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Abstract 
 
Tetrahydrocannabinol (THC) is responsible for the psychoactive effects of cannabis. 

As interest in medicinal cannabis increased, extraction and determination of THC 

gained importance. 1  

 

The aim of this study was to develop an effective, efficient, and reproducible 

procedure for the extraction and determination of THC from oil. Reversed-Phase 

High Performance Liquid Chromatography (HPLC) was performed using an Agilent 

� 1260 Infinity system with an ACE � 5 C18 column (250 x 4.6mm id) using 

OpenLab � software. Chemicals and reagents used included LGC � standard 

solution of THC 0.1mg/ml in methanol, Sigma-Aldrich � internal standard of 

ibuprofen, Natures aid � MCT oil and Primadonna � Extra Virgin Olive oil. 

Honeywell � HPLC grade acetonitrile and methanol were used. 

 

Methods of physical extraction were tested at different velocities and times using 

Vortex-Genie� 2, Langford Sonomatic� 1400 Ultrasonic Bath and Eppendorf� 

Minispin centrifuge. Method development was conducted at the department of 

Pharmacy, University of Malta. 

  

 
1  ElSohly AM, Murohy PT, Khan I, Walker WL and Gul W. Analysis of cannabidiol, Δ9-
tetrahydrocannabinol, and their acids in CBD oil/hemp oil products. Medical Cannabis and 
Cannabinoids. 2020;3(1):1-13. 
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A rapid HPLC method for analysis and determination of THC, CBD and CBN in 

methanol was first developed. HPLC parameters that repeatedly resulted in good 

results were mobile phase: phosphate buffer (pH2.5) and acetonitrile (80:20, v/v) at 

flow rate of 2ml/min and UV detector wavelength of 220nm. Analyses were 

conducted in triplets to ensure reproducibility and precision of results. Resolution of 

chromatograph, peak shape and retention time of THC were observed while area 

under the peak of THC was measured. 

 

Selected method for extraction of THC from oil involved: vortex mixing for 30 

seconds, sonication for 15 minutes, followed by centrifugation for 15 minutes at 

6000rpm. Two immiscible layers were yielded. The top layer, methanol and THC was 

extracted using a micropipette, refrigerated for 12 hours, and centrifuged for 15 

minutes. Analyte was passed through a syringe filter prior to HPLC analysis. 

 

Method development was initially conducted using MCT oil as a carrier, this method 

was not found efficient or reproducible due to blockage and damage of the stationary 

phase and long elution time of MCT oil. Method development was hence continued 

using Extra Virgin Olive oil as a carrier. HPLC parameters that repeatedly resulted in 

good THC peak shape and resolution following extraction of THC from Extra Virgin 

Olive oil were mobile phase: phosphate buffer (pH2.5) and acetonitrile (70:30, v/v) at 

flow rate of 2ml/min, UV detector wavelength of 220nm and column temperature of 

40°C. 
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1.1. Brief History of Cannabis  
 
There are three main species of cannabis (Figure 1.1), Cannabis sativa, Cannabis 

indica and Cannabis ruderalis. There are more than 700 different Cannabis varieties. 

Cannabinoids, are the main biologically active constituents of the cannabis plant 

(Lehmann and Brenneisen, 1995; Stout et al, 2012).  

Figure 1.1: Three main species of cannabis.  
Photo adopted from Shutterstock.com. 

 
In previously published documents cannabis was referred to as ‘Hemp’. Its main use 

was as a fibre and oil. The fibre produced from cannabis was superior to other fibres 

and was used in the production of sails and paper. Hempseed oil provided a beneficial 

nutritional value and had a major involvement in the development of a number of 

products, including food and cosmetics (Oomah et al. 2002).  

 

Cannabis was first cultivated in Central Asia. Documents confirm that cannabis was 

excavated from tombs near the Flaming Mountains in Turpan. One tomb contained 

789g of Cannabis Sativa and dated back to 750-550 BC. Collected evidence and 

botanical analysis suggests that cannabis was not only cultivated for food and fibre 

but also for “…pharmaceutical, psychoactive or divinatory purposes” (Russo et al. 

2008). 
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Cannabis can be listed as one of the oldest known medicinal plants and its use is 

documented in various old literature and ancient handbooks, 1  including the 

following: 

 

• The Ramesseum III Papyrus (1700 BC) 

• The Eber’s Papyrus (1600 BC)  

• The Chester-Beatty VI (Medical) Papyrus (1300 BC) 

• The Berlin Papyrus (1300 BC) 

• The Hearst Papyrus (1,550 BC) 

• The Vienna Papyrus 6257 (200 AD).  

 

In ancient Egypt the plant was referred to “…the Arabic ŝmŝm” and was mainly 

consumed in the form of tea or tinctures (Dawson, 1932). 

 

A study carried out in Egypt on natural and artificial mummies concluded that in both 

Peru and Egypt cannabis, previously referred to as ‘Hashish’, was already in use 

between 200-1500 AD (Parsche et al, 1993).  

 

It was the Greeks and Romans who identified the therapeutic value of the plant and 

the term ‘hempseed’ and ‘maijuana’ were introduced. Bausanius and Glen document 

this discovery in Roman records in the 2nd century BC (Brunner, 1977).  

 

 
1 Antiquecannabisbook.com [Internet]. The Antique Cannabis Book. Chapter 2, The History of 
Medical Cannabis [cited 19 February 2019]. Available from: 
http://antiquecannabisbook.com/chap2B/Egypt/Egyptian.htm. 
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Dioscorides, a Greek physician had recommended cannabis seeds for the treatment of 

otalgia (pain in the ear) in his work ‘De Materia Medica’ that was written between 50-

70 BC. ‘Hashish’ and its medical properties then started to become widely known by 

Arabic physicians (Gabriel and Nahas, 1982).  

 

For a long period, the public was unaware of the psychoactive properties of the 

cannabis plant and therefore it was not abused of. In 1840 William O’Shaughnessy, a 

young Irish doctor, introduced cannabis as a medicine in Europe. In East India the 

medicinal use of cannabis had become widely common (Amar, 2006).  

 

Issues related to cannabis being used as a medicinal product included: 

• No equipment was available for the standardised cultivation of medicinal 

cannabis. This flaw in the cultivation process made it difficult to produce a 

reliable product of consistent composition. Patients were receiving the same 

quantity of the product but not of the same quality leading to different adverse 

effects (Aguilar et al. 2018).  

• Difficulties in modes of administration of medicinal cannabis. Not being water-

soluble the cannabis extract could not be injected, and oral administration was 

found to be unpredictable (Klumpers and Thacker 2018). 

• Transportation and supply of cannabis overseas was problematic which resulted 

in an implementation of high tax on all cannabis products. By the beginning of 

the 20th century the medical use of cannabis started to decrease while cannabis 

abuse as a narcotic started to increase (Musto, 1972). 
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The activity of smoking cannabis for recreational purposes has become common in the 

Western world since the 1960s. Increase of cannabis use resulted in further interest in 

cultivation of cannabis, understanding of the psychoactive ingredients of the plant and 

in being able to quantify them. Development on the scientific knowledge of the active 

ingredients of the cannabis plant has led to controversies over both medicinal and 

recreational cannabis (Bewley-Taylor et al, 2014). 

 

Cannabis has been cultivated and used for many years however studies on 

pharmacological properties and medicinal cannabis have only been carried out since the 

end of the nineteenth century and are still on-going. Laws and regulations on both 

cultivation and use of cannabis differ from one county to another (Amar, 2006). 

 

1.2. The Cannabis Plant  
 

Cannabis sativa L. has a worldwide distribution and is considered to be a cosmopolitan 

species. The plant is an annual herb, and it is naturally dioecious, meaning it has only 

female flowers (or only one male). The main source of the psychoactive drug delta-9-

tetrahydrocannabinol (THC) is found in the female trichomes (Zuk-Golaszewska and 

Golaszewski, 2018). 

 

1.2.1. Botanical Description of Cannabis  
 
Cannabis sativa has an upright stem that is usually between 1 to 6m high depending 

on the phenotype and chemotype. The plant is covered in trichomes that are more 

concentrated at the female inflorescence. Cannabis sativa has a laterally branched 

root system that can reach up to 2.5m deep in loose soils. Leaves are arranged in an 

alternate manner, have a palmate shape, and are composed of petioles that vary in 
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length between 2 to 7cm. The leaves have serrate margins, which are a characteristic 

feature. At the tips of the slender trichome stalk there are resin glands (illustrated in 

figure 1.2 below). The yellowish-brown resin glands secrete an aromatic resin that 

contains terpenoids. With a very high content of cannabinoids and flavonoids, the 

resin glands play an important role in the biological activities of the cannabis plant. 

The resin secreted isolates itself from the secretory cells as it collects under a thin 

waxy membrane that protects the plant from enzymatic changes and oxidation. 

Inflorescences on the plant are male i.e. staminate or female i.e. pistillate (Farag, 

2014; Farag and Kayser, 2017). 

 
Figure 1.2: Resin glands found at the tip of the trichome.  

Adapted from Pate D.W. Chemical ecology of Cannabis. International Hemp 
Association. 1994;2(29):32-37. 

 
Cannabis trichomes and glands can be further classified at a microscopic level. 

Trichomes are epidermal in origin and can be subdivided into several morphotypes, 

all of which consist of a stalk and secretory cells (Szymanski et al, 2000). 

 



 

 17 

Research indicates that the length of the stalk is directly related to the potency of 

THC. In 1992, Mahlberg and Kim have documented that Cannabis sativa with very 

small gland heads was reported to produce no cannabinoids while long stalked glands 

were found to have 20 times the cannabinoid content (Mahlberg and Kim, 1992; 

Small and Naraine, 2015). 

 

The resin secreted offers the plant a defence mechanism against insects and fungal 

attack. The cannabis plant is still subject to other pests and contaminants including 

microbes, pesticides, and heavy metals (Small and Naraine, 2015). 

 

1.2.2. Constituents of Cannabis 
 
Mechoulam and Hanus carried out a historical overview of chemical research on 

cannabinoids in 2000. They documented the major events in the discovery of the main 

constituents of the cannabis plant as explained in section 1.2.2. 

 

In 1899 Wood et al isolated the first constituent of cannabis by distillation which was 

named cannabinol (CBN). At the initial stages of the study, it was assumed that it was 

the main active compound of the plant (Wood et al, 1899). In the 1930s Cahn 

extracted pure cannabinol and it was recognised to be a weak active constituent, 

hence the search for the active constituents of cannabis continued (Cahn, 1933). 

 

Cannabidiol (CBD) was isolated in the 1940’s. Mechoulam and Shvo determined its 

structure and stereochemistry in 1963 (Mechoulam and Shvo, 1963). In the following 

years Gaoni and Mechoulam isolated the main active compound of cannabis that is 

delta-9-tetrahydrocannabinol (Δ -9-THC) (Gaoni and Mechoulam, 1967). 
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More than 100 terpenoids have been found and identified in cannabis by the 1980s 

and are classified into 5 classes (Turner et al, 1980).  

 

Cannabinoids are odourless. It is the volatile compounds of monoterpenoids and 

sesquiterpenoids that give the cannabis plant a particular distinctive smell. The most 

unique terpenoids are caryophyllene oxide that is the compound sensed by search-

dogs and m-mentha-1,8(9)-dien-5-ol (Russo, 2011).  

 

Approximately 20 structurally diverse flavonoids have been isolated from the plant. 

Flavonoids can be classified into three different categories (Vanhoenacker et al., 

2002). 

 

Alkaloids have also been identified as constituents of cannabis. Phenols, steroidal 

glycosides, esters, and other cannabis constituents have been reported (Turner et al, 

1980). 

