚóã
ÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä° âöÿßöãÈëóä vanillic acid Āæñ chlorogenic acid ăâ¬ëóâóä×Ì÷â
Ý¬óÚÿÃ­óëú¬ëâîÈăÕ­  ÕòÈĀëÕÈÖóâÖóäóÈ 29 
ÖóäóÈ ƘƟ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âàöÚîæõÂ 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬âàöÚîæõÂ Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÿØöãÚÕČó gallic acid 170.12 5 4 97.99 Yes No 
ferulic acid 194.18 4 2 66.76 Yes Yes 
vanillic acid 168.15 4 2 66.76 Yes No 
p-coumaric acid 164.16 3 2 57.53 Yes Yes 
chlorogenic acid 354.31 9 6 164.75 Yes No 

 
 ëóäÂæù¬âÿØîä°ÜöÚîãÕ° ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæîãú¬

ĂÚË¬èÈ 220.35 - 512.35 g/mol âöÿßöãÈëóä ƙ-acetyl-11-keto-b-boswellic acid ăâ¬Ý¬óÚÿÂÔÒ°ĂÚ
ÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚÝú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, 
HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond 

dihydroresveratrol 230.26 3 3 60.69 Yes Yes 
cannabispiran 246.30 3 1 46.53 Yes Yes 
cannabispirenone 244.29 3 1 46.53 Yes Yes 
cannabispiradienone 244.29 3 1 46.53 Yes Yes 
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Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 5 Ì÷ćÈëóäÂæù¬âÿØîä°ÜöÚîãÕ°Ý¬óÚÿÂÔÒ°Âóä
ÜäñÿâõÚÕòÈÂæ¬óè Å¬óßøĈÚØöćÝõèÃòĈè Topological Polar Surface Area (TPSA) ëóäÂæù¬âÿØîä°ÜöÚîãÕ° 
Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ÿÂÔÒ°ÃîÈ Lipinski³s violation âöÿßöãÈ

ëóä 3-acetyl-11-keto-b-boswellic acid ăâ¬Ý¬óÚÿÂÔÒ° ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿáëòË
ÉæÚéóëÖä° ßÛè¬ó ØùÂëóäëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 30 
ÖóäóÈ ƙƖ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âÿØîä°ÜöÚîãÕ° 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬âÿØîä° 
ÜöÚîãÕ° 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ëñÿÕó betulin 442.38 2 2 40.46 Yes Yes 
caryophyllene 
oxide 

220.35 1 0 12.53 Yes Yes 

3-acetyl-11-

keto-b-
boswellic acid 

512.35 5 1 80.67 No Yes 

 
 ëóäìâú¬àòÈÂ°ËòÚĀîæÂîïîæ° ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂ
āâÿæÂùæîãú¬ĂÚË¬èÈ 102.17 - 222.37 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛ
ÉČóÚèÚÝú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 10 ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD 
Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 5 Ì÷ćÈëóä trans-nerolidol ăâ¬Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚÅ¬ó HBA ëČóìäòÛÅ¬óßøĈÚØöć
ÝõèÃòĈè Topological Polar Surface Area (TPSA) āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ĀæñÿÂÔÒ°
ÃîÈ Lipinski³s violation ëóäìâú¬àòÈÂ°ËòÚĀîæÂîïîæ°Ý¬óÚÿÂÔÒ° ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõ 
ØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó ØùÂëóäëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ  31 
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ÖóäóÈ ƙƗ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäìâú¬àòÈÂ°ËòÚĀîæÂîïîæ° 
 

Ëøćî
ëâùÚăßä 

ëóäìâú¬àòÈÂ°ËòÚ
ĀîæÂîïîæ° 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÃõÈĀì­È cineole 154.25 1 0 9.23 Yes Yes 

-̡Eudesmol 222.37 1 1 20.23 Yes Yes 

trans-nerolidol 222.37 11 1 20.23 Yes Yes 
4-

isopropylbenzyl 
alcohol 

150.22 1 1 20.23 Yes Yes 

3,7-
dimethylocta-
1,6-dien-3-ol 

154.25 1 1 20.23 Yes Yes 

3,7-
dimethyloct-6-
en-1-yn-3-ol 

152.23 1 1 20.23 Yes Yes 

3-methylhexan-
2-ol 

116.20 1 1 20.23 Yes Yes 

elemol 222.37 1 1 20.23 Yes Yes 

ëâùæĀè­È 1-Hexanol 102.17 1 1 20.23 Yes Yes 

a-amyl 
cinnamyl 
alcohol 

204.31 
 

1 1 20.23 Yes Yes 

 
 ëóäÂæù¬âÿÌëÅèõÿØîä°ßöÚĀæÅāÖÚ ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂ
āâÿæÂùæîãú¬ĂÚË¬èÈ 230.30 - 346.37 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛ
ÉČóÚèÚÝú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 10 ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD 
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Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 5 ëóäÂæù¬âÿÌëÅèõÿØîä°ßöÚĀæÅāÖÚÝ¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ëČóìäòÛÅ¬óßøĈÚØöćÝõè
ÃòĈè Topological Polar Surface Area (TPSA) āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ĀæñÿÂÔÒ° 
ÃîÈ Lipinski³s violation ëóäÂæù¬âÿÌëÅèõÿØîä°ßöÚĀæÅāÖÚÝ¬óÚÿÂÔÒ° ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõ   
ØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó âöÿßöãÈëóä cynaropicrin Øöćăâ¬ëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈ
ÖóâÖóäóÈ 32 
ÖóäóÈ ƙƘ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âÿÌëÅèõÿØîä°ßöÚĀæÅāÖÚ 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬âÿÌë        
ÅèõÿØîä°ßöÚ           
ĀæÅāÖÚ 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-
bond 
donors 

TPSA Lipinski BBB 

āÂÑ
ÂäñÕúÂ 

costunolide 232.32 2 0 26.30 Yes Yes 
dihydrocostunolide 234.33 2 0 26.30 Yes Yes 
dehydrocostus 
lactone 

 
230.30 

2 0 26.30 Yes Yes 

mokko lactone 232.32 2 0 26.30 Yes Yes 
cynaropicrin 346.37 6 2 93.06 Yes No 

  
 ëóäÂæù¬â Fat hydrocarbon ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂ
āâÿæÂùæîãú¬ĂÚË¬èÈ 136.23 - 204.35 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛ
ÉČóÚèÚÝú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 10 ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD 
Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 5 ëóäÂæù¬â Fat hydrocarbon Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ëČóìäòÛÅ¬óßøĈÚØöćÝõèÃòĈè 
Topological Polar Surface Area (TPSA) āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ĀæñÿÂÔÒ° 
ÃîÈ Lipinski³s violation ëóäÂæù¬â Fat hydrocarbon Ý¬óÚÿÂÔÒ° ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõ   

ØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó âöÿßöãÈëóä -hcedrene Øöćăâ¬ëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈ
ÖóâÖóäóÈ 33 
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ÖóäóÈ ƙƙ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬â Fat hydrocarbon 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬â Fat 
hydrocarbon 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-
bond 
donors 

TPSA Lipinski BBB 

ÃõÈĀì­È allo-aromadendrene 204.35 0 0 0.00 Yes Yes 

-̡
sesquiphellandrene 

204.35 
 

0 0 0.00 Yes No 

-hcedrene 204.35 0 0 0.00 Yes No 

-̡tujene 136.23 0 0 0.00 Yes Yes 

 
 ëóäìâú¬àòÈÂ°ËòÚîòæāÕÅöāÖÚ ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂ
āâÿæÂùæîãú¬ĂÚË¬èÈ 72.11 - 218.33 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛ
ÉČóÚèÚÝú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 10 ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD 
Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 5 ëóäìâú¬àòÈÂ°ËòÚîòæāÕÅöāÖÚÝ¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ëČóìäòÛÅ¬óßøĈÚØöćÝõèÃòĈè 
Topological Polar Surface Area (TPSA) āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ĀæñÿÂÔÒ° 
ÃîÈ Lipinski³s violation ëóäìâú¬àòÈÂ°ËòÚîòæāÕÅöāÖÚÝ¬óÚÿÂÔÒ° ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõ 
ØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó ØùÂëóäëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ  34 
 
ÖóäóÈ ƙƚ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäìâú¬àòÈÂ°ËòÚîòæāÕÅöāÖÚ 
 

Ëøćî
ëâùÚăßä 

ëóäìâú¬
àòÈÂ°ËòÚîòæ
āÕÅöāÖÚ 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÃõÈĀì­È butanal 72.11 1 0 17.07 Yes Yes 
germacrone 218.33 1 0 17.07 Yes Yes 
2,6- 140.22 1 0 17.07 Yes Yes 
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Ëøćî
ëâùÚăßä 

