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 Evaluation Of Anti Thyroid Activity of Cannabis Sativa Oil Extract 

Against Levothyroxine Induced Hyperthyroidism in Mice 

Dania Abida Nayef Al Sayed 

ABSTRACT 

Lebanese cannabis is well-known for its high quality and recreational value; yet little is 

known regarding its medical use. Hyperthyroidism affects approximately 1%-2% of the 

world population. Limited literature is available on cannabis use on thyroid dysfunction. 

The present study aims to explore the antithyroid potential of Lebanese cannabis oil 

extract (COE) use in mice. Male BALB/c mice weighing between 31 and 35 grams were 

distributed into five groups of 14 mice each; group I served as control and was given a 

mixture of Ethanol: Cremophor: PBS (1:1:18) administered intra peritoneally (i.p.) for 35 

days. To induce hyperthyroidism, group II was given levo- thyroxine (10μg) orally for 35 

days; groups III, IV, and V were given levo- thyroxine (10μg) over 14 days and then 

treated with PTU (0.2mg/kg PO), COE (10mg/kg i.p.), and COE (20mg/kg i.p.), 

respectively over 21 days. The effect of COE on hyperthyroidism was assessed by 

measuring FT3, FT4 and TSH levels in mice blood. Mice liver and thyroid morphology 

was examined, as well. Results show that COE and PTU where equally effective in 

controlling FT3 levels in mice (P-value <0.001), but PTU was more potent than COE dose 

I and dose II in abating FT4 levels. Regarding thyroid and liver morphology, the group 

treated with COE dose II (group V) showed the lowest thyroid weight as compared to 

other treated groups (III, IV). To note, there was no observed difference in the liver 

morphology in any of the treated and control groups. In conclusion, the results assured 

that COE has dose/time dependent effect in lowering FT3 and FT4 thyroid hormones. 

Further studies are required to acknowledge the mechanism of action of COE antithyroid 

effect. 
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CHAPTER ONE: INTRODUCTION 
 

 

1.1. Thyroid Gland 

1.1.1. Overview 

The thyroid is a two-lobed gland in the anterior neck that is made up of tiny follicles that 

sit beneath the thyroid cartilage (“Adam’s apple”).  The synthesis and release of thyroid 

hormones are carried out by the surface-layer cells (epithelium) of the thyroid follicles. 

Thyroxine (T4) and triiodothyronine (T3) are the two primary thyroid hormones (T3). 

T4 and T3 bind reversibly to plasma proteins after being released into the bloodstream. 

Most thyroid hormones in circulation are protein bound, but only the free (unbound) 

fraction is available to tissues, whose cells actively take up the hormone molecules 

(Guyton et al.,1997). 

Thyroid hormones attach to a particular receptor found in the nucleus of most cells. 

Activation of this receptor influences various biological functions, particularly cell 

growth and metabolism, by direct influence on gene transcription and subsequent 

protein synthesis, or through direct effects on the cell or on mitochondria via stimulation 

of cell growth and respiration (Reed & Pangaro, 1995). 

 The hypothalamic-pituitary-thyroid axis regulates thyroid hormone via a negative 

feedback mechanism. Thyrotropin-releasing hormone (TRH), produced in the 

hypothalamus, stimulates the pituitary gland, which produces thyrotropin, also known as 

thyroid-stimulating hormone (TSH). TSH travels to the thyroid gland to increase T4 and 

T3 production and release. When plasma T4 or T3 levels fall, plasma TSH levels rise, 

and vice versa (Lo Presti & Singer, 1997). 

Another type of cell found in the thyroid is parafollicular cells, also known as “C cells,” 

which produce and release the hormone calcitonin. Calcitonin reduces calcium levels in 

the blood (Larsen et al., 2003). 
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1.1.2. Diseases: Classification and Diagnosis and Symptoms 

Thyroid illnesses are numerous and can appear in a variety of ways, with or without 

clinical indications alerting patients to their presence (Dillmann, 2004). The most 

common thyroid issues are hypothyroidism and hyperthyroidism, both of which are 

caused by the gland under- or over-functioning. Both of these are usually brought on by 

autoimmune diseases. 

There are various steps involved in classifying and diagnosing thyroid illness. These 

include assessing a patient for the presence of the following: (1) clinical symptoms (e.g., 

weakness, cold intolerance, headache, slow speech); (2) physical findings (e.g., thinning 

hair and nails, tachycardia, bradycardia, peripheral edema, weight loss or gain); (3) 

blood chemistry (levels of circulating thyroid hormone, TSH, thyroid antibodies); and 

(4) presence of visible or palpable irregularities on the thyroid gland itself (Jameson & 

Weetman, 2010). 

 

Hypothyroidism 

This is characterized as a clinical syndrome caused by a thyroid hormone deficit. Cold 

intolerance, tiredness, weight gain, and muscle aches are common clinical signs. 

Physical symptoms may include bradycardia, thinning hair, skin, and nails, tongue 

thickening, puffiness of the face, eyelids, or peripheral edema, and pallor. The most 

common cause of spontaneous hypothyroidism is Hashimoto’s disease (Dillmann et al., 

2004). 

Hyperthyroidism 

In a study by Bursuk et al., hyperthyroidism is a clinical syndrome caused by an excess 

of thyroid hormone. Heat intolerance, irritability, sleeplessness, and exhaustion are 

common clinical complaints. Hair loss, palpitations, ophthalmopathy, tremor, and 

diarrhea are all possible physical manifestations. The most common cause of 

hyperthyroidism is Graves’ disease. 
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1.1.3. Conventional Medical Treatment of Thyroid Diseases 

Conventional medical therapies for autoimmune (Graves’ disease) and non-autoimmune 

(TNG) hyperthyroid disorders include antithyroid medications, radioactive iodine 

therapy, and surgery. 

Methimazole (Tapazole®, King Pharmaceuticals, Bristol, TN) and propylthiouracil are 

both thioureylene compounds that are currently approved ant hyperthyroid medicines in 

the United States (PTU) (HM Kronenberg et al., 2003). Both medications disrupt thyroid 

hormone production by interfering with the incorporation of iodine into thyroglobulin. 