 
Cannabinoids, being part terpenes and part natural phenols are structurally classified 

as C21 terpenophenolic compounds. Cannabinoids are acyclic or cyclic monoterpene 

phenolic compounds unique to Cannabis. Cannabinoids are the main biological active 

constituents of the plant. Since the discovery of the chemical structure of 

tetrahydrocannabinol (THC), the compound responsible for the psychoactive effects 

of cannabis cannabinoids have been of great interest in the research field (Stout et al, 

2012). Cannabinoids are classified according to their core structure. A total of 565 

cannabinoids, have been reported so far (Radwan et al, 2017). 
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 The most important cannabinoids are illustrated in Table 1.2. Cannabinoids are 

synthesised and stored in the glandular trichomes mentioned in section 1.2.1. 

Different quantities of cannabinoids are found in different parts of the plant. 

Cannabinoids are only not found in the seeds. (Ross et al, 2000).  

 

The role of cannabinoids on the cannabis plant is that of a defence mechanism. Both 

cannabigerolic acid (CBGA) and tetrahydrocannabinolic acid (THCA) stimulate 

apoptosis, a natural process of cell death, in both plant and animal cells 

(Sirikantaramas et al, 2005). 
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Table 1.1: Structures of Cannabinoids 
 

 
COMPOUND NAME AND STRUCTURE 

 

Tetrahydrocannabinolic acid (THCA) 
 

Tetrahydrocannabinol (THC) 
 

Delta-8-tetrahydrocannabinol (Δ-8-THC) 
  

Tetrahydrocannabivarin (THV) 
 

 
  

Cannabidiolic acid (CBDA) 
 

Cannabidiol (CBD) 
 

 Cannabigerolic acid (CBDA)  

(CBGA) 

c 

Cannabigerol (CBG) 
 

Cannabinolic acid (CBNA) 
 

Cannabinol (CBN) 
 

Cannabichromenic acid (CBCA) 
 

Cannabichromene (CBC) 
 

  

Cannabicyclolic acid (CBLA) 
 

  

Cannabicyclol (CBL) 
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1.3. Medicinal Cannabis 

1.3.1. The Endocannabinoid System 
 
The Endocannabinoid system (ECS) is made up of cannabinoid receptors, their 

endogenous ligands, and other specific enzymes. ECS is a result of evolution and 

apart from humans it has also been found in birds, amphibians, and fish. The ECS 

involves physiological and pathological processes that have been studied in recent 

years (Sinclair, 2016). 

 

Cannabinoids exert their antinociceptive effect, that is the action of blocking the 

detection of pain stimulus by activation of CB1 and CB2 receptors. In the 1980s the 

existence of these receptors was acknowledged and discovered by Devane et al. 

(1988). The discovery was carried out after it was established that cannabinoids are 

highly stereoselective and they can inhibit the adenylate cyclase second messenger 

pathway in both the brain tissue as well as neuroblastoma cell lines (Amar, 2006). 

 

Matsuda et al carried out further research in 1990 leading to the discovery and cloning 

of a stereospecific G-protein-coupled cannabinoid receptor, called CB1 (Matsuda et 

al, 1990). CB1 receptors are present throughout the pain pathway in the central 

nervous system and present in the certain peripheral organs such as the heart and liver 

and adipose tissue (Maccarrone et al, 2001).  

 

Analgesic activity of CB1 receptors has been localised in different regions from 

supraspinal areas, the spinal cord, and peripheral terminals. CB1 receptors are able to 

inhibit adenylate cyclase activity and open N-type calcium channels (Mackie and 

Hille, 1992).  
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Munro et al discovered the second type of cannabinoid receptors. This receptor was 

named CB2. CB2 receptors are primarily and highly expressed by the immune system 

in a wide range of leukocytes mainly in tissues like the tonsils and spleen (Munro et 

al, 1993). CB2 receptors can also be found in smaller quantities in cells of the central 

nervous system, by microglia, astrocytes, and some neurons (Cabral and Griffin, 

2009). CB2 receptors are distributed in other tissues such as pulmonary endothelial 

cells, in osteocytes and in the gastrointestinal system (Atwood and Mackie, 2010). 

 

CB2 receptors are mainly found in immune cells during inflammation, indicating their 

involvement in neuroinflammation and neuropathic pain. In 2011 Onaivi has provided 

evidence that CB2 receptors also have a role in schizophrenia, depression and in the 

effects of substance abuse (Onaivi, 2011).  

 

Other studies also provided evidence that CB2 receptors are highly important in 

neuroinflammation present in multiple sclerosis, HIV-induced encephalitis, traumatic 

brain injury, Parkinson’s disease, Alzheimer’s disease, and Huntington’s disease 

(Pazos et al, 2004; Benito et al, 2008).  

 

Endocannabinoids are endogenous lipid agonists of cannabinoid receptors CB1 and 

CB2. All natural cannabinoids are highly lipid soluble, and their isolation was 

challenging. Devane et al. carried out the first compound isolation in 1992 from pig 

brain tissue. The compound isolated had a higher affinity to CB1 receptors and was 

named anandamide (arachidonic acid ethanolamine, AEA) (figure 1.3).  
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In 1995, Mechoylam et al. isolated 2-arachidonoylglycerol (2-AG) (figure 1.3) from a 

dog’s gut. 2-AG has high affinity for the CB1 and CB2 receptors. In recent years 

more endocannabinoid compounds have been isolated however these 2 compounds 

are the most widely investigated, both of which are synthesised postsynaptically 

(Sinclair, 2016) 

 

 
Figure 1.3: Endocannabinoids anandamide and 2-arachidonoylglycerol.  

Adopted from Dinu et al, 2011. 
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1.3.2. Medicinal Cannabis Products  
 
The goal of pharmaceutical companies is to be able to cultivate and produce a 

constant and standardised product up to Good Manufacturing Practice (GMP) and 

Quality Control (QC) standards. 

 

Studies have been carried out regarding the therapeutic indications of THC for 

conditions such as pain in multiple sclerosis (Markova et al, 2018), insomnia (Vigil et 

al, 2018), epilepsy (Thiele et al, 2019), asthma (Tashkin et al, 1974) and glaucoma 

(Merritt, 1982), and on how cannabinoids can act as anti-emetics (Jones et al, 1982), 

appetite stimulators (Haney et al, 2007) and analgesics (Van De Donk et al, 2018).  

 

The main advantage of using cannabinoids clinically is their lack of toxicity. No 

deaths have been reported following use of cannabinoids and on comparison with 

other drugs their benefit to risk ratio is considered to be higher. In clinical trials the 

most common adverse effects were as follows: sedation, psychological effects such as 

euphoria, anxiety and depersonalization and physical effects such as dry mouth and 

ataxia (Ashton, 1999). 

 

In Canada, in 2005 the first pharmaceutical laboratories received approval of 

authorisation for production of medicinal cannabis. Nabiximols an extract of cannabis 

under the trade name of Sativex ®, was one of the first cannabis extract product to be 

approved in Canada, United Kingdom, Germany, and Spain. The main active 

compounds of the product are delta-9-tetrahydrocannabinol (THC) and cannabidiol 

(CBD) at a ratio of 1:1. Sativex ® is an oral spray used to treat neuropathic pain such 
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as muscle pain and stiffness in multiple sclerosis. Sativex ® provides symptomatic 

relief. 3 

 

Cannador ®, an approved medicinal product by the society for clinical research in 

Germany was reported to aid in the reduction of tremors related to multiple sclerosis. 

Cannador ® is administered orally as a capsule and contains both THC and CBD at a 

ratio of 2:1. 4 

 

Bedrocan ® was introduced in 2003. The company currently produce 5 different 

products that are Bedrocan ® that contains 22% THC and 1% CBD, Bedrobinol ® 

that contains 13.5% THC and 1% CBD, Bediol ® that contains 6.3% THC and 8% 

CBD, Bedica ® that contains 14% THC and 1% CBD and Bedrolite ® that contains 

1% THC and 9% CBD.5 

 

 

 

 

 

 

 
   
   
   
  3 Government of Canada. Bayer Inc. Approval Of Sativex® With Conditions Fact Sheet [Internet]. 

Canada: Government of Canada; 2005 [cited 26 July 2021]. Available from: 
http://medicalcannabis.it/documenti/Sativex_factsheet_en.pdf. 
 
4 International Association for Cannabis as Medicine. Cannador [Internet]. Cannabis-med.org; 2019 
[cited 5 March 2019]. Available from: https://www.cannabis-
med.org/index.php?tpl=def&id=241&lng=en&red=deflist. 
 
5 Bedrocan ®. Products and Services [Internet]. Netherlands; 2017 [cited 26 July 2021]. Available 
from: https://bedrocan.com/products-services/. 
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Aurora ® was first stationed in Canada in 2013, the company has now grown and 

emerged globally and consists of both medical and consumer brands. In terms of 

medicinal cannabis two main products are Pedanios ® 20/1 that contains 20% THC 

and 1% CBD and Pedanios ® 22/1 that contains 22% THC and 1% CBD. 6 

 

So far in Malta only 4 medicinal cannabis products are available on the market. These 

are: Bedrocan ® 22/1 (sativa), Bediol ® 6/8 (sativa) Pedanios ® 20/1 (indicta) and 

Pedanios ® 22/1 (sativa). All of which are in the form of cannabis dried flowers (floss 

or granular) to be administered by vaporisation. 

  

 
 
 
6  Canada Newswire. Aurora Cannabis and Grow Group PLC Renew Market Access Services 
Agreement for Medical Cannabis in the United Kingdom. [Internet]. Canada; 2021 [cited 26 July 
2021]. Available from: https://www.newswire.ca/news-releases/aurora-cannabis-and-grow-group-plc-
renew-market-access-services-agreement-for-medical-cannabis-in-the-united-kingdom-
863683498.html. 
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1.4.  Cultivation of Medicinal Cannabis 

1.4.1. Methods of Cultivation 
 
Cannabis is an annual plant. In outdoor conditions, in Europe the plant is sown 

according to temperature and climate between the beginning of March and late April. 

The difference between cultivating the plant for fibre and for therapeutic use is the 

period of harvesting. When cultivating for fibre harvesting takes place in the early 

stages of the flowering period while harvesting to obtain the drug is carries out later. 

The method used traditionally to separate the fibre from the rest of the plant was a 

natural process of decomposition by bacteria and fungi (Merfield, 1999). 

 

Along the years the cultivation for fibre started to decrease while that to obtain the 

psychoactive form of the drug increased. Cultivators started to prioritise the potency 

of cannabinoids present in their crop and to appreciate the importance of obtaining a 

standardised and constant product. Different conditions and methods used to cultivate 

the Cannabis plant for medicinal use have evolved and improved throughout the 

years. The main aims during cultivation were to be able to produce a consistent 

product of high quality with no contaminations, produced under a GMP and QC. GW 

Pharmaceutics has been conducting indoor cultivation of cannabis since 1999 

(Chandra et al, 2017).  

 

Methods for cultivation of cannabis can be classified and divided into three, outdoor 

cultivation, greenhouse cultivation and indoor cultivation. 
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1.4.2. Outdoor Cultivation  
 
According to the World Drug Report carried out by United Nations Office on Drugs 

and Crime (UNODC) in 2009 7 it is estimated that the cannabis plant is suitable for 

cultivation on approximate one third of the earths land mass. It was estimated that in 

2008 between 2000 and 6418 km2 have been used for outdoor cultivation. 

 

Products cultivated outdoors are more likely to contain heavy metals, pesticides, 

moulds, bacteria, and other contaminants.  The growth rate of cannabis in outdoor 

conditions is slower and the CBD yield is significantly lower per unit area when 

compared to product cultivated indoors. UNODC, 2006 world drug report suggested 

that only 4% of herbal cannabis cultivated globally is cultivated outdoors in Europe. 8 

As a result, outdoor cultivation of pharmaceutical cannabis is not the optimal method 

for cultivation. (Chandra et al, 2010).  