ëóäìâú¬
àòÈÂ°ËòÚîòæ
āÕÅöāÖÚ 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

dimethylhept-
5-enal 
2-heptanone 114.19 1 0 17.07 Yes Yes 

  
 ëóäìâú¬àòÈÂ°ËòÚÿîëÿØîä° ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæ
îãú¬ĂÚË¬èÈ 116.16 - 210.31g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚ
Ýú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 
ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 5 ëóäìâú¬àòÈÂ°ËòÚÿîëÿØîä°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ëČóìäòÛÅ¬óßøĈÚØöćÝõèÃòĈè Topological Polar 
Surface Area (TPSA) āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ĀæñÿÂÔÒ°ÃîÈ Lipinski³s violation  
ëóäìâú¬àòÈÂ°ËòÚÿîëÿØîä°Ý¬óÚÿÂÔÒ° ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó ØùÂëóä
ëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 35 
ÖóäóÈ ƙƛ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäàòÈÂ°ËòÚÿîëÿØîä° 
 

Ëøćî
ëâùÚăßä 

ëóäìâú¬
àòÈÂ°ËòÚÿîë
ÿØîä° 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÃõÈĀì­È neryl acetate 196.29 2 0 26.30 Yes Yes 
geranyl 
propionate 

210.31 2 0 26.30 Yes Yes 

endo-bornyl 
acetate 

196.29 2 0 26.30 Yes Yes 

sec-butyl 
acetate 

116.16 2 0 26.30 Yes Yes 
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 ëóäÂæù¬âÂäÕăÃâòÚ ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæîãú¬
ĂÚË¬èÈ 200.32 - 280.45 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚÝú­äòÛ
ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 Āæñ
ÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 5 ëóäÂæù¬âÂäÕăÃâòÚÝ¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ëČóìäòÛÅ¬óßøĈÚØöćÝõèÃòĈè Topological Polar 
Surface Area (TPSA) āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ĀæñÿÂÔÒ°ÃîÈ Lipinski³s violation ëóä
Âæù¬âÂäÕăÃâòÚ Ý¬óÚÿÂÔÒ° ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó ëóä oleic acid 
Āæñ stearic acid ăâ¬ëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 36 
ÖóäóÈ ƙƜ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âÂäÕăÃâòÚ 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬â
ÂäÕăÃâòÚ 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÿØöãÚÕČó linoleic acid 280.45 2 1 37.30 Yes Yes 
oleic acid 282.46 2 1 37.30 Yes No 
palmitic 
acid 

256.42 2 1 37.30 Yes Yes 

stearic acid 284.48 2 1 37.30 Yes No 
lauric acid 200.32 2 1 37.30 Yes Yes 
myristic 
acid 

228.37 2 1 37.30 Yes Yes 

linolenic 
acid 

278.43 2 1 37.30 Yes Yes 

 

 ëóäìâú¬àòÈÂ°ËòÚĀîæÕöăïÕ° ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæ
îãú¬ĂÚË¬èÈ 100.16 - 212.37 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚ
Ýú­äòÛßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 
ĀæñÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 5 ëóäìâú¬àòÈÂ°ËòÚĀîæÕöăïÕ°Ý¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ëČóìäòÛÅ¬óßøĈÚØöćÝõèÃòĈè Topological 
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Polar Surface Area (TPSA) āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ĀæñÿÂÔÒ°ÃîÈ Lipinski³s 
violation ëóäìâú¬àòÈÂ°ËòÚĀîæÕöăïÕ°Ý¬óÚÿÂÔÒ° ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä° 
ßÛè¬ó ØùÂëóäìâú¬àòÈÂ°ËòÚĀîæÕöăïÕ°ëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 37 
ÖóäóÈ ƙƝ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäìâú¬àòÈÂ°ËòÚĀîæÕöăïÕ° 
 

Ëøćî
ëâùÚăßä 

ëóäìâú¬
àòÈÂ°ËòÚĀîæÕö
ăïÕ° 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ëâùæĀè­È hexanal 100.16 1 0 17.07 Yes Yes 
tetradecanal 212.37 1 0 17.07 Yes Yes 
limonene 
aldehyde 

166.26 1 0 17.07 Yes Yes 

Z-
cinnamaldehy
de 

147.17 2 1 32.59 Yes 
 

Yes 

 

 ëóäÂæù¬âàöÚîæ ßÛè¬ó ÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿÅâöÂóãáóß âöÚČĈóìÚòÂāâÿæÂùæîãú¬ĂÚË¬èÈ 
164.20 - 178.23 g/mol Ì÷ćÈÝ¬óÚÿÂÔÒ°ĂÚÂóäÜäñÿâõÚÚČĈóìÚòÂāâÿæÂùæ ëČóìäòÛÉČóÚèÚÝú­äòÛßòÚÙñ
ăïāÕäÿÉÚ (Hydrogen Bond Acceptor, HBA) Ö­îÈâöÅ¬ó HBA Ú­îãÂè¬óìäøîÿØ¬óÂòÛ 10 Āæñ
ÉČóÚèÚÝú­Ăì­ßòÚÙñăïāÕäÿÉÚ (Hydrogen Bond Donor, HBD) ÅøîÖ­îÈâöÅ¬ó HBD Ú­îãÂè¬óìäøî
ÿØ¬óÂòÛ 5 ëóäÂæù¬âàöÚîæÝ¬óÚÿÂÔÒ°ÂóäÜäñÿâõÚ ëČóìäòÛÅ¬óßøĈÚØöćÝõèÃòĈè Topological Polar 
Surface Area (TPSA) āÕãâöÅ¬óÚ­îãÂè¬óìäøîÿØ¬óÂòÛ 140 ĀæñÿÂÔÒ°ÃîÈ Lipinski³s violation  
ëóäÂæù¬âàöÚîæÝ¬óÚÿÂÔÒ° ë¬èÚÂóäØČóÚóãÅùÔëâÛòÖõØóÈÿáëòËÉæÚéóëÖä° ßÛè¬ó ØùÂëóäÂæù¬âàö
Úîæëóâóä×Ì÷âÝ¬óÚÿÃ­óëú¬ëâîÈăÕ­ ÕòÈĀëÕÈÖóâÖóäóÈ 38 
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ÖóäóÈ ƙƞ ÅùÔëâÛòÖõØóÈÂóãáóßÃîÈëóäÂæù¬âàöÚõæāßäßóÚîãÕ° 
 

Ëøćî
ëâùÚăßä 

ëóäÂæù¬â           
àöÚõæ        
āßäßó
ÚîãÕ° 

Molecular 
weight 

Num. 
H-bond 
acceptors 

Num.  
H-bond 
donors 

TPSA Lipinski BBB 

ÝæÉòÚØÚ° eugenol 164.20 2 1 29.46 Yes Yes 
methyl 
eugenol 

178.23 2 0 18.46 Yes Yes 

 trans-
isoeugenol 

164.20 2 1 29.46 Yes Yes 



 

ÛØØöć 5 

ëäùÜÝæ îáõÜäóãÝæÂóäèõÉòã ĀæñÃ­îÿëÚîĀÚñ 

ëäùÜĀæñîáõÜäóãÝæÂóäØÕæîÈ 

 ÂóäßòÓÚóèõÙöèõÿÅäóñì° ɲ9-THC Āæñ CBD ĂË­èõÿÅäóñì°Õ­èãÿÅäøćîÈâøî LC-MS/MS Ì÷ćÈÿÜĆÚ
ÿØÅÚõÅØöćâöÅèóâăè ĀæñÅèóâÉČóÿßóñ ëóâóä×èõÿÅäóñì°ëóäØöćâöāÅāâàîä°Ú­îãăÕ­ÕöÂè¬óÿÅäøćîÈâøî 
HPLC-UV āÕãØČóÂóäÖäèÉèòÕăîîîÚÃîÈëóäØöćĀãÂÂòÚÕ­èãÅ¬óâèæÖ¬îÜäñÉùØöćĀÖÂÖ¬óÈÂòÚăÕ­  
ĂÚÂóäèõÿÅäóñì°ÚöĈăÕ­ÿæøîÂ interface ØöćØČóìÚ­óØöćÿÜĆÚĀìæ¬ÈÂČóÿÚõÕăîîîÚ ËÚõÕ  ESI ăîîîÚØöćăÕ­×úÂ
èõÿÅäóñì°Õ­èã SRM mode ìäøî MRM mode ĂË­ÖäèÉëîÛâèæÃîÈăîîîÚØöćĀÖÂîîÂâóÉóÂ
ăîîîÚÖòĈÈÖ­Ú ÖòèĂÕÖòèìÚ÷ćÈ Ì÷ćÈ SRM ìäøî MRM ëóâóä×ĀãÂÅèóâĀÖÂÖ¬óÈÃîÈëóäØöćâöâèæÿØ¬óÂòÚ

ăÕ­ ÿØÅÚõÅ MRM ăÕ­äòÛÂóäÜäòÛÜäùÈĂì­ÿìâóñëâ ëČóìäòÛÂóäìóÜäõâóÔÃîÈ ɲ9-THC Āæñ CBD 
ÿßøćîĂì­ÿÂõÕÂóäĀëÕÈÂóääÛÂèÚÚ­îãØöćëùÕ Āæñëóâóä×èõÿÅäóñì°ëóäèõÿÅäóñì°ìæóãÖòèßä­îâÂòÚăÕ­
ĂÚÂóäèõÿÅäóñì°ÿßöãÈÅäòĈÈÿÕöãè ØČóĂì­ÿÜĆÚÿØÅÚõÅØöćâöÜäñëõØÙõáóßëČóìäòÛÂóäèõÿÅäóñì° ÜäõâóÔ 