Long-term treatment with these medications can sometimes result in disease remission 

(Singer PA, Cooper DS, Levy EG, et al., 2006). 

The most prevalent treatment for hyperthyroidism in the United States is radioactive 

iodine therapy with iodine 131. Radioactive iodine therapy usually renders the thyroid 

gland inoperable, necessitating post-treatment supplementation with exogenous thyroid 

hormone (levothyroxine, aka T4 or L-thyroxine). Armour thyroid, a commercial 

pharmaceutical medication made from pig thyroid glands, could be used alternatively as 

a thyroid replacement. 

Thyroidectomy is reserved for patients who are contraindicated to antithyroid 

medications and radioactive iodine therapy, have a concomitant cancer suspicion, or 

have large, swollen thyroids that cause physical discomfort. Following surgery, some 

sort of pharmaceutical thyroid hormone must be supplemented. 

Antihyperthyroid drug treatment is not recommended for subacute thyroiditis with 

transient hyperthyroidism because antihyperthyroid drugs do not reduce the leakage of 

stored thyroid hormone. Other medications may be prescribed to these patients to treat 

simply the secondary symptoms of hyperthyroidism (such as sedatives for insomnia and 

beta-blockers for palpitations or tachycardia). 
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1.1.4. Thyroid Hormones & Receptors 

Thyroxine (T4) and triiodothyronine (T3) are the two thyroid hormones that are 

biologically active. T4 accounts for more than 80% of circulating thyroid hormones. 

Following thyroid gland secretion, approximately 70% of circulating T4 and T3 are 

bound to thyroid-binding globulin (TBG), whereas 10% to 20% are bound to 

transthyretin (TTR) and albumin, respectively. Less than 0.1 percent is available as free 

T4 (FT4) or free T3 (FT3). Diffusion allows FT4 and FT3 to freely enter and exit cells. 

Only free hormones are physiologically active, but the bound and free fractions are in 

balance. Equilibrium with TTR and albumin occurs quickly. TBG, on the other hand, 

binds thyroid hormones very firmly and the equilibrium dissociation is gradual. 

TBG-bound thyroid hormone acts as a hormone reservoir, while T4 acts as a 

prohormone for T3. Within cells, T4 is either transformed to T3, which is approximately 

5 times more effective than T4, or reverse T3, which is physiologically inactive. T3, and 

to a lesser extent T4, eventually attach to the nuclear thyroid hormone receptor, affecting 

gene expression patterns in a tissue-specific manner. 

Under normal physiologic conditions, FT4 and FT3 provide direct and indirect negative 

feedback on pituitary thyrotropin (TSH), the main hormone that regulates thyroid gland 

activity. As a result, thyroid hormone production is tightly regulated, and FT4 and FT3 

levels remain consistent regardless of binding protein concentration. Testing of FT4 and 

FT3, in conjunction with TSH measurement, is thus the most accurate way for 

determining thyroid function status. It also enables for the identification of whether 

hyperthyroidism (high FT4) or hypothyroidism (low FT4) is primary (the majority of 

cases, TSH changes in the opposite direction as FT4) or secondary/tertiary 

(hypothalamic/pituitary origin, TSH changes in the same direction as FT4). 

Total T4 and T3 levels, on the other hand, might vary greatly in response to variations in 

binding protein levels, with no change in free thyroid hormone levels and, thus, real 

thyroid function status (MayoClinic et al., 2022). 

FT4 levels are typically tested using automated analog immunoassays. In most cases, 

this will yield correct findings. However, aberrant binding protein types or quantities 

present in some patients, most typically associated with other illnesses or 

pharmacological therapies, may interfere with the correct determination of FT4 using 



 

 

5 

 

analog immunoassays. These issues can be overcomed by detecting FT4 using 

equilibrium dialysis, which is devoid of interfering proteins (Stockigt JR et al., 2001). 

Thyroid hormone is produced by the thyroid gland, which is made up of follicles that 

synthesis thyroid hormone by iodinating tyrosine residues in the glycoprotein 

thyroglobulin (Zimmermann MB. et al., 2009; Rubio IG et al., 2009). Thyroid hormone 

regulates a wide range of genes following its conversion from the prohormone thyroxine 

(T4) to the active form triiodothyronine (T3) (Gereben B, et al., 2008). Because of the 

expression of cell and tissue-specific thyroid hormone transporters, various thyroid 

hormone receptor (TR) isoforms, and interactions with corepressors and coactivators, 

the signaling pathway is complicated and highly regulated (Cheng SY. et al., 2010). 

Furthermore, thyroid signals frequently interact with a variety of other signaling 

pathways (Bernal J. et al., 2007; Liu YY. et al., 2010). Thyroid stimulating hormone 

(TSH), which is released by the anterior pituitary in response to feedback from 

circulating thyroid hormone, acts directly on the TSH receptor (TSH-R) expressed on 

the basolateral membrane of thyroid follicular cells (Chiamolera MI. et al., 2009). TSH 

controls iodide uptake via the sodium/iodide symporter, which is followed by a number 

of actions required for optimal thyroid hormone synthesis and secretion (Brent GA. et 

al., 2010). Thyroid hormone is required for appropriate mammalian development, 

growth, brain differentiation, and metabolic regulation (Cheng SY. et al., 2010; 

Williams GR. et al., 2008; Tata JR. et al., 2012) as well as amphibian metamorphosis 

(Furlow JD. et al., 2006). These activities are most visible during development in 

circumstances of thyroid hormone shortage, such as maternal iodine deficiency or 

untreated congenital hypothyroidism, presenting as significant cognitive impairments 

and growth retardation (Zimmermann MB. et al., 2009). When ligand shortage arises in 

adults, more modest and reversible abnormalities appear (Brent GA. et al., 2012). 

TRα  and TRβ are two TR genes with distinct expression patterns in development and 

adult tissues (Cheng SY. et al., 2010). TRα has one T3-binding splice product, TRα1, 

which is mostly expressed in the brain, heart, and skeletal muscle, and two non–T3-

binding splice products, TRα2 and TRα3, as well as various truncated variants. TRβ has 

three primary T3-binding splice products: TRβ1 is extensively distributed; TRβ2 is 
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primarily expressed in the brain, retina, and inner ear; and TRβ3 is expressed in the 

kidney, liver, and lung (Cheng SY. et al., 2010). 