 

 Large volumes of outdoor, low-potency Cannabis have been cultivated in Albania for 

exporting purposes and in Morocco as mixed-sex plant for resin. Being grown in open 

fields when the cultivation was carried out in larger quantities for commercial use the 

crops were either stolen or seized (Carpentier et al, 2012). Outdoor cultivation in 

Europe is rarely reported except for small plants intended for personal use (Jansen, 

2002). 

 

 
  7 United Nations Office on Drugs and Crime (UNODC). World drug report 2009, United Nations 

Publications, New York; 2009, [cited 25 April 2020]. Available from: 
https://www.unodc.org/documents/wdr/WDR_2009/WDR2009_eng_web.pdf. 

   
  8 United Nations Office on Drugs and Crime (UNODC). World drug report 2006, United Nations 

Publications, New York; 2006, [cited 25 April 2020]. Available from: 
https://www.unodc.org/pdf/WDR_2006/wdr2006_volume1.pdf. 

https://www.unodc.org/pdf/WDR_2006/wdr2006_volume1.pdf
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Outdoor cultivation is problematic due to the humid environments in autumn. During 

this season the plant would be in its flowering period and is highly prone to disease 

and can be easily and quickly damaged by fungi. In a research carried out in the 

United Kingdom these environmental factors have been reportedly overcome. In 2009 

Potter documented that for 10 consecutive years outdoor cultivators have achieved the 

production of high quality crops with similar yields and THC potency to crops grown 

in indoor conditions (Carpentier et al, 2012). 

 

Outdoor cultivation is significantly cheaper than indoor cultivation. Limiting factors 

include that day length and light intensity cannot be altered. As a result, it is a nature 

dependent process, producing only one type of crop at a time and harvesting time 

cannot be scheduled (Potter et al, 2008).  

 

1.4.3. Greenhouse Cultivation 
 
Greenhouse cultivation requires controlled conditions, which are less exact than those 

used in indoor cultivation. GW Pharmaceuticals have concluded that greenhouse 

cultivation of cultivation is feasible however some environmental conditions must be 

modified including the addition of artificial lighting in the vegetative period, the 

installation of blinds on the roof to be able to decrease day length in the flowering 

period and the addition of gas heaters during harvesting period for the drying of the 

plant to take place. 

 

A limiting factor of greenhouse cultivation is that the flowering period can only be 

supported from spring to end of summer when the sufficient natural light intensity is 

reached. Good quality material can be produced in greenhouse conditions. Limitation 
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of greenhouse cultivation is that yields are significantly lower when compared to 

indoor cultivation (Chandra et al, 2010). 

 

1.4.4.  Indoor Cultivation 
 
The aim of indoor cultivation is to be able to produce a uniform and constant product. 

This is possible due to the ability to control parameters such as temperature, light 

intensity, hours of light and irradiance levels. Controlling these parameters will favour 

and facilitate yield improvements, regulate the life cycle and harvest timing, avoid 

contamination and pest control, prevent cross or self-pollination. 

 

To be able to perform indoor cultivation of cannabis for medicinal and research 

purposes a pharmaceutical company requires a special license and to be GMP 

certified (Chandra et al, 2017). 

 

A technique used to cultivate cannabis indoors is hydroponics growing. This method 

involves the cultivation of the plant in a nutrient solution instead of soil. Hydroponic 

technique aids in obtaining consistency. The nutrient solution is composed of 

potassium, calcium, magnesium, nitrate, dihydrogen phosphate and sulphate. These 

ions need to be in the right ratio for optimal growth and can be monitored using a pH 

meter (Steiner, 1961).  

 

An important factor for growth is light, for photosynthesis to take place. In indoor 

cultivation artificial light is used to facilitate both photosynthesis and photoperiodic 

processes. Since the rate of photosynthesis also depends on carbon dioxide 

concentration delivery of carbon dioxide is essential to increase the rate of growth of 
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the plant. Throughout the process of cultivation documentation is highly important for 

traceability and maximal care is taken from the selection of the seed to the end and 

final standardised packed product (Chandra et al, 2017).  

 

Germination initiates within three days of planting, of which only the well-developed 

seedlings will be selected and transferred to another location into a peat growth 

medium for optimal growth. After the pots develop roots and sufficient body mass. 

Germination usually takes 2 weeks of humid conditions and constant light. Seedlings 

are then transferred to a multi-flow hydroponic system. Hydroponic system controls 

the flow of the solution that is high in nutrients (Chandra et al, 2017). 

 

The selected genotypes need to be kept in continuous light and supply of nutrition. 

Altering the day length to an 18-hour day instead of 24 hours is recommended, which 

results in compromised slower plant growth along with reduced electrical 

consumption. With the use of clones, the same genotype of the mother plant can be 

retained throughout subsequent generations (Chandra et al, 2017). 

 

Branches are then removed, and rooted cuttings (clones) are produced. Clones are 

then relocated into a seeding tray holding a small amount of culture medium. 

Nutrition is still provided via a hydroponic system. Hence, all clones are exposed to 

constant conditions for 1 month. After an average of 14 days as the roots reach an 

adequate size, the clones are then potted up in growth medium into a larger 

hydroponic system promoting maximum and optimal growth (Chandra et al, 2017). 
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The cannabis plant then reaches the vegetative growth period that is approximately 3 

weeks long. All clones are maintained in the same light intensity, temperature, 

relative humidity, and carbon dioxide concentration in a cultivation room. In this 

period the plant reaches the height of approximately 50 cm and develops a root 

system. When the required growth of the plant is reached the next period would be 

flower formation and maturation (Chandra et al, 2017). 

 

Altering light duration and introducing a 12-hour light/12-hour dark routine will help 

achieve the flowering and maturation period. This will cause the cannabinoid content 

and inflorescences to increase gradually. Flowers develop within 8-10 weeks after 

which the stigmas and trichomes change colour becoming orange/brown and the 

secretion of cannabinoids decreases (Chandra et al, 2017). 

 

The plant is then harvested and dried. The plant is suspended to dry in a dehumidified 

environment for 1 week and then the botanic raw material is stripped from the stem. 

The material is then inspected visually and tested in the laboratories to ensure 

standardisation and no contamination (Chandra et al, 2017). 
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1.5.  Timeline of Laws and Regulations  
 
Regulation of cannabis for medicinal use has been an on-going worldwide issue. 

Consensus among the countries has not been reached and regulations and policies 

range significantly globally (Aguilar et al. 2018).  

 

In 1961, The International Drug Control Conventions listed cannabis as a prohibited 

psychotropic substance. “Cannabis and cannabis resin and extracts and tinctures” are 

listed in schedule I of the 1961 single convention on Narcotic Drugs. As well as 

“cannabis and cannabis resin” being listed in schedule IV. 9  

 

In The International Drug Control Convention, drugs are classified according to their 

therapeutic value, risk of abuse and health hazard.  Since currently cannabis is listed 

in both schedule I and IV this implies that the drug has a much greater risk to benefit 

ratio and a narrow medical or therapeutic value. 10 

 

In 1961, countries including India, Mexico, Pakistan, and Myanmar, which used 

cannabis in their traditional and religious rituals objected with the 1961 single 

convention on Narcotic Drugs and attempted suspending the inclusion of cannabis in 

both schedule I and IV. This was done by comparing the potential drug dependence of 

cannabis and how it differed from other substances listed in the same schedule and by 

presenting medical benefits of cannabis. The Indian society argued on how their 

 
  9 United Nations, Commission on Narcotic Drugs (CND). The International Drug Control Conventions. 

Schedules of the Single Convention on Narcotic Drugs of 1961 as amended by the 1972 Protocol, as at 
16 May 2018 [Internet]. New York; 2018 [cited 18 March 2019]. Available from: 
http://undocs.org/ST/CND/1/Add.1/Rev.4. 
 
10 European Monitoring Centre for Drugs and Drug Addiction (EMCDDA). Overview of legal topics: 
Classification of controlled drugs [Internet]. Lisbon; 2012 [cited 25 April 2021]. Available from: 
https://www.emcdda.europa.eu/publications/topic-overviews/classification-of-controlled-drugs_es. 
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traditional drink (bhang) was “far less harmful than alcohol”. The attempt was 

unsuccessful. After the Convention was put forward India was the country that kept 

the cannabis plant from being demolished as prohibition of cannabis was waived in 

some traditional regions and continued practicing traditional and religious 

celebrations using bhang. (Bewley-Taylor et al, 2014). Bhang is a traditional Hindu 

drink composed of cannabis flowers and leaves, milk, water, spices, and yoghurt. 11  

 

In 1971, the Convention on Psychotropic Substances was issued. This included 

Tetrahydrocannabinol (THC), its isomers and their stereochemical variants in 

schedule I. This act classified THC, the main active ingredient, as a psychotropic 

drug. 12 

 

It was in the late 19th and early 20th centuries that the cannabis regulations started to 

be developed, as the pharmaceutical industry became more interested in the medicinal 

potential of cannabis (Bewley et al, 2014). According to the International Narcotic 

Control Board report published in 2017 the legal use of cannabis has increased 

significantly since the year 2000. In the following years multiple countries have 

initiated the use of cannabis for medical purposes and more scientific research have 

been conducted. As a result, total production of cannabis has increased from 1.3 tons 

per year to 100.2 tons by 2015 and doubled to 211.3 tons by 2016. 13 

 
11 What Is Bhang, Where Did It Come From & How Is It Made? [Internet]. Royalqueenseeds.com; 
2017 [cited 19 February 2019]. Available from: https://www.royalqueenseeds.com/blog-what-is-
bhang-and-how-is-it-made-n683. 
 
12  United Nations. Schedules of the Convention on Psychotropic Substances of 1971, as at 19 
November 2019 [Internet]. New York; 2018. [cited 25 April 2020]. Available from: 
https://undocs.org/ST/CND/1/Add.2/Rev.5. 
 
13 International Narcotic Control Board. Report of the International Narcotics Control Board for 2017 
[Internet]. New York; 2017 [cited 25 April 2020]. Available from: 

https://www.royalqueenseeds.com/blog-what-is-bhang-and-how-is-it-made-n683
https://www.royalqueenseeds.com/blog-what-is-bhang-and-how-is-it-made-n683
https://undocs.org/ST/CND/1/Add.2/Rev.5
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In 2020, the United Nations have accepted recommendations made by the World 

Health Organisation to remove cannabis and cannabis resin from schedule IV of the 

1961 single convention on Narcotic Drugs list. This reclassification will aid in 

removing barriers with regards to both research and development and accessibility of 

patients to medicinal cannabis. 14 

 

Differentiation should also be made between regulations of different cannabinoids. 

This is because different cannabinoids example CBD and THC have different 

properties, pharmacological effects and potential for dependence or abuse. As a result, 

the World Health Organisation also suggested that standardised preparations of 

cannabis containing mainly CBD (example CBD oil preparations) and a percentage of 

less than 0.2% of THC are not classified as a narcotic drug. 15 No country authorises 

the smoking of cannabis for medicinal purposes. 16 

 

 

 

  

 
https://www.incb.org/documents/Publications/AnnualReports/AR2017/Annual_Report/E_2017_AR_eb
ook.pdf. 
 
14 UN Commission on Narcotic Drugs reclassifies cannabis to recognize its therapeutic uses [Internet]. 
Who.int. 2021 [cited 26 July 2021]. Available from: https://www.who.int/news/item/04-12-2020-un-
commission-on-narcotic-drugs-reclassifies-cannabis-to-recognize-its-therapeutic-uses. 
 
15 Annex 1- Extract from the Report of the 41st Expert Committee on Drug Dependence: Cannabis and 
cannabis-related substances [Internet]. Who.int. 2021 [cited 26 July 2021]. Available from: 
https://www.who.int/medicines/access/controlled-
substances/Annex_1_41_ECDD_recommendations_cannabis_22Jan19.pdf?ua=1. 
 