 ɲ9-THC Āæñ CBD ØöćâöîÈÅ°ÜäñÂîÛĂÚëóäÖòèîã¬óÈØöćâöÅèóâÌòÛÌ­îÚÃîÈÖČóäòÛãóéùÃăëãóéÚ° 
 ëČóìäòÛëáóèñØöćĂË­ĂÚÂóäèõÿÅäóñì°ÃîÈ LC-MS/MS ÿßøćîĂË­ĂÚÂóäèõÿÅäóñì°ìóÜäõâóÔ             

ɲ9-THC Āæñ CBD ĂÚÈóÚèõÉòãÚöĈ ÿâøćîØČóÂóäØÕëîÛ system suitability ßÛè¬ó ØùÂìòèÃ­îØöćØČóÂóä
ØÕëîÛ ÜäñÂîÛÕ­èã resolution, tailing factor, column efficiency Āæñ %RSD âöÅ¬óîãú¬ 
ĂÚÿÂÔÒ°ØöćãîâäòÛ ĀëÕÈĂì­ÿìĆÚè¬ó ëáóèñØöćĂË­âöÅèóâÿìâóñëâĂÚÂóäèõÿÅäóñì°  âöÅèóâëóâóä×
ĂÚÂóäĀãÂ (resolution) ĀæñÂóäèõÿÅäóñì°Ăì­ÝæÿìâøîÚÿÕõâØùÂÅäòĈÈ (reproducibility) ÿßöãÈßî 
ëČóìäòÛĂË­ĂÚÂóäèõÿÅäóñì°ÖČóäòÛãóéùÃăëãóéÚ° 
 ĂÚÂóäÖäèÉëîÛÅèóâ×úÂÖ­îÈÃîÈèõÙöèõÿÅäóñì° (method validation) ĂÚìòèÃ­î

ÅèóâÉČóÿßóñÃîÈèõÙöØÕëîÛ (specificity) ÿâøćîØČóÂóäèõÿÅäóñì°ëóäâóÖäÑóÚ CBD Āæñ ɲ9-THC 
ßÛè¬ó peak âö retention time ÿØ¬óÂòÛ 4.7 Āæñ 6.2 ÚóØö ÖóâæČóÕòÛ Āæñ ăâ¬ßÛÂóääÛÂèÚÂóä
èõÿÅäóñì°ÉóÂëóäîøćÚ ą ĀëÕÈĂì­ÿìĆÚ×÷ÈÅèóâÉČóÿßóñÿÉóñÉÈÃîÈèõÙöèõÿÅäóñì° 
 ĂÚìòèÃ­îÅèóâëòâßòÚÙ°îã¬óÈÿÜĆÚÿë­ÚÖäÈĀæñË¬èÈÅèóâÿÃ­âÃ­ÚØöćĂË­ØÕëîÛ (linearity and 
range)ßÛè¬ó Ë¬èÈÅèóâÿÜĆÚÿë­ÚÖäÈÃîÈëóäâóÖäÑóÚ CBD îãú¬äñìè¬óÈË¬èÈ 0.005 ×÷È 20 µg/ml 
āÕãâöÅ¬óëòâÜäñëõØÙõċëìëòâßòÚÙ° (r) ÿØ¬óÂòÛ 0.9999, 0.9999 Āæñ 0.9999 ĀæñË¬èÈÅèóâÿÜĆÚ

ÿë­ÚÖäÈÃîÈëóäâóÖäÑóÚ ɲ9-THC îãú¬äñìè¬óÈË¬èÈ 0.005 ×÷È 20 µg/ml āÕãâöÅ¬óëòâÜäñëõØÙõċ

ëìëòâßòÚÙ° (r) ÿØ¬óÂòÛ 0.9999, 0.9999 Āæñ 0.9999 Ì÷ćÈâöÅ¬óîãú¬ĂÚÿÂÔÒ°ØöćãîâäòÛ Åøî 0.995  
É÷È×øîè¬óÝ¬óÚÿÂÔÒ° ĂÚìòèÃ­îÃöÕÉČóÂòÕĂÚÂóäÖäèÉßÛ (LOD) Āæñ ÃöÕÉČóÂòÕĂÚÂóäèòÕÿËõÈÜäõâóÔ 
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(LOQ) ßÛè¬ó ëóäâóÖäÑóÚ CBD âö LOD ÿØ¬óÂòÛ 0.3973 ng/ml Ì÷ćÈÿÜĆÚÅèóâÿÃ­âÃ­ÚÖČćóëùÕØöćßÛ 

peak ÃîÈ CBD Āæñ âö LOQ ÿØ¬óÂòÛ 1.2039 ng/ml ëČóìäòÛëóäâóÖäÑóÚ ɲ9-THC âö LOD 
ÿØ¬óÂòÛ 0.9706 ng/ml Āæñ âö LOQ ÿØ¬óÂòÛ 2.9412  ng/ml Ì÷ćÈÿÜĆÚÅèóâÿÃ­âÃ­ÚÖČćóëùÕØöćëóâóä× 
èòÕÜäõâóÔ CBD ăÕ­îã¬óÈ×úÂÖ­îÈ ĀæñĀâ¬ÚãČó ØèÚÌČĈóăÕ­ 
 ĂÚìòèÃ­îÂóäØÕëîÛÅèóâĀâ¬Ú (Accuracy) ĀæñÅèóâÿØöćãÈ (Precision) ÿâøćîØČó 
ÂóäèõÿÅäóñì°ëóäæñæóãâóÖäÑóÚ CBD ăÕ­Å¬ó %recovery ÿÊæöćã îãú¬ĂÚË¬èÈ 97.78 % - 100.15 %             
âö %RSD ÃîÈ intra-day precision îãú¬ĂÚË¬èÈ 1.51 % - 1.92 % Āæñâö %RSD ÃîÈ inter-day 

precision îãú¬ĂÚË¬èÈ 1.52 % - 1.67 % ĀæñèõÿÅäóñì° ɲ9-THC ĂË­ mass spectrometer  

ÿÜĆÚ detector Ì÷ćÈâöÅèóâÉČóÿßóñÖ¬î ɲ9-THC āÕãăâ¬âöÂóääÛÂèÚÉóÂîÈÅ°ÜäñÂîÛîøćÚĂÚÖČóäòÛãó              
éùÃăëãóéÚ° ÂóäØÕëîÛĂÚìòèÃ­î accuracy Āæñ precision ăÕ­Å¬ó %recovery ÿÊæöćã îãú¬ĂÚË¬èÈ 
98.98 % - 103.72 % âö %RSD ÃîÈ intra-day precision îãú¬ĂÚË¬èÈ 0.59 % - 2.09 %  
Āæñâö %RSD ÃîÈ inter-day precision îãú¬ĂÚË¬èÈ 1.09 % - 2.06 % Ì÷ćÈÖóâßäñäóËÛòÎÎòÖõãó
ÿëßÖõÕĂì­āØê ß.é. ƘƛƜƛ äñãùè¬ó ìæòÈÉóÂèòÚØöć 9 âõ×ùÚóãÚ 2565 ë¬èÚÜäñÂîÛÃîÈÂòÎËó 
Øöćăâ¬ÉòÕÿÜĆÚãóÿëßÖõÕĂì­āØêÜäñÿáØ ƛ ăÕ­ĀÂ¬ ÿÜæøîÂ æČóÖ­Ú ÿë­ÚĂã ÂõćÈÂ­óÚ äóÂ ĂÛØöć ăâ¬âöãîÕìäøî 

Ë¬îÕîÂÖõÕâóÕ­èã ëóäëÂòÕØöćâöëóä ɲ9-THC ÿÜĆÚë¬èÚÜäñÂîÛ   Ö­îÈăâ¬ÿÂõÚä­îãæñ 0.2 āÕã

ÚČĈóìÚòÂ ÂóÂìäøîÿéêØöćÿìæøîÉóÂÂóäëÂòÕÂòÎËóĀæñÖ­îÈâöëóä ɲ9-THC ăâ¬ÿÂõÚä­îãæñ 0.2 āÕã

ÚČĈóìÚòÂ Âóäé÷ÂêóÅäòĈÈÚöĈăÕ­ÿØöãÛÿÅöãÈÜäõâóÔ CBD  ÿØ¬óÂòÛÃ­îÂČóìÚÕÃîÈ ɲ9-THC Åøî ăâ¬ÿÂõÚ
ä­îãæñ 0.2 āÕãÚČĈóìÚòÂ ÿâøćîÿØöãÛÿÂÔÒ°ÂóäãîâäòÛÖóâÿÂÔÒ°âóÖäÑóÚ AOAC 2012 ØČóĂì­èõÙö

èõÿÅäóñì° CBD Āæñ ɲ9-THC ØöćÉñăÕ­âóÖäÑóÚÅèäâö %recovery îãú¬ĂÚË¬èÈ 90-108% Āæñ 
%RSD ăâ¬ÿÂõÚ 3% Ì÷ćÈÝæÂóäØÕëîÛÅèóâ×úÂÖ­îÈÃîÈèõÙöèõÿÅäóñì° Ý¬óÚÿÂÔÒ°âóÖäÑóÚ 
ÃîÈ AOAC2012  