Human genetics, animal models, and the use of selective pharmacologic agonists have 

all contributed to a better understanding of the role and specificity of the two primary 

isoforms (Cheng SY. et al., 2010;  Webb P. et al., 2010). Local ligand availability 

(Gereben B. et al., 2008; Bianco et al., 2002); transport of thyroid hormone into the cell 

by monocarboxylate transporter 8 (MCT8) or other related transporters (Visser WE. Et 

al., 2011); relative expression and distribution of TR isoforms (Oetting A. et al., 2007) 

and nuclear receptor corepressors and coactivators (Astapova I. et al., 2008); and, 

finally, the sequence and location of the thyroid hormone response element (Shibusawa 

N. et al., 2003) influence the selective actions of thyroid hormone receptors. 

Furthermore, nongenomic thyroid hormone activities, or those that do not involve direct 

transcriptional regulation by TR, are becoming more widely known (Davis PJ. Et al., 

2010). Membrane receptors, which include specific integrin v/3 receptors, have been 

discovered (Bergh JJ et al., 2005) and found to mediate effects in a variety of places, 

including blood vessels and the heart. Several studies have found that TR has direct 

effects on signal transduction systems, which may be especially important in cell 

proliferation and malignancy. 

The large number of genes whose expression is altered by thyroid hormone status makes 

investigating the effect of thyroid hormone activity a difficult task (Yen PM. Et al., 

2003). Many of thyroid hormone's activities are the result of its potentiation or 

augmentation of other signal transduction pathways. This involves adrenergic signaling 

potentiation (Liu YY et al., 2007; Silva JE et al., 2011; Ribeiro MO. Et al., 2001; 

Ribeiro MO. et al., 2010) as well as direct interaction with metabolic-sensing nuclear 

receptors (30–32). In neural differentiation, TR interacts with chicken ovalbumin 

upstream transcription factor 1 (COUP-TF1) and retinoic acid receptor (RAR), resulting 

in similar direct receptor-to-receptor interactions and competition for overlapping DNA 

response regions (Williams GR. et al., 2008; Oppenheimer JH. et al., 1997). 
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1.2. Eltroxin® 100μg Tablet 

1.2.1. Generic Name and Pharmacological properties 

Levo-thyroxine sodium 

1.2.2. What Eltroxin® 100μg Tablets are and what they are used for? 

Thyroxine is a hormone that the thyroid gland produces naturally in the body. This 

hormone is synthesized in the form of levothyroxine. Thyroxine regulates how much 

energy the body consumes. Many of the body’s activities slow down when the thyroid 

gland does not produce enough thyroxine (a condition known as hypothyroidism). 

Eltroxin® 100μg tablets are used to avoid hypothyroidism symptoms by replacing the 

thyroxine that your thyroid gland cannot make (Goodman and Gilman, 1985). 

1.2.3. Possible Side Effects 

Some of the most common symptoms of hypothyroidism caused after Eltroxin® 100μg 

Tablets are tiredness/ muscle weakness, weight gain, anxiety, very high temperature; 

fast heart rate; irregular heartbeat; low blood pressure and heart failure (Goodman and 

Gilman, 1985). 

1.2.4. Method of Administration  

This medicine should be taken orally exactly as the doctor or pharmacist prescribed it 

depending on the results of the blood tests.  

1.2.5. Contents of the pack and other information  

 The active ingredient is sodium anhydrous levothyroxine. 

Each tablet contains 100 micrograms of Anhydrous Levothyroxine Sodium.  

Sodium citrate, Lactose monohydrate, Maize Starch, Acacia Powder, and Magnesium 

Stearate are the other constituents. 

Eltroxin are available in in polypropylene containers  
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Marketing Authorization Holder:  

Eltroxin 100mcg PA 1142/028/002 

Amdipharm Limited 

Temple Chambers – 3, Burlington Road Dublin 4, Ireland  

1.2.6. Eltroxin® 100μg Tablets induced hyperthyroidism in the experimental mice 

The induced hyperthyroidism group with Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg is given by an oral gavage rubber tube. 

 

1.3. Propylex® 50mg Standard Drug 

1.3.1. Generic Name and Pharmacological properties 

Propylthiouracil 

 Pharmacodynamic properties: Propylthiouracil is an antithyroid medication that 

inhibits thyroid hormone production. This is accomplished by interfering with both the 

incorporation of iodine into tyrosyl residues and their coupling to create iodothyronines. 

Propylthiouracil accomplishes these effects by inhibiting the enzyme peroxidase. 

Because all the produced hormones must be used up before circulatory concentrations 

decline, its effects are only visible after a latent period of up to 3 or 4 weeks (Benavides 

et al., 2012; El Baba and Azar, 2012; Mestman, 1997; Neale and Burrow, 2004).  

Pharmacokinetic properties: Propylthiouracil is rapidly absorbed from the gut, with 

average peak blood levels occurring around one hour after an oral dose is administered. 

Due to inadequate absorption or quick first pass metabolism by the liver, half to three 

quarters of the oral dose is accessible. Most of it is eliminated in the urine as the 

glucuronic acid conjugate. The plasma half-life is 1-3 hours, the volume of distribution 

is around 30l, and plasma protein binding accounts for roughly 80% of the total. PTU 

penetrates the placenta and is released in breast milk, accounting for approximately 10% 

of the serum levels (Chattaway and Klepser, 2007).  
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1.3.2. What Propylex® 50mg Tablets are and what they are used for  

To treat hyperthyroidism. 

1.3.3. Possible Side Effects 

Gastrointestinal: Nausea and vomiting, gastrointestinal disturbances, taste perversion.  

General: Fever 

Musculoskeletal: Myopathy, and arthralgia. 

Nervous system: Headache. 

Skin: Mild papular skin rashes. 

1.3.4. Method of Administration  

This medicine should be taken orally exactly as the doctor or pharmacist prescribed it 

depending on the results of the blood tests.  

1.3.5. Contents of the Pack and Other Information  

Each tablet contains 50mg of PTU and lactose, starch maize, pregelatinised starch 

maize, magnesium stearate and sodium starch glycollate as excipients. 