16 European Monitoring Centre for Drugs and Drug Addiction (EMCDDA), Cannabis legislation in 
Europe: an overview [Internet]. Publications Office of the European Union, Luxembourg; 2018 [cited 
25 April 2020]. Available from: 
https://www.emcdda.europa.eu/system/files/publications/4135/TD0217210ENN.pdf. 
 

https://www.incb.org/documents/Publications/AnnualReports/AR2017/Annual_Report/E_2017_AR_ebook.pdf
https://www.incb.org/documents/Publications/AnnualReports/AR2017/Annual_Report/E_2017_AR_ebook.pdf
https://www.emcdda.europa.eu/system/files/publications/4135/TD0217210ENN.pdf
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1.5.1. Local Regulations and Legislations 
 
In Malta the legislation regarding medicinal cannabis has been approved in March 

2018. 17 The law currently states that a licenced medical practitioner can prescribe 

medicinal preparations of cannabis products that are licenced under the ‘Medicines 

Act or manufactured under Good Manufacturing Practice’. Symptoms and conditions 

that can be treated with medicinal cannabis are not listed. 

 

Regulations and General Guidelines on the Production of cannabis for medical and 

research purposes have been implemented in Malta in December 2018. 18  With 

regards to cannabis activities carried out for research and development purposes a 

licence is also required. The site in which the activities are carried out needs to be 

approved by the regulatory authorities while a detailed proposal describing the 

activities, aims and objectives need to be submitted. Cultivation of the cannabis plant 

should be carried out with reference to the ‘European Medicines Agency Guideline on 

Good Agricultural and Collection Practice (GACP) for Starting Materials of Herbal 

Origin’. 19 

 

 
17  Drug Dependence (Treatment not Imprisonment) ACT 2015 (CAP. 537) [Internet]. Malta; 
2018[cited 2020 January 20]. Available from: 
http://justiceservices.gov.mt/DownloadDocument.aspx?app=lom&itemid=12289&l=1. 
 
18 Malta Medicines Authority. General Guidelines on the Production of cannabis for medical and 
research purposes [Internet]. Malta; 2018 [cited 1 April 2019]. Available from: 
http://www.medicinesauthority.gov.mt/file.aspx?f=4226. 
 
19  European Medicines Agency (EMEA). Committee On Herbal Medicinal Products (HMPC). 
Guideline On Good Agricultural And Collection Practice (GACP) For Starting Materials Of Herbal 
Origin [Internet]. European Medicines Agency; 2006 [cited 25 April 2020]. Available from: 
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-agricultural-collection-
practice-gacp-starting-materials-herbal-origin_en.pdf. 
 

http://justiceservices.gov.mt/DownloadDocument.aspx?app=lom&itemid=12289&l=1


 

 37 

1.6.  Extraction and Analysis  

1.6.1. Extraction Techniques 
 
Extraction can be divided into two; physical and chemical. Physical extraction makes 

use of mainly the centrifugal force, the force of gravity and filtration. On comparison 

physical extraction is more user friendly, cheaper and makes use of instrumentation 

that is readily available in most laboratories, however in terms of larger industrial 

scales such methods might not be as efficient hence why chemical extraction is used 

(Wise, 2019). 

 

Throughout the process of extraction chemical composition, chemical properties and 

quantity of cannabinoids being extracted from the sample may be altered. Therefore, 

during method development the main concern would be efficiency, reproducibility, 

availability of equipment, convenience, environmental impact, and the volume of 

analyte being yielded.  A Soxhlet extractor is the apparatus of choice used in the 

industry for extraction of cannabinoids from oil. Using a Soxhlet extractor is favoured 

as it is easy to use, efficient and economical. Supercritical fluid extraction is another 

method of choice using carbon dioxide as a solvent. Ultrasonication can also be used, 

using both physical extraction and chemical (Devi and Khanam, 2019).  

 

Equipment used in small scale laboratories for physical extraction are explained as 

follows: 

 

Vortex mixing 

Vortex mixers are found in most of the laboratories. It is fast and easy to use 

instrument used to mix small samples of liquid in a rapid manner. Speed and duration 
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of mixing are two parameters that can be controlled. The rapid mixing in circular 

motion creates a spiral flow within the sample. 20 

 

Sonication 

Sonication is the process of using ultrasonic waves to aid in extraction. This method 

has been used for cannabinoid extraction mainly since it does not use any chemicals 

and due to its efficiency, making the method more economical as well as 

environmentally friendly. 21 

 

Centrifugation 

Centrifugation is a separation technique in which the centrifugal force is used to 

separate component in a heterogeneous mixture. The component liquids will separate 

and sediment according to their density. This method of extraction coupled up with 

sonication was also the method of choice for sample preparation by Zivovinovic et al. 

 

1.6.2. Sample Preparations 
 

Sample preparation is an important step prior to analysis. This varies according to the 

dosage formulation of cannabis as different forms of standardised preparations are 

available. These include tinctures, raw herbal cannabis in the form of flower buds, 

powder capsules and the most common form; oils (ElSohly et al, 2020). 

 
 

20  Vortex Mixers [Internet]. Conduct Science. 2021 [cited 26 July 2021]. Available from: 
https://conductscience.com/vortex-mixers/. 
 
21  A Leap Forward in Cannabinoid Extraction with Ultrasonic Techniques [Internet]. 
Cannabistech.com. 2017 [cited 26 July 2021]. Available from: 
https://www.cannabistech.com/articles/a-leap-forward-in-cannabinoid-extraction-with-ultrasonic-
techniques/. 
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The ‘Recommended methods for the Identification and Analysis of Synthetic 

Cannabinoid Receptor Agonists in Seized Materials’ published by the United Nations 

Office on Drugs and Crime in 2020 22 suggests two different methods for extraction 

and sample preparation for qualitative or quantitative analysis. Solvents 

recommended to extract the samples are non-polar or polar example methanol and 

acetonitrile. Sonication, centrifugation, and filtration are recommended physical 

extraction methods. Soxhlet extraction is also recommended when quantitative 

analysis is carried out. 

 

With regards to extraction of cannabinoids from oil performing further extractions 

might be required. Cannabis oil products can be found in various forms and are 

composed of different carrier oils example olive oil, medium chain triglyceride 

(MCT) oil and hemp seed oil. Different carrier oils require different extraction 

methods, sample preparation and parameters for analysis. (Urasaki et al, 2020). 

  

 
22 United Nations Office on Drugs and Crime (UNODC), Recommended Methods for the Identification 
and Analysis of Synthetic Cannabinoid Receptor Agonists in Seized Materials (Revised and updated) 
[Internet]. New York; 2020. [cited 3 August 2021]. Available from: 
https://www.unodc.org/documents/scientific/STNAR48_Rev.1_ebook.pdf. 
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1.6.3.  Presumptive Tests 
 

Colour tests are used for screening for the presence of cannabis and not definitive 

identification. Colour tests are used in combination with other analytical tests to 

ensure identification. When performing such tests, it is recommended to use a 

cannabis control sample as a reference material. Immunoassays can be performed for 

presumptive identification of cannabis. On comparison with other tests immunoassays 

are expensive.23 

1.6.4.  Ion Mobility Spectrometry  
 
Performing Ion Mobility Spectrometry (IMS) test can screen THC.  In 2001 it was 

documented that this method could be problematic and has limited selectivity when 

distinguishing from heroin signals and hence it was not the ideal test to be 

performed.2324 

 

In 2018 a paper was published by Hadener et al. in which the “suitability of direct 

analysis of cannabis extracts by ion mobility spectrometry coupled to mass 

spectrometry” was investigated. An IMS-MS method was developed and validated. 

  

 
23 United Nations Office on Drugs and Crime (UNODC), Recommended methods for the identification 
and analysis of cannabis and cannabis products [Internet]. New York; 2009. [cited 1 April 2019]. 
Available from: https://www.unodc.org/documents/scientific/ST-NAR-40-Ebook_1.pdf. 
 
23 United Nations Office on Drugs and Crime (UNODC), Recommended methods for the identification 
and analysis of cannabis and cannabis products [Internet]. New York; 2009. [cited 1 April 2019]. 
Available from: https://www.unodc.org/documents/scientific/ST-NAR-40-Ebook_1.pdf. 
 

https://www.unodc.org/documents/scientific/ST-NAR-40-Ebook_1.pdf
https://www.unodc.org/documents/scientific/ST-NAR-40-Ebook_1.pdf
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1.6.5.  Thin-Layer Chromatography  
 
Thin-Layer Chromatography (TLC) methods have been developed and validated all 

of which have a variety of different mobile and stationary phases which are 

accompanied by different sample preparation and techniques.  The distance travelled 

by a given component divided by the distance travelled by the solvent that is the 

Retention Factor (Rf) is subject to laboratory conditions as well as sample age and 

quality. It is recommended to use cannabinoid standards on the same plate while 

performing TLC testing. 725 

1.6.6.  Gas Chromatography-Mass Spectrometry  
 

Gas Chromatography –Mass Spectrometry (GC-MS) method has been used for the 

analysis of the cannabinoids. To avoid decarboxylation of the acidic cannabinoids in 

the heated injected port of gas chromatography cannabinoids must be derived prior to 

analysis. A broad range of sample types can be analysed by this method such as food, 

beverages, oral supplements, and plant extracts detecting both acidic and neutral 

cannabinoids (Ciolino et al, 2018a). 

1.6.7. Gas Chromatography with Flame Ionization Detection 
 

This method is used to identify qualitatively and quantitatively cannabinoids that are 

synthetically produced. This method is therefore mainly used in the forensic area to 

confirm identity of drug and not for pharmaceutical or medicinal products of 

cannabis. 22 

  

 
7 United Nations Office on Drugs and Crime (UNODC). World drug report 2009, United Nations 
Publications, New York; 2009, [cited 25 April 2020]. Available from: 
https://www.unodc.org/documents/wdr/WDR_2009/WDR2009_eng_web.pdf. 
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1.6.8.  High-Performance Liquid Chromatography  
 

A method of choice for the analysis and determination of cannabinoids is high-

performance liquid chromatography (HPLC). Separation and determination of 

cannabinoids can be performed rapidly, and quantification can be subsequently 

carried out (Mandrioli et al, 2019; Zivovinovic et al, 2018) 

 

For optimum analysis it is fundamental to select the best mobile phase and buffer for 

the sample. It is at lower wavelengths that the UV cut-offs become significant. 

Analytes have individual UV absorbance maxima hence the UV detector can be set at 

a specific wavelength in which the analyte gives optimal selectivity (Swartz, 2010). 

 

1.7. Aims and Objectives  
 

To develop an effective, efficient, and reproducible method for the extraction and 

determination of THC from oil, making use of instrumentation and equipment that is 

readily available in most laboratories.  
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Chapter 2  

Methodology 
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2.1.  Project Overview  
 
Phase 1 of this project consisted of a detailed literature review using HyDi, PubMed 

and Google Scholar focusing on cultivation and analysis of cannabis. Followed by the 

development of a method for the analysis of THC, CBD and CBN in methanol. 

 

In phase 2 an effective, efficient, and reproducible method for the extraction and 

determination of THC from oil was developed. 

 

Project was conducted at the Department of Pharmacy, University of Malta at the 

Pharmaceutical Synthesis and Technology Laboratory. 

2.2.  Instrumentation 
 

Reversed-Phase High Performance Liquid Chromatography (HPLC) was performed 

using an Agilent � 1260 Infinity system with an ACE � 5 C18 column (250 x 4.6mm 

id) using OpenLab � software.  

2.3.  Mobile Phase 
 
Isocratic elution was performed using mobile phase of: 

(A) Acetonitrile (Honeywell Chemical)  

(B) 2.84 g/L phosphate buffer (Carlo Erba Reagents), with phosphoric acid (Fisher 

Chemical) for pH adjustment. 

 

Buffer solution (B) was prepared as follows: 

1. 2.84g of disodium hydrogen phosphate anhydrous was weighed. 