  ĂÚìòèÃ­îÂóäÅòÕÿæøîÂÖòèØČóæñæóãëČóìäòÛÂóäëÂòÕ ɲ9-THC Āæñ CBD āÕãĂË­ßóäóâõÿÖîä°
ÂóäæñæóãÃîÈĀïÚÿÌÚ (HSP) ÿÜĆÚèõÙöÅòÕÿæøîÂÖòèØČóæñæóãÉóÂßóäóâõÿÖîä° 

ÂóäæñæóãĀÛÛ 3 âõÖõ ăÕ­ĀÂ¬ Å¬óÂóäæñæóãÃîÈĀäÈæîÚÕîÚ (London dispersion force, dɻ)  

Å¬óÂóäæñæóãÃîÈĀäÈÕ÷ÈÕúÕäñìè¬óÈÃòĈè (dipolar intermolecular force, pɻ)ĀæñÅ¬óßæòÈÈóÚ 

ÃîÈßòÚÙñăïāÕäÿÉÚ (energy from hydrogen bonding, hɻb) ÂóäÿÜäöãÛÿØöãÛÅ¬ó HSP  

ÃîÈ ɲ9-THC Āæñ CBD ÂòÛÖòèØČóæñæóãëóâóä×ØČóÚóãßåÖõÂääâÂóäæñæóãăÕ­ĂÚäñÛÛÖòèØČó
æñæóãÖ¬óÈ ą ÖòèØČóæñæóãØöćâöÅ¬ó HSP ĂÂæ­ÿÅöãÈÂòÛÅ¬ó HSP ÃîÈ cannabinoids ÅóÕè¬óÉñĀëÕÈ

Åèóâëóâóä×ĂÚÂóäæñæóãăÕ­Õö Å¬ó HSP ÃîÈăÕÅæîāäâöÿØÚĂÂæ­ÿÅöãÈÂòÛÅ¬ó HSP ÃîÈ ɲ9-THC 
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(Ra = 3.38) Āæñ CBD (Ra = 7.98) ÕòÈÚòĈÚÉ÷ÈÿæøîÂăÕÅæîāäâöÿØÚĂÚÂóäëÂòÕ ɲ9-THC Āæñ CBD 
ÉóÂÖČóäòÛãóéùÃăëãóéÚ° 
 ĂÚìòèÃ­îÂóäÿÖäöãâëóäëÂòÕìãóÛ (Crude extract) ÃîÈÖČóäòÛãóéùÃăëãóéÚ° āÕãëÂòÕ            
ĀË¬ÝÈãóÿÜĆÚÿèæó 7 èòÚ ØČóÌČĈó 3 ÅäòĈÈ ăÕ­ÜäõâóÔëóäëÂòÕìãóÛ (crude extract) ä­îãæñÝæÝæõÖ  
(%yield) îãú¬ĂÚË¬èÈä­îãæñ 3.12 · 33.89 ÝæÂóäØÕæîÈĀëÕÈĂì­ÿìĆÚè¬ó×÷ÈĀâ­ÉñÿÜĆÚÖČóäòÛãó
ÿÕöãèÂòÚ ĀÖ¬×­óèòÖ×ùÕõÛØöćÚČóâóĂË­ĂÚÂóäÝæõÖÃîÈĀÖ¬æñÛäõêòØØöćĀÖÂÖ¬óÈÂòÚ ÂĆë¬ÈÝæÖ¬îä­îãæñ
ÝæÝæõÖĂÚÂóäëÂòÕØöćĀÖÂÖ¬óÈÂòÚăÕ­ 

 ĂÚìòèÃ­îÂóäèõÿÅäóñì°ÜäõâóÔ ɲ9-THC Āæñ CBD ĂÚëóäëÂòÕìãóÛÖČóäòÛãóéùÃăëãóéÚ° 
Ì÷ćÈÂóäèõÿÅäóñì°ÜäõâóÔ CBD ĂÚëóäëÂòÕìãóÛÃîÈÖČóäòÛãóéùÃăëãóéÚ°ÚČĈóìÚòÂ 30 Âäòâ 
ØöćâöĂÛÂòÎËóÿÜĆÚîÈÅ°ÜäñÂîÛ 4.61 Âäòâ (15.38%) ÖäèÉßÛÜäõâóÔ  CBD ĂÚĂÛÂòÎËó ĂÚË¬èÈ 

0.00002 · 0.01541% ĀæñÂóäèõÿÅäóñì°ÜäõâóÔ ɲ9-THC ĂÚëóäëÂòÕìãóÛÃîÈÖČóäòÛ 
ãóéùÃăëãóéÚ°ÚČĈóìÚòÂ 30 ÂäòâØöćâöĂÛÂòÎËóÿÜĆÚîÈÅ°ÜäñÂîÛ 4.61 Âäòâ (15.38%) ÖäèÉßÛ

ÜäõâóÔ  ɲ9-THC ĂÚĂÛÂòÎËó ĂÚË¬èÈ 0.00231 · 0.14218% Ì÷ćÈăâ¬ÿÂõÚ 0.2% ÖóâØöćÂÏìâóã
ÂČóìÚÕ 
 ĂÚìòèÃ­îÂóäØÕëîÛåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE ßÛè¬óëóäâóÖäÑóÚ galantamine Ì÷ćÈÿÜĆÚ
ëóäØöćâöåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE ëúÈ ĀæñĂË­ÿÜĆÚ positive control ÿâøćîØČóÂóäØÕëîÛĂÚË¬èÈÅèóâ