Marketing authorisation holder, Wockhardt UK Ltd, Ash Road North, Wrexham, LL13 

9UF, U.K. 

1.3.6. Propylex® 50mg As Standard Drug in Thyroid Gland Management in the 

Experimental Mice 

The induced hyperthyroidism group is treated with Propylex® 50mg with an oral dose 

of PTU 0.2mg is given by an oral gavage rubber tube and used as a reference standard 

drug to regulate the thyroid gland hormones and compare the effect of COE. 
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1.4. Alternative Medicine: Life’s Generosity 

1.4.1. Natural Treatment Options 

Natural items are extremely important in people’s lives. To treat various disorders, 

humans have employed many natural chemicals and therapies derived from plants and 

animals as medicine. According to some examined fossil records, the usage of plants as 

medicine by humans’ dates back sixty thousand years (Yuan et al., 2017). 

The terminology “alt med” refers to a broad range of medical practices and systems 

from civilizations all over the world. People in nations such as the United States use it to 

describe techniques that are not part of mainstream medicine (Goldberg A et. al., 2000). 

The word “naturopathic remedies” refers to any method of medicine or therapy that is 

not designated standard medical practic (Blumenthal M et. al., 2000). It refers to 

techniques of medicine that are not widely accepted or practiced by medical 

practitioners in the United States, particularly those that lack as much scientific evidence 

to back them as more mainstream ways. 

Some forms of alternative medicine have been practiced for hundreds, if not thousands, 

of years. Others are rather new. Something that begins as a “alternative” treatment can 

sometimes become a standard treatment due to sufficient proof that it works and poses 

no safety hazards (Brinckmann J et. al., 2000). 

Is complementary medicine just like alternative medicine? 

Many individuals interchangeably use phrases like alternative medicine, integrative 

medicine, and complementary medicine. However, each phrase refers to a distinct 

concept: 

Alternative medicine refers to medical systems or practices that serve as a substitute for 

conventional treatment. An example of this would be someone who uses energy healing 

to cure an illness rather than traditional procedures. 

Complementary medicine: This term refers to nontraditional medical approaches that are 

used in addition to or instead of standard treatment. A migraine sufferer, for example, 

may take conventional pain relievers as well as attend biofeedback sessions. 

Integrative medicine is a medical approach that integrates conventional and non-

traditional methods in a coordinated, evidence-based manner. 
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1.4.2. Standard Vs. Alternative Medicine 

Many people argue that traditional medicine is superior to alternative medicine. When 

comparing them, keep the following points in mind: 

Scientific Evidence 

One of the significant advantages of standard medical care is that it is subjected to 

extensive investigation. Scientists can evaluate whether certain techniques, drugs, and 

treatment regimens are useful and safe through clinical trials and investigations 

(Blumenthal M et. al., 1998). 

Many scientists utilize these tools to investigate alternative medicine as well. However, 

data is not always as plentiful or reliable. Some alternative medicine practices, such as 

homeopathy, have very little scientific evidence to back them up (Gruenwald J & Hall T 

et. al., 1998). 

There are some exceptions to this rule. Scientists have thoroughly examined some types 

of alternative therapy, allowing doctors to confidently offer them to patients. Yoga and 

meditation, as well as acupuncture, are examples of this. Acupuncture is recommended 

as a first-line treatment for lower back pain by the American College of Physicians. 

 

Ingredients 

Some people believe that alternative medicine is superior to traditional medicine 

because it frequently focuses on natural substances, which they believe are safer, 

gentler, or more suited to the human body than manufactured pharmaceuticals. Natural 

medications, like conventional drugs, can induce side effects, drug interactions, and 

toxicity if used incorrectly. Some natural goods may also contain potentially dangerous 

ingredients that are not specified on the label. Some Ayurvedic products, for example, 

include naturally occurring poisons such as mercury or lead. Even when natural goods 

are safe, firms may find it more challenging to maintain consistent levels of potency and 

purity. Third-party testing can help to mitigate this issue, however not all businesses use 

it (Blumenthal M & Busse WR et. al., 1998). 
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Accessibility 

For some, traditional medicine is more difficult to obtain than alternative treatments 

offered in their communities. Alternative medicine may be: In relation to the United 

States’ healthcare system, alternative medicine may be: 

Less Expensive 

more familiar or simpler to grasp more congruent with a person’s beliefs or culture 

closer to where a person lives easier to practice alone 

These are significant characteristics that can increase the attraction of alternative 

medicine. People who have had bad experiences with healthcare may also want to look 

for alternatives. 

1.4.3. Herbal Treatment of Thyroid Disorders: Western Herbal Traditions 

In the Western herbal tradition, there are few herbs that are expressly prescribed for 

thyroid illness. There is little to no data on the effectiveness of these in humans. There 

are no herbs expressly prescribed for the treatment of physical thyroid abnormalities or 

thyroid cancer per se; rather, herbs believed to impact the thyroid in Western alternative 

and complementary medicine target symptoms of either hypothyroidism or 

hyperthyroidism alone (Brinker F. 1990). 

Hypothyroidism 

Many herbalists advocate kelp (Laminaria spp., Laminariaceae) for the treatment of 

hypothyroidism or thyroid nodules. Kelp is high in iodine, which is required to produce 

thyroid hormone. Historically, iodine shortage was the most prevalent cause of thyroid 

swelling (commonly known as “goiter”); however, while iodine insufficiency can induce 

hypothyroidism, goiter, or physical anomalies of the gland, it is uncommon in affluent 

countries. In the United States, autoimmune illness, rather than iodine deficiency, is the 

leading cause of hypothyroidism (Chen Y & Qiu L et. al., 2004). 

While iodine is one of the oldest known treatments for thyroid diseases, iodine 

supplements and seaweed products should be used with caution and under medical 

supervision in all patients with thyroid disorders, because the effects of iodine 

supplementation on thyroid function are unpredictable and change over time. Excess 
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iodine can cause hyperthyroidism in some patients who appear to have normal thyroid 

function; however, the normal physiologic response to an acute increase in plasma 

iodine load is temporary hypothyroidism (an adaptive response to prevent dangerous 

fluctuations in thyroid levels known as the “Wolff-Chaikoff effect”). Supplemental 

iodine may temporarily suppress, but eventually boost, thyroid hormone synthesis in 

hyperthyroid patients. Recent Chinese research of 3018 people found that too much 

iodine can cause hypothyroidism and autoimmune thyroiditis. At least one case of 

iodine-induced hyperthyroidism has been attributed to improper usage of a kelp-

containing supplement (Zhang CY, Zhang SS et. al., 2004). 