2. Added to 1L of HPLC grade water in a beaker. 

3. Solution was sonicated for 5 minutes. 
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4. Phosphoric acid was added until the required pH value was obtained. pH was 

measured using a Hanna® pH meter. 

5. Buffer solution was filtrated using a funnel and filter paper. 

6. Buffer was stored in a labelled bottle. 

 

2.4.  Method Development for the Analysis of Cannabinoids 
 
A literature review for the analysis of THC, CBD and CBN was first conducted using 

HiDy, Google Scholar and PubMed using keywords ‘HPLC’ and ‘Cannabinoids’ in 

title (2009-2019). Parameters used in different published HPLC methods were 

compared in the form of a table (Table 3.1). 

 

HPLC method development was conducted using LGC ® standard solution of THC 

0.1mg/mL, CBD 1.0mg/mL and CBN 1.0 mg/mL in methanol. Standard solutions of 

CBD and CBN were diluted with HPLC-grade methanol (Honeywell Chemical) to 

match the concentration of THC (0.1mg/mL). The analyte used consisted of equal 

amounts of standard solutions, of concentration 0.1 mg/mL of THC, CBD and CBN 

in methanol. HPLC parameters were tested as illustrated in table 2.1. including ratio 

of mobile phase, Acetonitrile (ACN) is to Buffer, pH, and flow rate of mobile phase. 

The selected UV detection wavelength was 220nm and temperature of stationary 

phase was 25ºC. UV detection wavelengths of 228nm and 270nm were used. 
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Table 2.1:  HPLC parameters tested during method development of analysis of THC, 
CBD and CBN in methanol. 

 

 

Cannabinoid standards (THC, CBD, CBN) were run separately to determine their 

elution times and order of elution. 

 

Parameters that repeatedly resulted in good chromatogram resolution, area under the 

peaks, baseline and retention time at an efficient rate were determined.  

 

2.5.  Method Development for the Extraction of THC in Oil 
 

Chemicals and reagents used included LGC � standard solution of THC 0.1mg/ml in 

methanol, Sigma-Aldrich � internal standard of ibuprofen, Natures aid � MCT oil 

and Primadonna � Extra Virgin Olive oil. Sample was prepared using a stock 

solution of 5 μg/ml of THC in MCT oil. 0.3ml of stock solution was hence added to 

0.6ml of methanol into a 1ml microcentrifuge tube. Sample (total volume of 0.9ml) 

was then ready for extraction and analysis.  

 

Extraction was performed using Vortex-Genie � 2, Langford Sonomatic � 1400 

Ultrasonic Bath and Eppendorf � Minispin centrifuge. Parameters tested included 

different velocities and times as listed in table 2.2. Conditions for extraction of THC 

from oil were selected by comparing areas under the peak of THC using constant 

 

Mobile 
Phase 

   ACN:Buffer 
90:10 

   ACN:Buffer 
80:20 

   ACN:Buffer 
70:30 

pH 2.5 3.0 4.0 6.0 

Flow Rate 
(ml/min) 0.5  1.0  1.5  2.0  
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HPLC parameters of the previously developed analytical method.  HPLC parameters 

used were mobile phase: phosphate buffer (pH2.5) and acetonitrile (80:20, v/v) at 

flow rate of 2ml/min, UV detector wavelength of 220nm and column temperature of 

25°C.  

 

Table 2.2: Parameters tested to determine best method of extraction of THC from oil. 

 
 

2.6.  Method Development for the Determination of THC in Oil 
 
 
Following the development of an efficient and effective method for the extraction of 

THC from oil, HPLC parameters of previously developed method had to be 

optimised. Parameters tested included ratio of buffer to acetonitrile in the mobile 

phase, pH of buffer, injection volume of analyte, flow rate of mobile phase, detection 

wavelength and temperature of stationary phase.  

 

Analyses were conducted in triplicate to ensure reproducibility and precision of 

results. In between each HPLC run methanol was injected on its own to clean the 

stationary phase from oil residue and any other contaminants. Resolution of 

chromatograph, peak shape and retention time of THC were observed while area 

under the peak of THC were measured.  

 

Technique Parameter/s Values 

Vortex Mixing Time (minutes) 0.5 1 3 5 

Sonication Time (minutes) 15 20 

Centrifugation 
Time (minutes) 15 20 25 

Velocity (rpm) 3500 4500 6000 10000 
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Method development was initially conducted using MCT oil (table 2.3 illustrates 

tested parameters) however this method was not found to be reproducible due to 

blockage and damage of stationary phase. Method development was continued using 

Extra Virgin Olive oil (table 2.4 illustrates tested parameters). 

 
Table 2.3: HPLC parameters tested during method development using MCT oil. 

 
 

Table 2.4: HPLC parameters tested during method development using Extra Virgin 
Olive oil. 

Mobile 
Phase 

% Volume 
Acetonitrile 

% Volume 
Phosphate 

Buffer 

Flow Rate 
(ml/min) 

Injection 
Volume 

(μl) 

pH UV Detection 
Wavelength 

(nm) 
1 80 20 1.5 20 2.5 220 228 
2 70 30 1.5 20 2.5 220 228 
3 70 30 2 20 2.5 220 228 
4 65 35 2 20 2.5 220 228 
5 80 20 0.5 20 2.5 220 228 
6 80 20 1.5 20 2.5 220 278 
7 80 20 1.5 20 2.5 220 275 
8 80 20 1.5 20 2.5 220 280 
9 80 20 2 20 2.5 220 278 

10 80 20 2 50 2.5 220 278 
11 80 20 2 100 2.5 220 278 
12 80 20 1.5 100 2.5 275 278 
13 80 20 1.5 50 2.5 275 278 
14 80 20 1.5 20 6 220 228 
15 90 10 1 20 6 220 228 
16 90 10 1 20 6 275 278 
17 85 15 1 20 6 275 278 
18 75 25 1 20 6 220 228 
19 70 30 1.5 20 6 220 278 
20 70 30 1.5 50 6 220 278 
21 70 30 1.5 100 6 220 278 

 

Mobile 
Phase 

% Volume 
Acetonitrile 

% Volume 
Phosphate Buffer 

Flow Rate 
(ml/min) 

Temperature of 
Column (°C) 

1 90 10 1 25 
2 90 10 1 30 
3 90 10 1 40 
4 80 20 1.5 25 
5 80 20 0.5 40 
6 85 15 1 40 
7 85 15 1.5 40 
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3.1. Results Overview 
 
Results obtained can be summarised as follows: 
 

1. A table outlining the main parameters, conditions, and instrumentation of 

different HPLC methods described in literature for the analysis of 

cannabinoids. These results helped in understanding better different HPLC 

methods used for the analysis of cannabinoids. Knowledge acquired was an 

important part in method development. 

2. A method for the analysis of THC, CBD and CBN standard solutions in 

methanol was developed. Optimal chromatogram peak shape, size and 

retention time were achieved. 

3. A method for the extraction of THC from MCT oil was developed followed by 

determination of THC. This method was not found efficient or reproducible 

due to column blockage and long elution times of MCT oil. 

4. Method development was then continued using Extra Virgin Olive Oil as a 

carrier oil. The developed method was found to be effective, efficient, and 

reproducible. 

3.2. Literature Review 
 

Table 3.1. illustrates results of literature review for the analysis of THC, CBD and 

CBN. This was conducted utilising HiDy, Google Scholar and PubMed while using 

keywords ‘HPLC’ and ‘Cannabinoids’ in title (2009-2019). Table 3.1. outlines the 

main parameters, conditions, and instrumentation of different HPLC methods for the 

analysis of cannabinoids published in literature.  
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Table 3.1: HPLC parameters of different published methods. 
 

Author-Date HPLC Unit Stationary 
Phase  

Mobile Phase Injection 
Volume 

(μL) 

Detection 
Wavelength 

(nm) 

Retention 
Time 
(Min) 

Flow Rate 
(ml/min) 

Run 
time 
(min) 

Comments 

Aizpurua et al, 
2016 

HPLC-MS/MS 
method. 
 
(Infinity liquid 1260 
chromatographic 
system) 

Kinetex C18 
100A 
column 
  
Dimensions:
150mm x 
3mm, i.d. 
2.6μm  

(a) Milli-Q ® 
water with 
0.1% formic 
acid 
 
(b) Methanol 
with 0.1% 
formic acid  

10 / THC=15.5 
 
CBD=12.8 
 
CBN=14.9  
 

0.3 / Two step gradient 
elution was used  

Brighenti et al, 
2017 

HPLC-UV/DAD  
method. 
 
(Agilent 
Technologies 
modular model 1100 
system) 

Ascentis 
Express C18 
column  
 
Dimensions: 
150mm × 
3.0mm, i.d. 
2.7μm  
 

(a) 0.1% 
Formic acid in 
water  

 
(b)Acetonitrile 
in water  
 

3 190–600 nm. 
However 
chromatograms 
were acquired at 
210nm for 
decarboxylated 
cannabinoids 
and at 220nm 
for cannabinoic 
acids. 
 

/ 0.4 15 Two step gradient 
elution was used  
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Author-Date HPLC Unit Stationary 
Phase  

Mobile Phase Injection 
Volume 

(μL) 

Detection 
Wavelength 

(nm) 

Retention 
Time 
(Min) 

Flow Rate 
(ml/min) 

Run 
time 
(min) 

Comments 

Chang et al, 
2016 

HPLC-MS/MS 
method. 
 
(Agilent 1200 se- 
ries HPLC system)  
 

Supelco 
Ascentis  
C18 column  
 
Dimensions: 
100mm × 
2.1mm, i.d. 
3μm  
 

(a)Pure water 
with 0.1% 
formic acid  
 
(b)Acetonitrile 
with 0.1% 
formic acid 

20 / THC=13.17 
 
CBD=11.16 
 
CBN=12.40  
 

0.3 20 Two step gradient 
elution was used. 
 

Ciolino, 
Ranieri and 
Taylor, 2018 
 

HPLC-DAD 
method. 
 
(Agilent 1100, 1200, 
or 1260 HPLC-DAD 
systems) 

MacMod 
ACE 5 C18-
AR 
analytical 
columns  
 
Dimensions: 
250mm x 
4.6mm, i.d. 
5μm 
 

66:34 
Acetonitrile 
0.5% is to 
Acetic Acid  
 
No pH 
adjustment, 
nominal pH 2.9 

25 
 

220 – 307 
 
Overall optimal 
wavelengths: 
220nm and 
240nm (240nm 
preferred due to 
better 
resolution) 
 
Exception CBN: 
285nm 

THC=29 
 
CBD=15 
 
CBN=25 
 

1.0 50 / 

Cirimele et al, 
2014 

HPLC-MS/MS 
method. 
 
(Finnigan Surveyor 
HPLC system 
coupled with a 
triple-quadrupole 
ABSciex 5500 
QTRAP instrument) 
 

KinetexTM 
XB-C18 
column. 
 
Dimensions:  
2.1mm x 
100mm, i.d. 
2.6μm. 

/ / / / / / / 
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Author-Date HPLC Unit Stationary 
Phase  

Mobile Phase Injection 
Volume 

(μL) 

Detection 
Wavelength 

(nm) 

Retention 
Time 
(Min) 

Flow Rate 
(ml/min) 

Run 
time 
(min) 

Comments 

De Backer et 
al, 2009 

HPLC/DAD method.  
 
(Hewlett Packard 
HPLC System) 
 

MS C18 
analytical 
column  
 
Dimensions: 
2.1mm x 
250mm, i.d. 
5μm. 
 

(a)Methanol 
containing 50 
mM of 
ammonium 
formate  
 
(b)Water 
containing 50 
mM of 
ammonium 
formate  
 
pH adjusted to 
5.19 
 

30 220-380 THC=23.5 
 
CBD=16.5 
 
CBN=21.6 
 

0.3 36 Two step gradient 
elution was used. 
 