ÿÃ­âÃ­ÚÃîÈëóäâóÖäÑóÚ galantamine ÿØ¬óÂòÛ 1 mg/ml ßÛè¬óâö %inhibition ÿØ¬óÂòÛ 78.33  
± 2.48 ÿâøćîØČóÂóäØÕëîÛëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° ËòĈÚăÕÅæîāäâöÿØÚØöćÅèóâÿÃ­âÃ­ÚĂÚË¬èÈ 
0.47 ×÷È 2.5 mg/ml ßÛè¬óâöÅ¬ó ICƛƖ ÿØ¬óÂòÛ 1.34 ± 0.35 mg/ml Ì÷ćÈĂÚÖČóäòÛãóéùÃăëãóéÚ°âö
ÂòÎËóÿÜĆÚë¬èÚÜäñÂîÛâóÂØöćëùÕĂÚÖČóäòÛë¬èÚĂìÎ¬ ÉñÿÜĆÚëóäĂÚÂæù¬âĀÅÚÚóÛõÚîãÕ° äîÈæÈâó
ÿÜĆÚëóäÂæù¬âîòæÅóæîãÕ°ØöćßÛĂÚßäõÂăØãĀæñÕöÜæö Ì÷ćÈëóäÂæù¬âÕòÈÂæ¬óèÿÜĆÚëóäØöćâöÃòĈèÚ­îã 
ÜäñÂîÛÂòÛÂóäßõÉóäÔóÅùÔëâÛòÖõØóÈÿÅâöÂóãáóßÃîÈ Hydrogen-Bond Donors ØöćâöÅ¬ó
Å¬îÚÃ­óÈÚ­îã É÷Èëóâóä×Ý¬óÚ Blood-Brain-Barrier ÕòÈÚòĈÚÉ÷ÈăÕ­ÿæøîÂÂóäëÂòÕÕ­èãÖòèØČóæñæóãăÕ
ÅæîāäâöÿØÚ ÚîÂÉóÂÚöĈâöÂóäé÷ÂêóĂÚìÚúØÕæîÈ ßÛè¬ó synthetic cannabinoid ËÚõÕìÚ÷ćÈ 
ëóâóä×æÕÂóäëñëâÃîÈĀîâöæîãÕ°ĂÚëâîÈÃîÈìÚúØÕæîÈØöćÿÜĆÚîòæăÌÿâîä°ăÕ­ ÚîÂÉóÂÚöĈëóäÿÅâö
ÕòÈÂæ¬óèãòÈëóâóä×Ü­îÈÂòÚÂóäÿÂõÕÅèóâÝõÕÜÂÖõÕ­óÚÅèóâÉČóÃîÈìÚúØÕæîÈăÕ­îöÂÕ­èã (âÔö 
áõÎāÎßäßóÔõËã° ĀæñÅÚîøćÚ ą, 2563) ÚîÂÉóÂÚöĈãòÈâöäóãÈóÚÂóäé÷ÂêóÖČóäòÛãóéùÃăëãóéÚ°  
ÿßøćîÜäñÿâõÚåØÙõċÂÕÜäñëóØĂÚìÚúØÕæîÈ āÕãĀÛ¬ÈìÚúÿÜĆÚÂæù¬âØöćăÕ­äòÛëóäëÂòÕØöćäñÕòÛÅèóâ
ÿÃ­âÃ­Ú 0.6, 3, 30 Āæñ 60 mg/kg ÃîÈÚČĈóìÚòÂÖòè ĀæñâöÂæù¬âÅèÛÅùâØöćăâ¬ăÕ­äòÛëóä (negative 
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controls) ÝæÂóäé÷ÂêóßÛè¬ó ãóéùÃăëãóéÚ°ëóâóä×ÿßõćâäñãñÿèæóÚîÚìæòÛĂÚÂæù¬âØöćăÕ­äòÛëóä
ëÂòÕîã¬óÈâöÚòãëČóÅòÎ ÚîÂÉóÂÚòĈÚãóéùÃăëãóéÚ°ãòÈâöÜäñëõØÙõáóßÖ¬îÖòèäòÛÂóÛó (GABA 
receptors) ĀæñÖòèäòÛĀÅÚÚóÛõÚîãÕ° CB1 (cannabinoid CB1 receptors) îã¬óÈâöÚòãëČóÅòÎ 
(Damjuti ĀæñÅÚîøćÚ ą, 2024) 
 ëČóìäòÛÂóäØÕëîÛåØÙõċÖ­óÚîÚùâúæîõëäñÃîÈëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ°āÕãĂË­ DPPH 
scavenging assay ÿâøćîÅČóÚèÔìóåØÙõċÖ­óÚîÚùâúæîõëäñÂòÛÂäóàâóÖäÑóÚÃîÈëóäæñæóã
ĀîëÅîä°ÛõÂ ÅèóâÿÃ­âÃ­Ú 0.78125, 1.5625, 3.125, 6.25, 12.5 Āæñ 25 µg/ml åØÙõċĂÚÂóäãòÛãòĈÈ
ÂóäÖ­óÚîÚùâúæîõëäñăÕ­ä­îãæñ 50 ÿØ¬óÂòÛ 6.46 Į 2.09 µg/ml ÿâøćîØÕëîÛÅèóâëóâóä×ĂÚÂóäÉòÛ
îÚùâúæîõëäñ ßÛè¬ó ëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ°Õ­èãÖòèØČóæñæóãăÕÅæîāäâöÿØÚ ØöćÅèóâÿÃ­âÃ­Ú 
12.5, 25, 50, 100, 200, 400 Āæñ 800 µg/ml ßÛè¬ó ëóäëÂòÕÖČóäòÛãóéùÃăëãóéÚ° Brand A, 
Brand B, Brand C, Brand D, Brand E, Brand F Āæñ Authentic âöÅ¬ó IC50 ÿØ¬óÂòÛ 158.07  
Į 52.38µg/ml, 194.61 Į 58.43µg/ml, 183.95 Į 64.85 µg/ml, 234.86 Į 61.06 µg/ml, 223.21 
Į 62.57 µg/ml, 225.82 Į 60.81 µg/ml Āæñ 153.93 Į 40.87µg/ml ÖóâæČóÕòÛ Ì÷ćÈâöÅ¬óâóÂÂè¬ó 
IC50 ÃîÈëóäâóÖäÑóÚ Ascorbic acid ÿâøćîØČóÂóäÿÜäöãÛÿØöãÛĀìæ¬ÈØöćâóÃîÈÖČóäòÛãóéùÃăëãóéÚ°
Õ­èãÖòèØČóæñæóãÿîØóÚîæ ßÛè¬ó åØÙõċĂÚÂóäÖ­óÚîÚùâúæîõëäñëúÈØöćëùÕßÛè¬óëóäëÂòÕÖČóäòÛãó 
éùÃăëãóéÚ°ÃîÈ Brand B, Authentic Āæñ Brand D âöîòÖäóĂÚÂóäÖ­óÚîÚùâúæîõëäñëúÈÂè¬ó Brand C  
Āæñ Brand E Ì÷ćÈ Brand C Āæñ Brand E âöåØÙõċëúÈÂè¬ó Brand A Āæñ Brand F ØòĈÈÚöĈ 
âöÅèóâÿÜĆÚăÜăÕ­è¬óËòĈÚÖòèØČóæñæóãØöćÿÜĆÚÿîØóÚîæâöë¬èÚăÜË¬èãÜÐõÂõäõãóāÕãÂóäĂì­îõÿæĆÂÖäîÚ 
ÂòÛ DPPH âóÂØöćëùÕ É÷ÈĀëÕÈÅèóâÿÃ­âÃîÈëöØöćæÕæÈâóÂÂè¬óËòĈÚÖòèØČóæñæóãËÚõÕîøćÚāÕãî­óÈîõÈ
ÈóÚèõÉòãÂ¬îÚìÚ­óĂì­ÅèóâÿìĆÚè¬óÂóäØÕæîÈëČóìäòÛèõÙöÂóäĂË­ DPPH assay ÉñëČóÿäĆÉăÕ­āÕãÂóäĂË­
äñÛÛÖòèØČóæñæóãØöćÿÜĆÚÿâØóÚîæ ÿîØóÚîæ îñÌõāÖÚĂÚÚČĈó ĀæñÿÛÚÌöÚăÕ­ÕöÖóâæČóÕòÛ (Kedare 
Āæñ Singh, ƘƖƗƗ) ìäøîÅèóâÿÜĆÚăÜăÕ­ÜäñÂóä×òÕâóÅøîîÈÅ°ÜäñÂîÛĂÚÖČóäòÛãóØöćâößäõÂăØã 
ÿÜĆÚë¬èÚÜäñÂîÛÃîÈÖČóäòÛãóéùÃăëãóéÚ°  ßÛè¬ó ëóä piperine ĂÚßäõÂăØãâöåØÙõċÖ­óÚîÚùâúæîõëäñ 
ĀæñâöÅèóâëóâóä×Ý¬óÚ blood-brain barrier Âæ¬óèăÕ­è¬óßäõÂăØãâöåØÙõċĂÚÂóäÖ­óÚîÚùâúæîõëäñØöćÿÜĆÚ
ëóÿìÖùìÚ÷ćÈÃîÈāäÅîòæăÌÿâîä° ëîÕÅæ­îÈÂòÛÂóäé÷ÂêóÂóäãòÛãòĈÈÂóäÖóãÃîÈÿÌææ°ÜäñëóØËÚõÕ  
SH-SY5Y ßÛè¬óëóä piperine âöîòÖäóÂóääîÕËöèõÖÃîÈÿÌææ°ăÕ­âóÂ×÷È 85% Ì÷ćÈÛ¬ÈÛîÂè¬óëóäÚöĈË¬èã

ÜÂÜ­îÈÿÌææ°ÜäñëóØÉóÂÅèóâÿëöãìóãØöćÿÂõÕÉóÂÂóäØČóæóãÃîÈ Ab îã¬óÈâöÚòãëČóÅòÎ (Abdul 
Manap ĀæñÅÔñ, 2019) äèâØòĈÈÂóäé÷ÂêóåØÙõċĂÚÂóäÖ­óÚîÚùâúæîõëäñÃîÈëóä N-trans-
coumaroyltyramine ØöćßÛĂÚßøË Celtis africana îãú¬ĂÚèÈé° Cannabaceae âöÅ¬ó IC50 ÿØ¬óÂòÛ 
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33.2 mM ĀæñâöåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE âöÅ¬ó IC50 ÿØ¬óÂòÛ 34.5 mg/ml (Al-Taweel ĀæñÅÔñ, 
2012) ÂóäÿÂõÕîÚùâúæîõëäñâöÅèóâëòâßòÚÙ°ÂòÛÂóäÿÂõÕāäÅîòæăÌÿâîä° ÿË¬Ú ÂóäëñëâÃîÈĀîâöæîãÕ° 

(amyloid b) ë¬ÈÝæĂì­ÿÂõÕÂóäëä­óÈ ROS ÚČóăÜëú¬ÂóäÿëøćîâÃîÈÜäñëóØāÕãÂóäØČóæóãāÅäÈëä­óÈ 
DNA ÂóäÿÜæöćãÚëáóßāÜäÖöÚìäøîÿîÚăÌâ° äèâØòĈÈăÃâòÚÿãøćîìù­âÿÌææ° ìäøîāÜäÖöÚØöćÝõÕÜÂÖõăÜ  
ÝæØöćÿÂõÕÉóÂ Oxidative stress âóÂÿÂõÚăÜîóÉØČóĂì­ëúÎÿëöãÂóäØČóÈóÚÃîÈÿÌææ° ÂóäÖóã 
ÃîÈÿÌææ°ĀæñÅèóâÿëøćîâĂÚÝú­Ü¬èãØöćÿÜĆÚîòæăÌÿâîä° (Pongnimitprasert, ƘƖƘƖ)ĀæñÿâøćîßõÉóäÔó×÷È
Âæù¬âëóäàöÚîæõÂĂÚÖČóäòÛãóéùÃăëãóéÚ°Ì÷ćÈâöÅèóâëóâóä×ĂÚÂóäÖ­óÚîÚùâúæîõëäñ Ì÷ćÈëîÕÅæ­îÈÂòÛ
ÂóääóãÈóÚåØÙõċÖ­óÚîÚùâúæîõëäñÃîÈëâùÚăßäÿÕöćãè ăÕ­ĀÂ¬ ĂÛëñÿÕóëÂòÕÕ­èãÂóäÂæòćÚăîÚČĈó âöÅ¬ó 
EC50 ÿÊæöćãÿØ¬óÂòÛ 34.01 ± 9.77 µg/ml (Pongtip Sithisarn Āæñ Gritsanapan, 2005) ĂÛÂòÎËó 
ØöćëÂòÕÕ­èãÿîØóÚîæ âöÅ¬ó IC50 ÿÊæöćãÿØ¬óÂòÛ 5.63 ±0.05 mg trolox/g plant material 