 

Hyperthyroidism 

Four herbs are often recommended for treating hyperthyroidism by Western herbalists, 

other practitioners of complementary and alternative medicine, and naturopathic medical 

textbooks. Three herbs appear to have thyroid hormone effects: lemon balm (Melissa 

officinalis, Lamiaceae), bugleweed (Lycopus virginicus, Lamiaceae), and gromwell 

(Lithospermum officinale, Boraginaceae); and one appears to reduce secondary 

hyperthyroidism symptoms (heart palpitations and tachycardia), motherwort (Leonurus 

cardiaca, Lamiaceae) (Brendler T, Gruenwald G, Kligler B, et al., 2005). 

The German Commission E has approved the use of lemon balm internally for nervous 

sleeping difficulties and gastrointestinal complaints. A comprehensive assessment of 

published studies undertaken by the Natural Standard Research Collaboration in 2005 

indicated that, while there have been no major ill effects documented with the herb’s 

use, there is inadequate evidence for the use of lemon balm in treating Graves’ disease 

or cancer. Freeze-dried extracts of lemon balm, on the other hand, have been found to 

exhibit antithyroid action in vitro by binding to TSH and blocking binding to its 

receptor, hence preventing future thyroid hormone production and release. Similarly, 

lemon balm has been demonstrated in vitro to interact with and block autoantibody 

binding to the TSH receptor, implying that the plant may be useful in Graves’ illness. 

TSH-stimulated cyclic adenosine monophosphate (cAMP, an enzyme activator) 

synthesis could be the mechanism of action. Another in vitro investigation found that 

lemon balm aqueous extract reduced the peripheral conversion of T4 to T3. There have 
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been no human trials to test the efficacy of lemon balm for hyperthyroidism (Brendler T, 

Gruenwald G, Kligler B, et al., 2005). 

In vitro, bugleweed has also been demonstrated to bind with TSH and TSH-like 

immunoglobulins, blocking them from attaching to the receptor. Similarly, an aqueous 

extract of bugleweed inhibited the enzymatic mechanism that converts peripheral T4 to 

T3 in vitro. Aqueous bugleweed extracts appear to inhibit thyroid hormone production 

in rats, possibly by inhibiting TSH. Although no human trials have shown that 

bugleweed is effective for hyperthyroidism, the German Commission E approves the 

internal use of the fresh or dried above-ground parts for mild thyroid hyperfunction, 

noting that in rare cases, with extended therapy and high doses, sudden thyroid 

enlargement can occur. The Commission E also warns against abruptly ceasing the use 

of bugleweed (Santini F, Vitti P, Ceccarini G, et al., 2003). 

 In vitro, freeze-dried, and aqueous extracts of gromwell, like those of lemon balm and 

bugleweed, displayed TSH-binding and hormone conversion-preventing properties. 

Another study found that gromwell injections reduced TSH, T4, and T3 levels in rats. 

Aqueous gromwell extract has been found in rats to block TSH and decrease T4 to T3 

conversion Aufmkolk M, Kohrle J, Gumbinger H, et al., 1984). 

Motherwort has long been used as a heart tonic and uterine stimulant. The plant has 

shown unfavorable chronotropic effects in vitro. There has been no comprehensive 

human research on motherwort. The German Commission E has approved it for nervous 

cardiac diseases and as an adjuvant for thyroid hyperfunction. 

Some popular plant meals contain chemicals that can inhibit iodine use and, as a result, 

have an impact on thyroid hormone activity. They include, most notably, members of 

the Brassicaceae family: cabbage (Brassica oleracea), turnips (B. rapa), and rutabagas 

(B. napobrassica); soybeans, peanuts, pine nuts, and millet have also been shown to 

interfere with thyroid iodine uptake. While these foods must be ingested uncooked and 

in high quantities to have an antithyroid impact, this may be clinically significant in 

some rare circumstances (Zhu XN, Cao JH et. al., 2005). 
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1.4.4. Herbal Treatment of Thyroid Disorders: Eastern Herbal Traditions 

Ayurvedic Medicine 

The fruit of amla has been examined in animals for its effects on the thyroid in 

traditional Ayurvedic medicine (Emblica officinalis, Phyllanthaceae, syn. Phyllanthus 

emblica). Amla extract lowered T3 and T4 concentrations in hyperthyroid mice more 

effectively than the prescription antithyroid medication propylthiouracil (PTU). There 

have been no human research on the fruit’s effect (Ou XM, 2005). 

 

Chinese Medicine 

Chinese herbal treatments are generally administered in the form of mixtures rather than 

single herbs. Some traditional combinations are well-known for their usage in thyroid 

problems and may be available as supplements: for example, Jia Kang Wan and Pingyin 

Fufang. In addition to other herbs, both of these formulas contain kelp, brown seaweed 

(Sargassum spp., Sargassaceae), Chinese yam (Dioscorea oppositifolia, Dioscoreaceae), 

fritillary (Fritillaria spp., Liliaceae), Prunella (Prunella vulgaris, Lamiaceae), 

scrophularia (Scrophularia ningpoen Both formulae also contain oyster shell, a popular 

element in TCM thyroid remedies, as marine materials with a high mineral 

concentration are thought to soften and eliminate masses in this modality (Harput US, 

Saracoglu I et. al., 2006). 

Thunberg fritillary bulb, also known as zhebeimu, was discovered as a component in 

formulations analyzed in two of the Cochrane review’s 13 studies. 