Jin et al, 2017 HPLC-DAD method 
followed by GS-MS. 
 
(Agilent 1100 
Series)  
 

Agilent 
Z0RBAX 
RX-C18 
Column.  
 
Dimensions: 
4.6mm × 
150mm, i.d. 
3.5μm. 
 

1:1 (v/v), water 
and 
acetonitrile. 

/ / / / / / 
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Author-Date HPLC Unit Stationary 
Phase  

Mobile Phase Injection 
Volume 

(μL) 

Detection 
Wavelength 

(nm) 

Retention 
Time 
(Min) 

Flow Rate 
(ml/min) 

Run 
time 
(min) 

Comments 

Krizman, 2019 
 

HPLC-DAD 
method. 
 
(Finnigan Surveyor 
HPLC system 
equipped with a 
photodiode-array 
UV–Vis detector) 
 

Luna C18 
(2)  
 
Dimensions: 
150mm × 
3mm, i.d. 
3μm. 

9:31 (v/v) water 
and acetonitrile 
with 0.1% 
formic acid 
(v/v) and 10 
mM 
ammonium 
formate  
 
No pH 
adjustment. 
 

5 275 THC= 6.1 
 
CBD=3.3 
 
CBN=4.8 
 

0.5 8.5 Isocratic mobile 
phase. 

Labutin and 
Temerdashev, 
2015 

HPLC-MS/MS 
method. 

Poroshell 
120 C18 
column  
 
Dimensions: 
2.1mm × 
75mm, i.d. 
1.8μm  
 

(a) 0.1% 
formic acid in 
water 
 
(b)Acetonitrile 
and 85% 
formic acid  

5 / / 0.3 / Two step gradient 
elution was used  
 

Layton and 
Reuter, 2015 

HPLC using PDA 
detector. 
 
(PerkinElmer 
AltusTM HPLC 
system) 
 

PerkinElmer 
Brownlee 
Analytical 
C18 column. 
 
Dimensions:
4.6mm x 
150mm, i.d. 
3.0μm 
 

(a) 0.1% 
formic acid in 
water Solvent 
 
(b) 0.1% 
formic acid in 
acetonitrile  
 

25 210 THC= 6.7 
 
CBD=5.2 
 
CBN=6.0 
 

1.0 8 Two step gradient 
elution was used. 
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Author-Date HPLC Unit Stationary 
Phase  

Mobile Phase Injection 
Volume 

(μL) 

Detection 
Wavelength 

(nm) 

Retention 
Time 
(Min) 

Flow Rate 
(ml/min) 

Run 
time 
(min) 

Comments 

Mandrioli et 
al, 2019 

RP-HPLC-UV 
Method. 
 

Reverse 
phase C18 
column, 
Nex-Leaf 
CBX  
 
Dimensions: 
150mm × 
4.6mm, i.d. 
2.7μm 

(a)Water and 
0.085% 
Phosphoric 
Acid 
 
(b)Acetonitrile 
and 0.085% 
Phosphoric 
Acid 

5 220 THC=6.5 
 
CBD=4.1 
 
CBN=5.7  
 

1.6 8 
 

Two step gradient 
elution was used. 
 

Mwanza et al, 
2016 

HPLC-MS/MS 
method. 
 
(Agilent 1200 HPLC 
system) 
 

Reverse 
phase C18 
column, 
Dikma 
technologies  
 
Dimensions: 
50mm × 
4.6mm, i.d. 
5μm 
 

Acidic mixture 
of methanol 
and deionized 
water. 
 
pH 4.5 

20 / / 0.5 / Gradient elution 
was used. 

Ofitserova and 
Nerkara, 2017 

HPLC method with 
post column 
derivatization. 

C18 reversed 
phase 
column. 
 
Dimensions: 
150mm x 
4.6mm 

70:30 
Acetonitrile is 
to sodium 
phosphate 
buffer 6mM 
 
pH 3.5 

/ 475 / 1.0 / / 
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Author-Date HPLC Unit Stationary 
Phase  

Mobile Phase Injection 
Volume 

(μL) 

Detection 
Wavelength 

(nm) 

Retention 
Time 
(Min) 

Flow Rate 
(ml/min) 

Run 
time 
(min) 

Comments 

Patel, Wene 
and Fan, 2017 
 

HPLC-DAD system. Agilent 
Poroshell 
120 SB-C18 
column. 
 
Dimensions: 
3.0mm x 75 
mm, i.d. 
2.7μm 

Ammonium 
acetate 25mM. 
 
pH adjusted to 
4.75 with 
acetic acid 

10 235 THC=8.32 
 
CBD=5.55 
 
CBN=7.54 
 

/ 10 Method to 
analyse a large 
number of 
samples in a short 
time. 

Protti et al, 
2019 

HPLC−DAD−MS/M
S  
Method. 
 
(Waters Alliance 
e2695 
chromatographic 
pump system) 
 

Reversed 
phase 
Waters 
Cortecs 
C18+ 
column. 
 
Dimensions: 
100mm × 
2.1mm, i.d. 
2.7μm 
 

(a) 0.1% FA in 
Acetonitrile 
 
 
(b) 0.1% 
formic acid in 
water 

10 / / 0.3 13 Two step gradient 
elution was used. 
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3.3. Determination of THC, CBD and CBN in Methanol 
 
Figure 3.1. illustrates HPLC parameters that resulted in the optimal chromatograph 

during method development for the analysis of THC, CBD and CBN in methanol in 

terms of peak shape, size, retention time and reproducibility were as listed in table 

3.2. 

 

Table 3.2: Chosen HPLC parameters for the analysis of THC, CBD and CBN in 
methanol. 

 

Figure 3.1: Chromatograph produced using chosen parameters for the seperation and 
determination of THC, CBD and CBN in methanol. 

 
 

 

 
Mobile Phase: Acetonitrile : Buffer 80:20 (v/v) 

pH of Buffer: 2.5 

Injection Volume of Analyte: 20 µL 

Flow Rate of Mobile Phase: 2 ml/min 

Detection Wavelength: 220 nm 

Temperature of Column: 25 °C 

Retention Time of CBD: 3.6 Minutes 

Retention Time of CBN: 5.5 Minutes 

Retention Time of THC: 6.9 Minutes 
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3.4. Extraction and Determination of THC from Oil 
 
Extraction of THC from oil was carried out using parameters described in figure 3.2. 

These parameters resulted in the extraction of the optimal analyte for analysis. Two 

immiscible layers were yielded. The supernatant (i.e. the top layer), consisted of THC 

in methanol, and was separated using a micropipette, refrigerated for 12 hours and 

centrifuged for 15 minutes at a velocity of 6000 rpm. Analyte was filtered using a 

0.45 mm syringe filter and ready for HPLC analysis. 

 

 

 

 

 

 
 

Figure 3.2: Techniques and parameters used to extract THC from oil. 
 
 

Selected HPLC parameters for determination of THC in MCT oil were as listed in 

table 3.3. 

 

Table 3.3: Chosen HPLC parameters for the analysis of THC following extraction 
from MCT oil. 

 
 

Vortex Mixing
30 Seconds

Centrifugation 
15 Minutes at 6000 rpm

 
Mobile Phase: Acetonitrile : Buffer 80:20 (v/v) 

pH of Buffer: 2.5 

Injection Volume of Analyte: 20 µL 

Flow Rate of Mobile Phase: 1.5 ml/min 

Detection Wavelength: 220 nm 

Temperature of Column: 25 °C 

Retention Time of THC: 10.9 Minutes 
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Figure 3.3 illustrates corresponding chromatograph. Resolution and peak shapes 

observed were sufficiently good. Average retention times and area under the peaks of 

Ibuprofen and THC were 3.27 minutes and 10.90 minutes, 736988 mAU and 821169 

mAU respectively. Method was not found efficient or reproducible due to column 

blockage and long elution times of MCT oil.  

 

 

 

 

 

 

 

Figure 3.3: Chromatograph determining THC following extraction from MCT oil. 
(Average retention times; Ibuprofen: 3.27 minutes, THC: 10.90 minutes. Average 

area under the peaks; Ibuprofen: 736988 mAU and THC: 821169 mAU) 
 
 
Method development was continued using Extra Virgin Olive oil. HPLC parameters 

that repeatedly resulted in good THC peak shape and resolution are listed in table 3.4. 

 

Table 3.4: Chosen HPLC parameters for the analysis of THC following extraction 
from Extra Virgin Olive oil. 

 
Mobile Phase: Acetonitrile : Buffer 70:30 (v/v) 

pH of Buffer: 2.5 

Injection Volume of Analyte: 20 µL 

Flow Rate of Mobile Phase: 2 ml/min 

Detection Wavelength: 220 nm 

Temperature of Column: 40 °C 

Retention Time of THC: 12.72 Minutes 
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Figure 3.4 illustrates corresponding chromatograph. Resolution and peak shapes 

observed were better when compared to results obtained with MCT oil. Average 

retention times and area under the peaks of Ibuprofen and THC were 2.85 minutes 

and 12.72 minutes, 715800 mAU and 835432 mAU respectively. 

 

 

 

 

 

 

 

 

Figure 3.4: Chromatograph determining THC following extraction from Extra Virgin 
Olive oil. (Average retention times; Ibuprofen: 2.85 minutes, THC: 12.72 minutes. 
Average area under the peaks; Ibuprofen: 715800 mAU and THC: 835432 mAU) 
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Chapter 4 

Discussion 
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4.1. Relevance of Developed Method 
 
According to the World Health Organisation cannabis preparations containing CBD 

with less than 0.2% of THC should be removed from the 1961 single convention on 

Narcotic Drugs list. It was stated that on comparison with other drugs making part of 

this list CBD does not have significant psychoactive effects, abusive and dependence 

properties. In 2020, the European Court of Justice used this recommendation in court 

for case C-663/18 in which it was concluded that CBD is not classified as a narcotic 

drug. 26 

 

Standardised preparations of cannabis which contain mainly CBD are commonly 

produced in the form of oils. Example of carrier oils include sunflower oil, MCT oil 

and olive oil. Analysis from an oil as a carrier is challenging due to complexity of 

mixtures and presence of fatty acids. The challenge can be divided into 1) extraction 

and separation of the analyte from the oil matrix to prepare sample for analysis 2) 

choosing the right parameters to be able to produce reproducible results with good 

resolution and resolved peaks. 27  

 

The relevance of developing this method of extraction and determination of THC in 

oil was to overcome these challenges and be able to effectively apply it for the 

determination of THC from CBD containing oils for medicinal and commercial use. 

  

 
26  Cannabidiol (CBD) is not considered a ‘narcotic drug’ under European law [Internet]. 
Emcdda.europa.eu. 2021 [cited 26 July 2021]. Available from: 
https://www.emcdda.europa.eu/news/2020/cannabidiol-cbd-is-not-considered-a-narcotic-drug-under-
european-law_en. 
 
27 Analysis of Vegetable Oils by High Performance Liquid Chromatography Using Evaporative Light 
Scattering Detection and Normal Phase Eluents [Internet]. www.waters.com. 2008 [cited 26 July 
2021]. Available from: 
https://www.waters.com/waters/library.htm?locale=172&cid=514428&lid=10095599. 
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4.2. Main Outcomes 
 
In this project a method was first developed using THC, CBD and CBN standard 

solutions in methanol. Developing this method helped in understanding better method 

of analysis and how to apply in practice all the principles of HPLC analysis. During 

this project HPLC parameters published in literature were first observed in the form 

of a systematic literature review followed by method development.  The following 

was concluded: 

 

HPLC Detector 

In table 3.1. one can observe that various HPLC detectors are used to analyse 

cannabinoids. Detectors are very specific due to their sensitivity. If this specificity is 

met both a qualitative and a quantitative measure can be obtained (Swartz, 2010). A 

Diode Array Detector (DAD) was frequently used (De Backer et al, 2009; Layton and 

Reuter, 2015; Brighenti et al, 2017; Jin et al, 2017; Patel, Wene and Fan, 2017; 

Ciolino, Ranieri and Taylor, 2018; Krizman, 2019; Protti et al, 2019). Diode Array 

detectors can scan a range of wavelengths, differently from UV detectors that can 

only detect a single wavelength at a time. Using a DAD result in a more efficient 

method in which samples containing different cannabinoids (with different UV 

absorbance) can be detected at once (Swartz, 2010). 