(StasiƱowicz-KrzemieƵ, Sip, Szulc, Āæñ Cielecka-Piontek, 2023) Ì÷ćÈĀëÕÈĂì­ÿìĆÚè¬ó Âæù¬â
ëóäàöÚîæõÂØöćßÛĂÚĂÛëñÿÕóĀæñĂÛÂòÎËó âöåØÙõċĂÚÂóäÿÜĆÚëóäÖ­óÚîÚùâúæîõëäñ āÕãâöÅùÔëâÛòÖõ
ĂÚÂóäĂì­ăïāÕäÿÉÚìäøîîõÿæĆÂÖäîÚĀÂ¬îÚùâúæîõëäñ ĀæñÉóÂÂóäé÷ÂêóāÕãÂóäĂì­ëóä CBD ÅèÛÅú¬
ÂòÛëóä THC ëóâóä×æÕÂóäÿÂõÕÂóäîòÂÿëÛáóãĂÚëâîÈĀæñÂäñÖù­ÚÂóäÌ¬îâĀÌâÃîÈäñÛÛ
ÜäñëóØăÕ­(âÔö áõÎāÎßäßóÔõËã° ĀæñÅÚîøćÚ ą, ƘƛƜƙ) ĀæñÉóÂÂóääóãÈóÚëóäÂæù¬âîòæÅó
æîãÕ°ØöćßÛĂÚßäõÂăØã ßÛè¬ó ĂÚËòĈÚÖòèØČóæñæóãÚČĈó ÿâØóÚîæ ĀæñÿîØóÚîæ ØöćÅèóâÿÃ­âÃ­Ú 50 

mg/ml Å¬ó IC50 ÿØ¬óÂòÛ 28.15±0.01 mg/ml, 53.07±0.04 mg/ml Āæñ 61.69±0.04 mg/ml 
ÖóâæČóÕòÛ (Nahak, ƘƖƗƗ) Ì÷ćÈëîÕÅæ­îÈÂòÛÈóÚèõÉòãØöćăÕ­é÷ÂêóÝæÃîÈßõÿßîäöÚ (piperine) Ì÷ćÈ
ÿÜĆÚîòæÅóæîãÕ°ëČóÅòÎĂÚÝæÃîÈßäõÂăØãÕČóÖ¬îÅèóâÉČóĀæñáóèñ neurodegeneration ĂÚìÚú
ØÕæîÈāÕãĂì­ÚČĈóìÚòÂÖòèÝú­ÿÖĆâèòãÿßéÝú­ßòÚÙù°èõëÖóä°ÂõÚßõÿßîäöÚØóÈÜóÂØöćäñÕòÛãóÖ¬óÈ ą ÖòĈÈĀÖ¬ 5, 
10 Āæñ 20 mg/kg Ö¬îÚČĈóìÚòÂÖòè ÿÜĆÚäñãñÿèæóÂ¬îÚ 2 ëòÜÕóì° ĀæñìæòÈ 1 ëòÜÕóì°ÉóÂÂóäÊöÕ 
ethylcholine aziridinium ion (AF64A) ÿÃ­óāßäÈëâîÈÕ­óÚÃ­óÈ ÝæÂóäé÷ÂêóßÛè¬ó ßõÿßîäöÚĂÚØùÂ
äñÕòÛãó Ë¬èãÌ¬îâĀÌâáóèñÅèóâÉČóÿëøćîâĀæñáóèñ neurodegeneration ĂÚÛäõÿèÔïõÜāÜ
ĀÅâÜòëăÕ­îã¬óÈâöÚòãëČóÅòÎ ÂæăÂÕòÈÂæ¬óèîóÉÿÂöćãèÃ­îÈÂòÛÂóäæÕäñÕòÛ ÃîÈ lipid peroxidation 
ĀæñÿîÚăÌâ° AChE (Chonpathompikunlert, Wattanathorn, Āæñ Muchimapura, 2010)  
 ÕòÈÚòĈÚÖČóäòÛãóéùÃăëãóéÚ° É÷Èëóâóä×Ë¬èãæÕÂóäÿÂõÕîòæăÌÿâîä°ăÕ­Õ­èãÂæăÂÂóäãòÛãòĈÈ
ÂóäØČóÈóÚÃîÈ AchE ĀæñÖ­óÚîÚùâúæîõëäñ 
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  ÉóÂÂóäé÷ÂêóāâÿæÂùæóä°ÕĆîÂÂõÈ ÿßøćîìóßóäóâõÿÖîä°ØöćÿìâóñëâÃîÈÿîÚăÌâ° AChE 
Âóäé÷ÂêóÚöĈĂË­āÜäÖöÚÿÜ­óìâóã Øöćâöäìòë 7E3H.pdb ãó Donepezil ÿÂõÕîòÚÖäÂõäõãó Hydrophobic 
Interactions ÂòÛÂäÕîñâõāÚ TRP 86A TYR 337A PHE 338A TYR 341A ÂóäÿÂõÕîòÚÖäÂõäõãó 

Hydrogen Bonds ÂòÛÂäÕîñâõāÚ PHE 295 A ĀæñÂóäÿÂõÕ ̄ -Stacking ßÛÂäÕîñâõāÚ TRP 
86A TRP 286A TYR 341A âöÅèóâëČóÅòÎÖ¬îÖòèãòÛãòĈÈÿîÚăÌâ° AChE 
    ÉóÂÂóäé÷ÂêóÕòÈÂæ¬óè ßÛè¬óëóä piperine, piperdardine, dehydropipernonaline,  

ɲ9-THC Āæñ N-trans-coumaroyltyramine ëóâóä×ÿÂõÕîòÚÖäÂõäõãóĀæñâöÜäñëõØÙõáóßĂÚÂóä
ãòÛãòĈÈÿîÚăÌâ° AChE ăÕ­ Ì÷ćÈĂÂæ­ÿÅöãÈÂòÛãó Donepezil (Å¬óßæòÈÈóÚÿØ¬óÂòÛ -11.7 Kcal/mol) āÕãîòÚÖäÂõäõãó 
ØöćëČóÅòÎ Åøî ÿÂõÕ Pi-Pi Stacked äñìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚ ĂÚÖČóĀìÚ¬È TRP 86A, TRP 286A 
TYR 341A Āæñ PHE 295A Ì÷ćÈæòÂêÔñāÅäÈëä­óÈÃîÈëóäØòĈÈ 5 ËÚõÕ âöÅèóâÉČóÿßóñāÕãâö 
ÂóäèóÈÖòèÌ­îÚØòÛÂòÛãó Donepezil ÿßöãÈÛóÈë¬èÚÿØ¬óÚòĈÚ ØòĈÈÚöĈÂóäßòÓÚóãóĂÚîÚóÅÖëóäØòĈÈ  
5 ËÚõÕ ëóâóä×ÿÜĆÚ lead compound āÕãÜäòÛÜäùÈëòÈÿÅäóñì°ìâú¬àòÈÂ°ËòÚØöćÖČóĀìÚ¬È PHE 295A  
ÿßøćîßòÓÚóëúÖäāÅäÈëä­óÈĂì­âöåØÙõċãòÛãòĈÈÿîÚăÌâ° AChE ÿØöãÛÿØ¬óìäøîëúÈÂè¬óãó Donepezil Āæñ
ëóâóä×ĂË­ÿÜĆÚãóäòÂêóāäÅîòæăÌÿâîä°Ö¬îăÜ      
Ã­îÿëÚîĀÚñ 
 1. ĂÚîÚóÅÖÅèäâöÂóäÂČóìÚÕâóÖäÑóÚÖČóäòÛãóéùÃăëãóéÚ° āÕãĂË­ÜäõâóÔ 

ÃîÈ ɲ9-THC Āæñ CBD 
 2. ëóäëČóÅòÎØöćîãú¬ĂÚÖČóäòÛãóéùÃăëãóéÚ°ØöćÚ¬óëÚĂÉØöćÉñßòÓÚóÿÜĆÚÿîÚăÌâ°îñÌõØõæāÅæöÚ

ÿîëÿØîÿäë ÿË¬Ú piperine, dehydropipernonaline, piperdardine ɲ9-THC Āæñ N-trans-
coumaroyltyramine ÅèäâöÂóäé÷ÂêóåØÙõċÜÂÜ­îÈÿÌææ°ÜäñëóØÖ¬îăÜ 
 



 

ÛääÔóÚùÂäâ 
 

ÛääÔóÚùÂäâ 
 

 

 

 



 

áóÅÝÚèÂ  

 

 
 
 

  

 

áóßÜäñÂîÛ 15 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ b-selinene Āæñ 7E3H Øöćâö binding energy ÖČćóëùÕ
ÃîÈëâùæĀè­È 

 

 

 

 
 
 

áóßÜäñÂîÛ 16 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ dithymoquinone Āæñ 7E3H   
Øöćâö binding energy ÖČćóëùÕÃîÈÿØöãÚÕČó 
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áóßÜäñÂîÛ 17 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ dehydrocostus lactone Āæñ 7E3H 
 Øöćâö binding energy ÖČćóëùÕÃîÈāÂÑÂäñÕúÂ 