The first was a parallel group, unblinded trial of 368 instances of hyperthyroidism 

characterized by precise threshold levels of plasma thyroid function testing, which was 

conducted in 2003. One ampoule of the herbal formula Erdong Tang with Xiaoluwan 

Jiawei was decocted with water and consumed orally in the morning and evening, and it 

was compared to a control group that took either propylthiouracil (PTU) or 

methimazole. Symptom alleviation, plasma thyroid hormone levels for 1 year after 

ceasing the herbal formula or medications, and recurrence rates were among the 

outcomes. While the study found that the herbal treatment improved symptom relief, 

plasma hormone levels, and relapse rates more than the control group, the Cochrane 



 

 

16 

 

reviewers point out potential conflicts of interest in the study (Qiu WY & Gu XW et. al., 

2003). 

 

The second trial, which included fritillary, was also of parallel design and unblinded. It 

looked at 62 cases with hyperthyroidism with sweating, dysphoria, palpitations, and 

emaciation. The interventions compared were the herbal formula Jiakangxiao (which 

contains fritillary bulb) with methimazole or PTU treatment, versus methimazole or 

PTU treatment alone. Symptom relief, measurement of plasma thyroid hormones after 

50 days of treatment, and relapse rates after a year were among the outcomes studied. 

The study demonstrated statistically significant improvement in the treatment group 

against the control group in all outcomes, although the Cochrane reviewers point out 

potential conflicts of interest in the trial (Ding Y & Zhang CX et. al., 1999). 

 

1.5. Cannabis Sativa  

1.5.1. Introduction to Cannabis sativa L. ssp. Indica 

Cannabis sativa is an annual herbaceous flowering plant native to Eastern Asia that has 

spread globally due to widespread cultivation. Throughout recorded history, it has been 

produced and used as a source of industrial fiber, seed oil, nourishment, recreation, 

religious and spiritual moods, and medicine (McDonald and Gough, 1984).  

 Depending on the purpose of its use, each portion of the plant is picked differently. Carl 

Linnaeus classified the species for the first time in 1753. The word sativa implies 

"cultivated stuff." (Bonini et al., 2018; Hartsel et al., 2016).  

1.5.2. Cannabis Plant in Medicinal History  

Cannabis has a long history dating back to the ancient world, with its therapeutic use 

dating back roughly 5000 years. The Chinese Emperor Shen Nung extolled the benefits 

of cannabis in the 28th century B.C. as having curative qualities for ailments such as 

rheumatism, gout, and malaria (Bridgeman & Abazia, 2017; Wilkie et al., 2016). 

Furthermore, Chinese medics employed cannabis seeds, notably C. sativa, for their high 

-linoleic acid content. The seeds were used topically to treat eczema and psoriasis, as 
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well as orally to treat inflammatory illnesses (Bonini et al., 2018). Cannabis was mostly 

used for medical purposes in India from the beginning of the Christian era until the 18th 

century, when it moved to the Middle East and Africa. In the year 1000 A.D., numerous 

notable physicians, including Avicena, addressed cannabis in their medicinal 

compendiums (Nahas, 1982; Zuardi, 2006). Furthermore, evidence of cannabis use 

reaching back 3000 years has been discovered on Assyrian clay tablets and the Egyptian 

Ebers Papyrus. Cannabis usage was also attested in ancient Greece and the Roman 

Empire. Pliny the Elder, a Roman historian, mentioned the use of C. sativa roots for pain 

relief, while Pedacius Dioscorides, author of The Materia medica, a Greek physician, 

included C. sativa in his taxonomy of medicinal plants and highlighted its virtues 

(Bonini et al., 2018; Lozano, 2001). 

In the nineteenth century, British surgeon W.B.O'Shaughnessy brought C. sativa to 

Western medicine as an anti-inflammatory, anti-convulsant, analgesic, and anti-emetic 

(Bonini et al., 2018; Wilkie et al., 2016). Jacques- Joseph Moreau, a French psychiatrist, 

discovered that cannabis relieved headaches, assisted with insomnia, and increased 

hunger around the same period. Many of these discoveries aided in the inclusion of 

cannabis in the US Pharmacopeia in 1850. (Wilkie et al., 2016). Many problems 

surrounded the use of cannabis in the twentieth century, primarily due to its psychotropic 

properties, and it was prohibited in many nations, including the United Kingdom and the 

United States (Bonini et al., 2018). Cannabis research is currently progressing, and 

evidence of its therapeutic benefits is changing how it is ingested, utilized, and perceived 

by both patients and health care practitioners. 

Medical Cannabis (MC) was first utilized therapeutically in Arab medicine in the 9th 

century to treat ear disorders. Later, eminent Arabic physicians found further therapeutic 

benefits for MC (Lozano I. 2001). Ibn al-Baytar discovered that MC had anti-parasitic 

properties, Al-Razi indicated that MC can be used to treat skin illnesses, and Avicenna 

used MC to treat joint diseases, ophthalmitis, edema, and wounds. Cannabis products were 

also prescribed for their diuretic, anti-epileptic, and anti-anxiety properties. However, the 

twentieth century saw the demise of this plant, followed by international prohibition as a 
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result of the introduction of new effective drugs and the proliferation of marijuana for 

recreational use (Pisanti S. et al., 2017). 

During the French mandate, Lebanon, an Arabic country, had an explicit prohibition 

policy on all illicit narcotics in 1926. Regardless, the marijuana market expanded 

significantly as a result of the civil conflict between 1975 and 1990 (Nadeen Hilal et al., 

2018). In 1998, the Lebanese government passed the Narcotic Law, which prohibited the 

cultivation, manufacturing, and use of any illegal drug, including cannabis in all forms 

(Law No. 673 of 1998 on Narcotics, 1999). Despite being illegal, cannabis was openly 

grown in Lebanon on an estimated 400 000 hectares, primarily in the Bekaa region, with 

over 20 000 households engaging in this illegal sector (Afsahi K. et al., 2016).  