 

HPLC coupled up with Mass Spectrometry (MS) was another method frequently used 

in methods described in literature (Cirimele et al, 2014; Labutin and Temerdashev, 

2015; Aizpurua et al, 2016; Chang et al, 2016; Mwanza et al, 2016; Protti et al, 2019). 

 

Methods using UV detectors were observed the least. UV detectors are categorised as 

analyte specific property detectors with the specificity being the precise wavelength at 
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which a particular analyte absorbs the UV light (Swartz, 2010). A UV detector was 

used for this project. 

 

A detection wavelength commonly used in methods described in literature was 220nm 

(De Backer et al, 2009; Brighenti et al, 2017; Ciolino, Ranieri and Taylor, 2018; 

Mandrioli et al, 2019). During method development the optimal range of UV 

absorbance was also at 220nm. Superior results and larger area under the peaks of 

THC, CBD and CBN were observed. It could also be observed that even though the 

same concentration of THC, CBD and CBN were used in equal amounts area under 

the peak of THC was relatively smaller. This is because cannabinoids have different 

UV absorptivity at 220nm (Hazekamp et al, 2005). 

 

pH of Buffer 

During method development, on increasing the pH of the buffer, the baseline of the 

chromatographs became less regular. This did not affect the peak shape or area under 

the peak of the cannabinoids. This is because the pH was still lower than their relative 

pKa. Hazekamp et al has also described this trend in pH alteration.  

 

Elution time and order of the compounds reflect their pKa values. pKa of THC, CBD 

and CBN is greater than 9, therefore at pH lower then 9 they are stable and fully 

protonated compounds (Vacek et al, 2021).  

 

Mobile Phase 

Percentage of acetonitrile used and retention time of cannabinoids was inversely 

proportionate. The higher percentage of acetonitrile used in the mobile phase the 

faster the compounds were eluted. Higher percentages of acetonitrile also affected the 
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resolution of the chromatograph as well as peak sizes. This could be due to the 

compounds losing their buffering capacity when larger volumes of acetonitrile are 

used (Vella et al, 2014). 

 

Flow Rate of Mobile Phase 

Flow rate mainly affected time of elution and total run time of the method. In the 

method for determination of THC, CBD and CBN in methanol as the flow rate was 

doubled from 1 ml/min to 2ml/min total run time decreased by half to a total run time 

of 7 minutes. This parameter made the method more efficient. 

 

MCT Oil and Extra Virgin Olive Oil 

MCT oil and Extra Virgin Olive oil are composed of different fatty acids which have 

different carbon chain lengths and bond types, hence have different properties. 

Viscosity, lipophilicity, and stability, as well as elution times of fatty acids present in 

the carrier oils vary. This was a challenge that was encountered during method 

development (Gharby et al, 2014). 

 

On running both carrier oils on their own, different peaks of compounds found in each 

oil were observed. In figure 4.1. it can be observed that MCT oil on its own produces 

a chromatograph with several peaks which might compromise resolution of analyte 

peaks. Elution of all fatty acids and compounds found in MCT oil also require a long 

period of time. These properties made both reproducibility and resolution of 

chromatograph problematic. 
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Figure 4.1. Chromatograph of MCT oil. 
 

Figure 4.2. illustrates chromatograph of extra virgin olive oil, one can observe that 

extra virgin olive oil contains fewer fatty acids on comparison with MCT oil resulting 

in a cleaner chromatograph and better results in terms of baseline, peak shape, and 

resolution. 

 

Figure 4.2. Chromatograph of Extra Virgin Olive oil. 
 
Blank injections of the carrier oils were run to ensure selectivity and specificality in 

identifying analyte of interest (THC). Peaks of the fatty acids found in both carrier 

oils did not interfere or overlap with the retention time of THC. 
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On comparing the two developed methods the following was concluded: 

1. Extraction and determination of THC from MCT oil was possible but not 

reproducible mainly due to contamination of the stationary phase of the HPLC 

system.  

2. Area under the peak of THC was greater when Extra Virgin Olive oil was 

used. This illustrates that greater volumes of THC can be extracted and 

detected using the developed method and Extra Virgin Olive oil as a carrier. 

 

In general, peaks of fatty acids present in the carrier oil (both MCT and Extra Virgin 

Olive oil) did not interfere with the peaks of the Ibuprofen standard and the THC, 

however overall resolution of chromatographs were better when Extra Virgin Olive 

oil was used as a carrier. This observation however does not imply that a method for 

the extraction and determination of THC from MCT oil cannot be successfuly 

developed. 

 

Method and instrumentation of choice for quantitative analysis of cannabinoids is Gas 

Chromatography (GC). In GC high column temperatures are used, therefore prior to 

analysis cannabinoids are first decarboxylated. In general GC results in better 

detection and determination of cannabinoids  (Pourseyed et al, 2020).  

 

On comparing to other developed methods described in literature GC as well as 

HPLC-MS/MS and HPLC-DAD have superior sensitivity and specificity (Pourseyed 

et al, 2020). Differently, HPLC-UV costs less, is easier to operate and is readily 

available in most laboratories (Leghissa et al. 2018). 
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4.3. Conclusion 
 
A method for the extraction and determination of THC from Extra Virgin Olive oil 

was successfully developed. HPLC analysis coupled to UV detection was used. 

Parameters that repeatedly resulted in good THC peak shape and resolution were 

mobile phase: phosphate buffer (pH2.5) and acetonitrile (70:30, v/v) at flow rate of 

2ml/min, UV detector wavelength of 220nm and column temperature of 40°C. 

 

The developed method is effective. THC, being the analyte of interest could be 

successfully identified and determined both qualitatively and quantitatively. During 

method validation Tejada Rodríguez has also concluded that the level of accuracy and 

limit of quantification (0.039 μg/mL) has been the lowest published in literature.  

 

Average retention time of THC was 12.72 minutes, as a result total run time of the 

analysis was less than a total of 13 minutes. Preparing sample for analysis was the 

most time consuming. In total the extraction process required more than an hour of 

using different instrumentation and extraction methods (excluding 12-hour 

refrigerated period). Overall, given the obtained results, the developed method was 

time efficient. 

 

Reproducibility and repeatability of the developed method was a requirement. All 

runs were conducted in triplicates to ensure intra-assay precision and regularity of 

results. During method development Tejada Rodríguez published Relative Standard 

Deviation results of both intra-day precision (less than 4.5%) and inter-day precision 
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(less than 6.9%). These results concluded that the developed method has acceptable 

precision according to the ICH guidelines. 28 

 

Limitations 

The developed method was only applied to extract and determine THC from the 

standard solution of THC and Extra Virgin Olive oil that was prepared in the 

laboratory. Other THC containing oils that have Extra Virgin Olive oil as a carrier or 

other carrier oils were not tested. Therefore, one cannot state that the developed 

method can be effectively applied for determination of THC from CBD containing 

oils found in the market for medicinal and commercial use. 

 

Another limitation was that LGC ® standard solution of THC in methanol of 

concentration 0.1 mg/mL was diluted in the carrier oil to produce a stock solution of 

concentration 5 μg/ml. Hence, only concentrations of THC below this concentration 

were tested in the developed method. 

 

Suggestions for Future Work 

Developed method can be improved if the above limitations are challenged. Other 

carrier oils can be used while different parameters for the extraction and 

determination of THC from MCT oil can be further tested. More cannabinoids can be 

introduced which makes the method more applicable for the analysis of standardised 

CBD oils found in the market for medicinal and commercial use that contain a more 

complex composition. Higher concentrations of THC can also be used to ensure that 

the method is still effective when higher concentrations are used.  

 
28 International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human 
Use (ICH). Validation of analytical procedures: text and methodology Q2 (R1) [Internet]. 2005. [cited 
17 August 2021]. Available from:  
https://database.ich.org/sites/default/files/Q2%28R1%29%20Guideline.pdf. 
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ABSTRACT

Objective: During reversed-phase high-performance liquid chromatography (HPLC) analyses, optimization of separation can be achieved by selecting 
appropriate chromatographic conditions. The retention time, peak shape, and peak size of chromatographic peaks are dependent on amount of organic 
modifier in the mobile phase and buff er pH. The aim of this study was to investigate the effects of varying pH, acetonitrile composition and flow rate 
of the mobile phase, and temperature of the stationary phase and wavelength in the development of a method to separate D9 tetrahydrocannabinol, 
cannabidiol, and cannabinol.

Methods: Mobile phases with different buffer pHs and acetonitrile composition were used with ultraviolet (UV) detection wavelength of 220 nm and 
228 nm. The AUPs and retention times were observed using different mobile phase flow rates and stationary phase temperatures.

Results: The best results were obtained when using a mobile phase composition of 20% phosphate buffer pH 2.5 or pH 3 and 80% acetonitrile v/v 
at a flow rate of 2 mL/min at 220 nm.

Conclusion: This rapid and easy-to-use HPLC method describes the effect of changing important chromatographic parameters on separation and 
retention time of cannabinoids and can be eff ectively applied for high throughput analysis.

Keywords: Reversed-phase high-performance liquid chromatography, pH, Acetonitrile, D9 tetrahydrocannabinol, Cannabidiol, Cannabinol.

INTRODUCTION

Reversed-phase high-performance liquid chromatography (RP-HPLC) 
separates analytes based on differences in polarity [1] and is the most 
commonly used type of liquid chromatographic analytical technique, 
preferred by the pharmaceutical industry [2,3]. When developing 
analytical HPLC methods, various parameters have to be considered 
to achieve favorable resolution, specificity, peak shape, retention time, 
and total run time [4,5]. Different detectors such as ultraviolet (UV), 
fluorescence, and mass spectrometry (MS) can be coupled to HPLC. MS 
detectors have very good sensitivity and selectivity but require skilled 
expertise to operate and are relatively expensive. UV detectors are 
often preferred as they are easier to operate, cheaper, and more readily 
available [6-8].

Optimization of separation of analytes can be achieved by selecting 
appropriate stationary phase and mobile phase characteristics and 
appropriate UV detection wavelength. Shorter retention times may 
be achieved with an increase in temperature of the stationary phase 
although stationary phase stability can be compromised if temperatures 
are too high [9,10]. The type and amount of organic modifier, pH of 
buffer, and flow rate of the mobile phase have an effect on peak shape, 
retention time, and resolution [11-14]. Chromatographic run times 
should ideally not be too long for more efficient analyses but not too 
short so as to compromise resolution and selectivity [15].

The majority of reversed-phase chromatographic analyses operate 
at pH values in the range of 2–8 [16]. Control of pH of the buffer 
used in the mobile phase is important when separating analytes can 
be ionized. pH control can affect symmetry and peak shape which 
is enhanced when the analytes are present in either an ionized or 
unionized form. Ionization also aff ects relative distribution of analytes 
between mobile and stationary phase, influencing r etention time in the 

process. Phosphate buffers are widely used in HPLC analyses as they 
are inexpensive, produce good chromatograms, and can be used for a 
range of pH values since phosphoric acid has three different buffering 
ranges: pH 1.1–3.1, pH 6.2–8.2, and pH 11.3–13.3 [15]. Methanol and 
acetonitrile are the most commonly used buffers in isocratic reversed-
phase HPLC. Acetonitrile produces less of an increase in pressure and 
shorter run times when compared to methanol [17,18].