 

 
 
 
 
 

áóßÜäñÂîÛ 18 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ mokko lactone Āæñ 7E3H  
Øöćâö binding energy ÖČćóëùÕÃîÈāÂÑÂäñÕúÂ 

 

 

 
 

áóßÜäñÂîÛ 19 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ cynaropicrin Āæñ 7E3H Øöćâö binding energy ÖČćóëùÕ
ÃîÈāÂÑÂäñÕúÂ 
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áóßÜäñÂîÛ 20 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ a-Copaene Āæñ 7E3H  
Øöćâö binding energy ÖČćóëùÕÃîÈæúÂÉòÚØÚ°   

 

 
 
 

 

áóßÜäñÂîÛ 21 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ mesuaferrone B Āæñ 7E3H  
Øöćâö binding energy ÖČćóëùÕÃîÈÛùÚÚóÅ 

  

 
 
 
 
 

áóßÜäñÂîÛ 22 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ piperine Āæñ 7E3H 
Øöćâö binding energy ÖČćóëùÕÃîÈÕöÜæöĀæñßäõÂăØã 
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áóßÜäñÂîÛ 23 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ dehydropipernonaline Āæñ 7E3H Øöćâö binding 
energy ÖČćóëùÕÃîÈÕöÜæöĀæñßäõÂăØã 

  

 

 
 
 

áóßÜäñÂîÛ 24 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ b-sesquiphellandrene Āæñ 7E3H  
Øöćâö binding energy ÖČćóëùÕÃîÈÃõÈĀì­È 

 

 
 
 
 

áóßÜäñÂîÛ 25 ÂóäÉòÛĀæñßòÚÙñäñìè¬óÈ cannflavin B Āæñ 7E3H  
Øöćâö binding energy ÖČćóëùÕÃîÈÂòÎËó 
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ÖóäóÈ 39 ĀëÕÈäúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

 Donepezil -11.7 PHE A:295  TYR A:341 
HIS A:447 
TRP A:86 

TRP 
A:286 

PHE 
A:338 
TYR A:337 

   

 Galantamine -9.6 GLU A:202 GLY 
A:448 
ASN A:87 

TRP A:86 
TYR A:124 

TYR 
A:337 
PHE 
A:338 

    

 Rivastigmine -8.2 HIS A:447 
SER A:203 

 TYR A:337 
PHE 
A:338 
TYR A:341 

TRP 
A:86 

    

ëñÿÕó betulin -8.5     ALA 
A:397 
ARG 
A:393 
HIS A:381 
TYR A:382 

   

caryophy 
llene oxide 

-10.0 TYR A:124    HIS A:447 
TRP A:86 
PHE 
A:338 
TYR A:337 

   

3-acetyl-11-

keto-b-
boswellic 
acid 

-8.6    TRP 
A:286 

TYR A:341 
PHE 
A:297 

   

epicatechin -10.0 ARG A:296  PHE 
A:338 
TRP A:286 

     

lupeol -9.0 TRP A:532 
 

   LEU 
A:540 
PRO 
A:537 
LEU 
A:536 
HIS A:405 
PRO 

   



  115 

ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

A:235 
VAL A:239 

ëâùæ 
Āè­È 

germacrene
-D 

-8.6    TRP 
A:86 

TYR A:124 
HIS A:447 
TYR A:341 
TYR A:337 
PHE 
A:338 

   

spathulenol -8.1     HIS A:447 
PHE 
A:338 
TRP A:86 
TYR A:337 

   

b-
caryophyllene 

-8.5     TRP A:86 
HIS A:447 
PHE 
A:338 
TYR A:341 
TYR A:337 

   

b-elemene -8.5    TYR 
A:337 

TYR A:341 
PHE 
A:338 
TYR A:124 
PHE 
A:297 
HIS A:447 
TRP A:86 

   

b-selinene -9.5    TYR 
A:337 
TRP 
A:86 

PHE 
A:297 
TYR A:341 
PHE 
A:338 
HIS A:447 

   

-cadinol -8.6    TYR 
A:337 

PHE 
A:297 
PHE 
A:295 
PHE 
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ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

A:338 
HIS A:447 
TRP A:86 

- 
humulene 

-8.5     TYR A:341 
PHE 
A:338 
TYR A:337 
TRP A:86 
HIS A:447 

   

-
panasinsene 

-8.6    TRP 
A:86 

PHE 
A:297 
TYR A:124 
HIS A:447 
TYR A:341 
TYR A:337 
PHE 
A:338 

   

- selinene -9.5    TYR 
A:337 

PHE 
A:297 
TYR A:124 
PHE 
A:338 
TYR A:341 
HIS A:447 
TRP A:86 

   

13-epi-
manoyl 
oxide 

-8.5    TYR 
A:341 

LEU 
A:289 
TRP A:286 
TYR A:124 
PHE 
A:297 
PHE 
A:338 
VAL A:294 

   

7-epi-a-
selinene 

-9.2    TYR 
A:337 

PHE 
A:297 
TYR A:124 
PHE 

   



  117 

ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

A:338 
TYR A:341 
HIS A:447 
TRP A:86 

epi-a-
cadinol 

-8.8    TYR 
A:341 

HIS A:447 
PHE 
A:295 
PHE 
A:297 
PHE 
A:338 
TRP A:286 
TYR A:124 

   

guaiol -9.2    TRP 
A:286 

TYR A:72 
PHE 
A:297 
TYR A:341 

   

sclareolide -9.3 TYR A:133   TRP 
A:86 

HIS A:447 
TYR A:337 
TYR A:341 
PHE 
A:338 

   

a-trans-
bergamotene 

-8.5     PHE 
A:297 
HIS A:447 
TYR A:124 
TYR A:341 
PHE 
A:338 
TYR A:337 
TRP A:286 
TRP A:86 

   

a-
zingiberene 

-8.9    TYR 
A:337 
PHE 
A:338 
TRP 
A:86 

VAL A:294 
TRP A:286 
TYR A:341 
HIS A:447 

   



  118 

ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

ÿØöãÚÕČó dithymoquinone -10.2 SER A:203 
HIS A:447 

  TYR 
A:337 
TRP 
A:86 

TYR A:341 
PHE 
A:338 
TRP A:286 
TYR A:124 
ILE A:451 

   

chlorogenic 
acid 

-10.0 ARG A:296 
SER A:203 
GLY A:122 
TYR A:124 
GLY A:121 
HIS A:447 

 TRP A:286      

catechin -9.3 PHE A:295  TYR A:72 TRP A:286 
TYR A:341 
TYR A:337 

     

quercetin -9.4 PHE A:295 VAL A:294 TYR A:337 
TYR A:341 
TRP A:286 

     

apigenin -10.1 SER A:203 VAL A:294 TRP A:286 
TYR A:124 
TYR A:341 
PHE 
A:338 

     

āÂÑ
ÂäñÕúÂ 

costunolide -9.0 TYR A:124 
 

   TYR A:337 
PHE 
A:338 
TRP A:86 
HIS A:447 

   

dihydrocost
unolide 

-9.3 GLY A:121 
SER A:203 

  TYR 
A:337 
PHE 
A:338 
TRP 
A:86 

TYR A:124 
TYR A:341 
HIS A:447 

   

dehydrocost
us lactone 

-9.5  GLY 
A:121 

  HIS A:447 
TRP A:86 
PHE 
A:338 
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ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

TYR A:337 
mokko 
lactone 

-9.5  GLY 
A:121 

  HIS A:447 
PHE 
A:338 
TRP A:86 
TYR A:337 
TYR A:124 

   

cynaropicrin -9.5 
 
 
 

GLY A:120 
SER A:203 
HIS A:447 
PHE A:295 
TYR A:124 

GLY 
A:126 

  TRP A:86    

Ýæ
ÉòÚØÚ° 

a-Copaene -8.7    TYR 
A:337 

HIS A:447 
PHE 
A:338 
TYR A:341 
PHE 
A:297 
TYR A:124 
TRP A:286 

   

caryophyllene -8.5     HIS A:447 
TRP A:86 
PHE 
A:338 
TYR A:341 
TYR A:337 

   

ÕîÂ
ÛùÚÚóÅ 

mesuaferrone 
A  

-11.4 ARG A:296 
PHE A:295 

 TYR A:341  LEU A:76    

mesuaferrone 
B 

-11.5 ARG A:296 
PHE A:295 
SER A:293 

 TYR A:341  LEU A:76  GLU 
A:292 
(Unfav
orable 
Accep
tor- 
Accep
tor) 

 

mesuanic  
acid 

-9.2 SER A:125 
TYR A:133 

GLY 
A:121 

 TYR 
A:337 

TYR A:124 
TYR A:341 

   



  120 

ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

PHE 
A:338 

a - amyrin -9.2     HIS A:381 
TYR A:382 
ALA 
A:397 
ARG 
A:393 

   

b - amyrin -9.8    TRP 
A:286 

TYR A:341 
VAL A:294 
PHE 
A:297 

   