Lebanese farmers benefited from the Syrian conflict as well, increasing their marijuana 

output by taking advantage of open borders and a lack of official oversight (Ghiabi M. et 

al., 2018). Lebanon, which is well-known around the world for its high-quality cannabis, 

was named the world's third largest exporter of cannabis resin by the United Nations 

Office on Drugs and Crime (UNODC) in 2019 (World Drug Report 2019). Marijuana was 

also the most commonly used substance after alcohol (12.3 percent), with a high 

availability among young. On October 17, 2019, the Cannabis Cultivation Subcommittee 

presented a draft bill regarding cannabis legalization (Draft law 2019). The major goals 

were to let the government to have more control over the cannabis business by confining 

its use to medical and industrial objectives. Furthermore, it aimed to ensure sustainable 

development and to lessen the pressure on the criminal justice system. Other 

considerations included safeguarding public health, guaranteeing safety by enforcing 

stringent regulations, and raising awareness about the health risks associated with illegal 

cannabis usage. The draft bill for cannabis legalization was adopted by the Lebanese 

parliament on April 21, 2020, amidst an economic crisis and a Coronavirus outbreak. As 

a result, Lebanon became the first Arabic country to authorize cannabis cultivation for 

medical and industrial purposes. Surprisingly, cannabis consumption was not addressed 

in the new law, therefore all cannabis-related activities, except growing, remain illegal. It 

should be noted that production was only permitted for export and research purposes, with 

no decriminalization of local medicinal consumption. Figure 1 highlights important events 
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in Lebanon's cannabis history. Although evidence for medical cannabis applications is 

growing, its use has been fraught with medical, ethical, and social issues since its 

legalization.  

 

 

        Figure 1. Timeline History of Lebanese Cannabis Sativa. 

 
UNODC: United Nations Office on Drug and Crimes 

 

 

 

 

1.5.3. Cannabis Plant Composition  

Cannabis, a fragrant annual herb plant of the Cannabaceae family, has been investigated 

for its therapeutic effects since antiquity. Cannabis plants are classified into three types: 

C. sativa, C. indica, and C. ruderalis. The three species differ in height and content (Bonini 

et al., 2018; Hartsel et al., 2016). C. sativa L.ssp. sativa, C. sativa L.ssp. indica (Lam.), 

and a dominant hybrid strain are the main strains grown in Lebanon. A phytochemical 

examination of the cannabis plant revealed a high concentration of terpenes, phenolic 

chemicals, and cannabinoids (McDonald and Gough, 1984). 
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1.5.3.1. Biology of the Plant 

C. sativa is typically dioecious, with stems that can grow to be 5 m long and green, palmate 

leaves with five to seven leaflets. Male and female plants have minor morphological 

distinctions that allow them to be distinguished. Furthermore, the cannabis plant is 

abundant in trichomes, which are tiny glandular bulges that cover the plant's leaves, stems, 

and bracts and contain secondary metabolites such as phytocannabinoids and terpenoids. 

Phytocannabinoids play a role in plant defense systems, but terpenoids are mostly 

responsible for the plant's odor. During the pre-flowering stage, cannabis constantly 

creates new leaves, branches, and nodes. The appearance and composition of plants differ 

based on the climatic conditions and geographical region (Bonini et al., 2018; Farag & 

Kayser, 2017). 

1.5.3.2. Chemical Composition 

 

     Phyto cannabinoids 

Extreme environmental circumstances have an impact on phytocannabinoid content (ie, 

humidity, radiation, temperature, parasites, and soil nutrients). More than 100 

phytocannabinoids have been found to far, all of which have a similar chemical structure 

made of a lipid structure with alkylresorcinol and monoterpene moieties. 

Phytocannabinoids are predominantly found in the resin released by the female plant's 

trichome. Cannabinoids are produced and stored as acids (with a carboxyl group) before 

being decarboxylated into the recognized neutral forms (Bonini et al., 2018). The most 

abundant and well-studied plant cannabinoids are 9-tetrahydrocannabinol (THC) and 

cannabidiol (CBD). Other cannabinoids, such as cannabinol (CBN), a THC breakdown 

product, cannabichromene (CBC), and cannabigerol, are present to a lower level; 

nonetheless, they have recently gained increasing attention (CBG). THC, and to a lesser 

extent CBN, are the principal psychotropic components of the cannabis plant. CBD, CBG, 

and CBC have no psychoactive properties (Javid et al., 2016). Cannabicyclol (CBL) is 

produced during the storage of Cannabis sativa in the presence of light, although its 

biological characteristics remain unclear (Bonini et al., 2018). 

 



 

 

21 

 

     Terpenoids 

Terpenoids are chemical molecules that are primarily responsible for the scent of the 

cannabis plant. They also serve as protections against a variety of predators, working in 

tandem with phytocannabinoid acids to provide a synergistic mechano-chemical 

defensive approach. Over 200 terpenoids have been found, accounting for up to 10% of 

the trichome content in leaves and flowers. Pinene, limonene, and myrcene are the most 

abundant of these chemicals. Terpenoids have a variety of pharmacological effects, 

including anti-inflammatory, analgesic, anti-nociceptive, anti-platelet, and sedative 

properties (Bonini et al., 2018; Tomko et al., 2020). 

 

1.5.4. Lebanese Cannabis Strain 

Cannabis growing has been documented in Lebanon since Roman times. An carved 

cannabis leaf was discovered on the ruins of an ancient Roman temple in Baalbek 

(Shebaby et al., 2021). For decades, the plant was illegally produced in the Beqaa valley. 

The Lebanese Parliament enacted a measure legalizing cannabis growth for medical and 

industrial purposes in April 2020. This decision makes Lebanon the first Arab country to 

legalize cannabis cultivation, and it is viewed as a stimulus to the economy (Lebanese 

Official Gazette; issue 23; 2020). 

1.5.5. The Endocannabinoid System 

Several studies have indicated that many of the recognized pharmacological actions of 

cannabinoids are mediated by two types of cannabinoid receptors: CB1 receptors, which 

were discovered in 1988 and subsequently cloned in 1990; and CB2 receptors, which were 

discovered in 1993. The two receptors engage similar transduction 2 mechanisms, such 

as adenylate cyclase inhibition and N-type Ca -channels. The CB1 receptor is found both 

in the brain (where it is responsible for the relaxing and well-being effects of cannabis, as 

well as improved visual and auditory perception, analgesia, decrease of motor activity, 

and catalepsy) and in the peripheral nervous system. 

CB1 receptors are found presynaptically or prejunctionally in the peripheral nervous 

system, and their activation can decrease neurotransmitter release. The chief indications 

of peripheral autonomic stimulation generated by Cannabis are hunger stimulation, 
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vasodilatation (especially on the scleral and conjunctival vessels, providing a distinctive 

bloodshot appearance), tachycardia, and inhibition of intestinal motility. 