The versatility of HPLC allows for the identification and quantification 
of a variety of compounds, both of natural and synthetic origin. 
HPLC can be effectively used to analyze compounds which present 
in the cannabis plant. Cannabis sativa is a dioecious plant belonging 
to the Cannabaceae family and has been used for millennia for 
recreational purposes, as a folk medicine and as a source of textile 
fiber [19-21]. Following a renewed interest in the properties of the 
cannabis plant after the description of cannabinoid receptors and 
the endogenous endocannabinoid s ystem [22], efforts are now being 
put in trials and research on cannabis for medicinal purposes such as 
management of epilepsy, pain, and chemotherapy-induced nausea and 
vomiting [23-25]. The three most commonly studied cannabinoids 
known to exert physiological effects are D9 tetrahydrocannabinol 
(THC), cannabidiol (CBD), and cannabinol (CBN) [26-28] (Fig.  1).

THC, CBD, and CBN are weakly acidic compounds having pKa values of 
10.5, 9.5, and 9.32, respectively [29,30]. At pH values lower than 9.32, 
THC, CBD, and CBN exist in their protonated form.

A number of chromatographic techniques describing the separation 
and determination of cannabinoids ha ve been described with 
reversed-phase HPLC being commonly used for analysis [27,31-33]. 
Analysis of cannabinoids using HPLC allows for the determination of 
both neutral and acidic forms of cannabinoids without the need for 
derivatization [34]. HPLC methods using gradient and elution modes 

© 2021 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the C C BY license (http://creativecommons.org/
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for the separation of cannabinoids have been described with isocratic 
elution being favored due to lower cost, ease of use, and no need of 
column re-equilibration between runs [35-38].

The aim of the study was to investigate the effects of varying pH, 
acetonitrile composition and flow rate of the mobile phase, and 
temperature of the stationary phase and wavelength in the development 
of a comparatively simple and rapid method to separate THC, CBD, and 
CBN.

METHODS

Mobile phases
Mobile phases were prepared using HPLC-grade acetonitrile (Fisher 
Chemical, Leicestershire, UK) and phosphate buffer. The buffer was 
prepared by dissolving anhydrous extra pure disodium hydrogen 
phosphate (Scharlau, Sentmenat, Spain) in HPLC-grade water (Fisher 
Chemical, Leicestershire, UK) to make up a solution of 0.02M, and 
pH was then adjusted by the dropwise addition of HPLC-grade 
orthophosphoric acid (Fisher Chemical, Leicestershire, UK). pH 
readings were taken using a Mettler Toledo FiveGo® pH meter which 
was calibrated before every reading using standard Hanna® calibrator 
buffer solutions at pH values of 4.01 and 7.01. Twelve different mobile 
phases were used (Table 1).

Sample preparation
Standards of (-)-delta 9-THC 0.1 mg/mL in methanol, (-)-CBD 
1.0mg/mL, and CBN 1.0 mg/mL were purchased from LGC Standards 
GmBH (Wesel, Germany). Stock solutions of 5 mg/mL of THC, CBD, 
and CBN were prepared in HPLC-grade methanol (Fisher Chemical, 
Leicestershire, UK). Equal volumes of the 5 mg/mL stock solutions of 
THC, CBD, and CBN were mixed in amber-colored flasks.

Instrumentation
An Agilent 1260 Infinity Series® liquid chromatographic system having 
a quaternary pump and multiwavelength detector was used. The 
stationary phase used was an ACE® RP C18 column (250 mm×4.6 mm; 
5 mm particle size). The temperature of the stationary phase was first 
set at 25°C. The UV/visible detector was set at 220 nm and 228 nm. 
Sample volumes of 20 mL containing THC, CBD, and CBN were injected. 
Before analysis, solutions containing only THC, CBD, and CBN, 
respectively, were injected to assist with peak identification. Three 
replicate runs using each type of mobile phase prepared were carried 
out to ensure precision. Column equilibration was carried out before 
changing the mobile phase. The flow rate of the mobile phase was 
set at 1 mL/min. The best mobile phase characteristics according to 
amount of acetonitrile and pH were identified and then tested at two 
other different flow rates - of 1.5 and 2 mL/min. Following the choice 
of the flow rate which gave the best results in terms of resolution and 
speed of analysis, the temperature of the stationary phase was tested 
at two other different temperatures, namely 20°C and 30°C, and the 
temperature giving the best results in terms of resolution and speed of 
analysis was chosen.

The run times were adjusted for each chromatogram according to the 
mobile phase used. The average values for the areas under the peak, 
area percentages, and retention times were calculated for each run.

RESULTS

Wavelength of analysis
Larger areas under the peak were obtained for CBD, CBN, and THC at 
220 nm when compared to 228 nm. The areas under the peak for CBD 
and CBN were larger than the peak for THC for equal concentrations 
(5 mg/mL) of the three cannabinoids.

Buffer pH
There was no difference in peak shape or area under the peak when pH 2.5 
buffer and pH 3 buffer were used. As the buffer pH was increased to 4 and 
6, there were some irregularities in the baseline although this did not affect 
the shape and area under the peak of the three cannabinoids (Figs. 2-9).

Percentage of acetonitrile in the mobile phase
As the amount of acetonitrile in the mobile phase was increased from 70% 
to 80%, the retention time of the three cannabinoids decreased (Figs. 5 and 
6). The retention time continued to decrease as the amount of acetonitrile 
was increased to 90%, but the peak shape of CBD was compromised and 
unsymmetrical. The decrease in retention time with a loss of symmetry of 
peak occurred at all pH values - 2.5, 3, 4, and 6 (Figs. 10-13).

Flow rate of mobile phase
The mobile phase having a buffer pH of 2.5 and 80% acetonitrile was 
chosen as it gave favorable results in terms of peak shape, size, and 
retention time. As the flow rate of the mobile phase was increased from 
1 to 1.5 to 2 mL/min, the total run time for the analysis of the three 
cannabinoids decreased from 14.3 to 9.4 to 7.0 min, respectively (Figs. 
6, 14 and 15).

Column temperature
There was no difference in the areas under the peak or retention time 
of CBD, CBN, and THC when the column temperature was changed from 
25°C to 20°C and 30°C.

DISCUSSION

Published UV spectra of cannabinoids have shown maximum UV 
absorption for THC, CBD, and CBN to lie in the region of around 

Table 1: Properties of the mobile phases used for 
high-performance liquid chromatography separation of 

cannabinoids

Mobile phase 
number

pH of 
buffer

Percentage of acetonitrile 
in mobile phase

1 2.5 70
2 2.5 80
3 2.5 90
4 3.0 70
5 3.0 80
6 3.0 90
7 4.0 70
8 4.0 80
9 4.0 90
10 6.0 70
11 6.0 80
12 6.0 90

Fig. 1: Molecular structure of tetrahydrocannabinol, cannabidiol, and cannabinol
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Fig. 2: Chromatogram produced using phosphate buffer (pH 2.5) and acetonitrile (30:70 v/v); detection wavelength 220 nm;  
flow rate 1 mL/min

Fig. 3: Chromatogram produced using phosphate buffer (pH 3) and acetonitrile (30:70 v/v); detection wavelength 220nm;  
flow rate 1 mL/min

Fig. 5: Chromatogram produced using phosphate buffer (pH 6) and acetonitrile (30:70 v/v); detection wavelength 220 nm;  
flow rate 1 mL/min

Fig. 4: Chromatogram produced using phosphate buffer (pH 4) and acetonitrile (30:70 v/v); detection wavelength 220 nm;  
flow rate 1 mL/min
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Fig. 6: Chromatogram produced using phosphate buffer (pH2.5) and acetonitrile (20:80 v/v); detection wavelength 220nm;  
flow rate 1mL/min

Fig. 7: Chromatogram produced using phosphate buffer (pH 3) and acetonitrile (20:80 v/v); detection wavelength 220nm;  
flow rate 1 mL/min

Fig. 8: Chromatogram produced using phosphate buffer (pH 4) and acetonitrile (20:80 v/v); detection wavelength 220 nm;  
flow rate 1 mL/min

Fig. 9: Chromatogram produced using phosphate buffer (pH 6) and acetonitrile (20:80 v/v); detection wavelength 220 nm;  
flow rate 1 mL/min
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Fig. 10: Chromatogram produced using phosphate buffer (pH 2.5) and acetonitrile (10:90 v/v); detection wavelength 220 nm;  
flow rate 1 mL/min

Fig. 11: Chromatogram produced using phosphate buffer (pH 3) and acetonitrile (10:90 v/v); detection wavelength 220 nm;  
flow rate 1 mL/min

Fig. 12: Chromatogram produced using phosphate buffer (pH 4) and acetonitrile (10:90 v/v); detection wavelength 220 nm;  
flow rate 1 mL/min

Fig. 13: Chromatogram produced using phosphate buffer (pH 6) and acetonitrile (10:90 v/v); detection wavelength 220 nm;  
flow rate 1 mL/min
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Fig. 14: Chromatogram produced using phosphate buffer (pH 2.5) and acetonitrile (20:80 v/v); detection wavelength 220 nm;  
flow rate 1.5 mL/min

Fig. 15: Chromatogram produced using phosphate buffer (pH 2.5) and acetonitrile (20:80 v/v); detection wavelength 220 nm;  
flow rate 2 mL/min

220 nm [39]. CBD and CBN have higher absorptivity than THC at the 
selected wavelength for detection which could be due to a greater 
degree of conjugation within the molecule.

Although affecting the baseline, increasing the pH of the buffer did not 
affect peak size, shape, or order of elution of the cannabinoids, and 
this finding is in agreement with the study conducted by Hazekamp 
et al. [39]. At a pH lower than their pKa, the three cannabinoids were 
present in their protonated form and would have been present in their 
unprotonated form at pHs higher than their pKa. Conversion of analytes 
from a protonated to an unprotonated form will probably cause shifts 
in chromatograms due to changes in the amounts of the two forms. The 
use of a buffer with a higher pH is not usually recommended in RP-HPLC 
analyses as this can result in solubilization of the silica support present 
in the column [15].

When larger volumes of acetonitrile were used, the retention time 
decreased but peak shape was compromised when mobile phases 
containing 90% acetonitrile were used. As larger volumes of organic 
modifier were used, there is less interaction of the three cannabinoids 
with the stationary phase resulting in quick elution, probably due 
to a shift in the partition coefficient which favors the mobile phase 
having larger amounts of acetonitrile. Buffering capacity could have 
been lost at higher percentages of acetonitrile in the mobile phase 
and having a buffer with a stronger concentration might counteract 
this [15].

Increasing the flow rate resulted in a decrease in total retention time 
for the three cannabinoids without a compromise in resolution. Having 
chromatographic methods which are quick are useful when conducting 
high throughput analyses [6]. Although changing the temperature did 
not result in any change in peak size, shape, and retention time, higher 
temperatures were not used so as to maintain the analytical procedure 
relatively energy efficient.

CONCLUSION

A rapid and easy to follow HPLC technique using readily-available 
instrumentation to separate and determine concentrations of THC, 
CBD, and CBN in a mixture of cannabinoids in methanol are described. 
Different amounts of acetonitrile result in differences in retention time, 
peak size, and shape for THC, CBD, and CBN. The best chromatograms in 
terms of peak shape, peak size, baseline characteristics, and retention 
time are given when using 80% acetonitrile with a buffer pH of 2.5 and 
pH 3 at a flow rate of 2 mL/min, detected at a wavelength of 220 nm.

The Expert Committee on Drug Dependence proposed that pure 
CBD preparations should not be scheduled within international drug 
control conventions [40]. This method would be useful to meet the 
recommendations of the United Nations Commission on narcotic 
drugs for rescheduling of cannabis. A simple and rapid technique using 
instrumentation which is available in most laboratories, such as the 
one proposed, can be validated and applied to separate and determine 
cannabinoids such as THC in CBD preparations.
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