·̡ sitosterol -10.2    TRP 
A:286 
TYR 
A:341 
 

PHE 
A:297 
LEU 
A:289 
VAL A:294 
PHE 
A:338 
TYR A:337 

TRP A:86 TYR 
A:124 
(Unfav
orable 
Bump) 

 

ßäõÂăØã 
Āæñ 
ÕöÜæö 

piperanine -9.8 TYR A:124 HIS A:447 TRP A:86 
TYR A:337 

 TRP A:286    

piperine -10.5 SER A:203 
GLY A:121 
GLY A:122 

 TRP A:286 
TYR A:341 

 TYR A:337 
HIS A:447 
TRP A:86 

   

piperdardine -10.3   TRP A:86 TRP 
A:286 

TYR A:341    

dehydropip
ernonaline 

-10.5 SER A:203 
GLY A:121 
GLY A:122 

 TRP A:286  TRP A:86 
HIS A:447 
 

   

pipernonaline -9.7   TRP A:286  TRP A:86 
HIS A:447 

   

piperolein B -9.0   TRP A:286  TRP A:86    
piperundec
alidine 

-9.8 SER A:203 
GLY A:121 
GLY A:122 

 TRP A:286  TRP A:86 
HIS A:447 
 

   

pipercallosine -9.3 SER A:125 
PHE A:295 

 TRP A:86 TRP 
A:286 

    



  121 

ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

neopellitorine 
B 

-8.1 TYR A:124    TRP A:86 
TRP A:286 
TYR A:341 

   

piperolactam 
C 

-9.1  ARG 
A:296 
SER 
A:293 

PHE 
A:297 
TYR A:341 
TRP A:286 

     

piperlongumine -9.4 PHE A:295 ASP A:74 
TYR A:341 

 TRP 
A:86 

TRP A:286    

ÃõÈĀì­È -̡Eudesmol -9.8 GLY A:121   TRP 
A:86 
TYR 
A:337 

PHE 
A:297 
TYR A:124 
TYR A:341 
HIS A:447 
 
PHE 
A:338 

   

elemol -8.5 TYR A:124 
ASP A:74 

  TRP 
A:86 
TYR 
A:337 

PHE 
A:297 
HIS A:447 
PHE 
A:338 

   

allo-
aromadendrene 

-8.7     TYR A:124 
TYR A:72 
TYR A:341 
TRP A:286 
VAL A:294 
PHE 
A:338 
LEU 
A:289 
PHE 
A:297 

   

-̡
sesquiphell
andrene 

-8.8    TRP 
A:86 
TYR 
A:337 

PHE 
A:338 
HIS A:447 
TYR A:124 
TRP A:286 

   



  122 

ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

TYR A:341 
PHE 
A:297 

-hcedrene -8.7    TYR 
A:337 
PHE 
A:338 

TRP A:86 
HIS A:447 
TYR A:124 
PHE 
A:297 
TYR A:341 

   

ÂòÎËó cannabiger
ovarinic 
Acid 
(CBGVA) 

-9.8 SER A:293  TYR A:341 TRP 
A:286 
TRP 
A:86 

PHE 
A:338 
HIS A:447 

   

cannabigerol 
(CBG) 

-9.0 ASP A:74  TYR A:337 
TYR A:341 

 TYR A:124 
HIS A:447 
PHE 
A:297 
TRP A:86 
TYR A:72 
TRP A:286 

PHE 
A:338 

  

cannabidivarin 
(CBDV) 

-8.7   PHE 
A:338 

TYR 
A:341 

TRP A:286 
TYR A:124 
TRP A:86 
HIS A:447 

   

cannabidiva
rinic acid 
(CBDVA) 

-8.5 ARG A:296 
PHE A:295 
TYR A:341 

 TRP A:286  PHE 
A:338 
LEU A:76 

   

cannabidiol 
(CBD) 

-8.9   TYR A:341 
PHE 
A:338 

TRP 
A:86 

TRP A:286 
TYR A:124 
HIS A:447 

   

cannabidiolic 
Acid 
(CBDA) 

-9.2 ARG A:296 
PHE A:295 
 

  TRP 
A:286 
TYR 
A:337 

TYR A:72 
LEU A:76 
TYR A:341 
PHE 
A:338 

   

tetrahydro 
cannabivarin 
(THCV) 

-9.7   TYR A:341 
 

TRP 
A:286 

LEU 
A:289 
TYR A:337 

 ARG 
A:296 
(Unfav
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ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

PHE 
A:338 
TYR A:72 

orable 
Donor
- 
Donor
) 

delta-9-
tetrahydroc
annabivarinic 
acid 
(THCVA) 

-9.8 TYR A:124 
ASP A:74 
TYR A:341 

   TYR A:72 
TRP A:286 
PHE 
A:297 
PHE 
A:338 
VAL A:294 
HIS A:447 
TYR A:337 

   

delta-9-
tetrahydro 
cannabinol 
(THC)  

-10.3   TYR A:341 TRP 
A:286 
TYR 
A:337 

LEU 
A:289 
TYR A:72 
HIS A:447 
PHE 
A:338 

   

tetrahydro 
cannabinoli
c acid 
(THCA) 

-9.9 ARG A:296  TRP A:286 
TYR A:341 

 LEU 
A:289 
TYR A:72 
PHE 
A:338 
TYR A:337 

   

cannabi 
chromevarin 
(CBCV) 

-9.9 HIS A:447    LEU 
A:130 
TRP A:86 
PHE 
A:338 
TYR A:337 
TYR A:341 
VAL A:294 
TRP A:286 

   

cannabichro
mevarinic 
acid 

-9.8 TYR A:124 VAL A:294  TRP 
A:86 
TYR 

HIS A:447 
TYR A:341 
PHE 

 PHE 
A:295 
(Unfav
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ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

(CBCVA) A:337 
TRP 
A:286 

A:338 
TYR A:72 

orable 
Donor
- 
Donor
)  

cannabichro
mene (CBC) 

-9.6   TYR A:337 
TRP A:86 

TYR 
A:341 

PHE 
A:338 
PHE 
A:297 
TYR A:124 
TRP A:286 
VAL A:294 

   

cannabichro
menic acid 
(CBCA) 

-9.7 TYR A:124 
ARG A:296 

VAL A:294  TRP 
A:86 
TYR 
A:337 
TRP 
A:286 

HIS A:447 
TYR A:341 
PHE 
A:338 

   

cannflavin A -11.2 TYR A:124 
SER A:293 

 TYR A:341 
TRP A:286 

TYR 
A:337 

HIS A:447 
PHE 
A:338 
PHE 
A:297 
PHE 
A:295 

   

cannflavin B -11.3 TYR A:341 
SER A:203 

VAL A:294 PHE 
A:338 
TYR A:124 

TRP 
A:286 

LEU 
A:130 
TRP A:86 

   

cannflavin C -10.3 ARG A:296 
PHE A:295 
THR A:75 

  TYR 
A:341 

LEU A:76 
TYR A:337 
HIS A:447 
TRP A:86 

   

N-trans-
coumaroyl  
tyramine 

-10.2 TYR A:341 VAL A:294 TRP A:86 
TRP A:286 

     

N-trans-
feruloyltyra
mine 

-9.5   TRP A:86 
TRP A:286 
TYR A:341 
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ëâùÚ 
ăßä 

ëóäëČóÅòÎ Å¬ó
ßæòÈÈóÚ 
(Kcal 
/mol) 

äúÜĀÛÛîòÚÖäÂõäõãóÂóäÿÃ­óÉòÛìè¬óÈæõĀÂÚÕ°ÂòÛÂäÕîñâõāÚÃîÈāÜäÖöÚÿÜ­óìâóã 
Convention
al 

Hydrogen 
Bond 

Carbon 
Hydrogen 
Bond 

Pi-Pi 
Stacked 

Pi-Sigma Pi-Alkyl Pi-Donor 
Hydrogen 
Bond 

Unfav
orable 

Pi-
Cation 

N-trans-
caffeoyltyra 
mine 

-10.1 SER A:293 
ARG A:296 

 TRP A:86 
TYR A:337 

    HIS 
A:447 

cannabisin 
D 

-9.7 PHE A:295 SER 
A:293 

TYR A:337 
TYR A:341 
TRP A:286 

     

denbinobin -9.5 TYR A:124 
PHE A:295 
 

TYR A:72 TYR A:341 TRP 
A:286 

    

cannabis   
tilbene I 

-10.1 TYR A:124 
 

 TRP A:86 
TYR A:337 

 TRP A:286 
TYR A:341 
VAL A:294 

   

dihydro    
res veratrol 

-9.2 HIS A:447  TYR A:341 
TYR A:337 
TRP A:86 
 

     

cannabis        
piran 

-8.9   TRP A:86 TYR 
A:337 

    

cannabispi 
renone 

-9.2   PHE 
A:338 
TYR A:124 

TRP 
A:86 
TYR 
A:341 

TYR A:337    

cannabispi 
radienone 

-9.2 TYR A:133 
SER A:203 

 TYR A:124 TRP 
A:86 

TYR A:337    

 

 
 
 



 

ÜäñèòÖõÝú­ÿÃöãÚ 
 

ÜäñèòÖõÝú­ÿÃöãÚ 
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