So far, the CB2 receptor has only been discovered outside of the central nervous system, 

predominantly in immune system cells, where it is thought to mediate cannabinoid-

induced immunosuppression, anti-inflammatory, and analgesia associated with 

inflammatory processes. 

CB1 (central) and CB2 (peripheral) cannabinoid receptors have been cloned and 

biochemically and pharmacologically described. Their distribution has been mapped 

using various approaches, revealing that CB1 receptors are not only found in the brain but 

also in numerous peripheral organs, whereas CB2 receptor distribution appears to be 

limited to immune system cells and tissues. 

Furthermore, two exogenous CB ligands from the phytocannabinoid category serve as the 

foundation for Medical Cannabis (MC) preparations; the most studied cannabis 

components, tetrahydrocannabinol (THC) and cannabidiol (CBD), account for the 

psychoactive and non-psychoactive phytocannabinoid, respectively. THC is a partial 

agonist of endocannabinoid receptors with a greater affinity for CB1, which may account 

for its intoxication effect. THC affects the dopaminergic system, which can lead to 

addiction and abuse. When used on a regular basis, it also causes tolerance [37]. CBD, on 

the other hand, has an allosteric action; it serves to enhance the function of the endogenous 

cannabinoid system rather than taking over this system; as a result, CBD has no 

recognized abuse or dependence potential. CBD has numerous therapeutic benefits and 

has been linked to better outcomes than THC. Notably, the THC/CBD ratio of cannabis 

determines its potency. In contrast to recreational marijuana, MC has a low THC/CBD 

ratio (Fakhry et al., 2021). 

 

 

1.5.6. Entourage Effect 

The entourage effect is a theorized process through which cannabis chemicals other than 

tetrahydrocannabinol (THC) work together to influence the plant's overall psychoactive 

effects. In 1999, the term "entourage effect" was coined. While the term was originally 
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used to describe a novel method of endocannabinoid regulation in which multiple 

endogenous chemical species work together to elicit a cellular response, it has since 

evolved to describe the polypharmacy effects of combined cannabis phytochemicals or 

whole plant extracts. The expression today commonly refers to the compounds found in 

cannabis that are said to interact together to produce "the sum of all the elements that 

contributes to the enchantment or power of cannabis." An entourage effect could include 

other cannabinoids, terpenoids, and flavonoids (Gallily et al., 2018). Cannabis, THC, 

and synthetic cannabinoids have been shown in tests to produce transient positive, 

negative, and cognitive symptoms in healthy individuals. These synthetic cannabinoids 

are more potent than natural cannabis because, unlike tetra-hydrocannabinol, they 

function as a complete agonist at their cannabinoid subtype-1 receptor. They also lack 

cannabidiol, which would otherwise neutralize THC's intoxicating potency. 

 

 

1.6.  Pituitary- Thyroid effect 

1.6.1. Pituitary Gland 

The pituitary gland is known as the "master gland" because the hormones it produces 

monitor and regulate many body activities, including growth and sexual/reproductive 

development and functional including thyroid gland, adrenal glands, and gonads (Mullur 

et al. 2014). 

• Cannabinoid 1 (CB1) receptor is expressed in the hypothalamus and the pituitary 

gland, and CB1-receptor stimulation is known to modulate all the endocrine 

hypothalamic- peripheral endocrine axes. CB1- receptors are organized compactly 

along the central and peripheral thyroid hormone axis. TRH is produced in the 

paraventricular nucleus of the hypothalamus, and spreads via blood stream to the 

anterior pituitary gland to stimulate TSH-synthesis, and release there. TSH can be 

also stimulated by cold temperature and hypoglycemia. TSH binds to a G-protein 

coupled TSH-receptor on the thyroid follicular cell, which stimulates the synthesis 

and release of thyroid hormones (Pagotto, Marsicano, Cota, Lutz, & Pasquali, 

2006).  
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• Thyroxin-binding globulin (TBG) is one of three proteins (together with 

transthyretin and albumin) that bind T3 and T4 in blood. Of these three proteins, 

TBG has the highest affinity for thyroid hormones, and carries the majority of T4 

in circulation. Thyroid hormones increase basal metabolic rate, stimulate 

lipolysis/lipogenesis, increase in adaptive thermogenesis and stimulate β-

oxidation of fatty acids (Mullur, Liu, & Brent, 2014).  

 

 

 
   Figure 2. Hypothalamic-pituitary-thyroid axis (HPT-axis).   

 

1.6.2. Possible Role of Cannabinoids in the Regulation of Thyroid Hormonal 

Activity 

Many mammalian tissues are regulated by the thyroid hormones 3,5,3′-triiodothyronine 

and L-thyroxin. Thyroid hormone receptors act as transcription factors, controlling gene 

transcription via thyroid hormone response elements in promoter regions of numerous 

genes (Flamant et al., 2007). Thyroid hormone release is the result of a regulatory cascade 

that also includes hypothalamic TRH and pituitary thyroid stimulating hormone (TSH), 

forming the hypothalamic-pituitary-thyroid (HPT) axis. 
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THC treatment of adult rats decreases thyroid hormone concentrations in the blood (Nazar 

et al., 1977, Rosenkrantz and Esber, 1980, Hillard et al., 1984). Several mechanisms 

explaining the impact have been proposed. THC does not inhibit TRH-induced increases 

in circulating thyroid hormone (Hillard et al., 1984), and evidence that CB1Rs are 

expressed on neurons innervating TRH-expressing neurons (Di et al., 2003, Deli et al., 

2009) suggest that THC and other CB1R agonists can inhibit TRH release via effects in 

the hypothalamus. In this regard, glucocorticoid-induced ECS mobilization has been 

demonstrated to decrease glutamate release onto TRH-positive neurons in the 

hypothalamus (Di et al., 2003), implying that eCBs link stress with repression of the HPT 

axis. Cannabinoids have also been demonstrated to suppress the HPT axis at the pituitary 

and thyroid glands (Veiga et al., 2008). (Porcella et al., 2002). In vivo, however, blockage 

at the initial step in a cascade, such as the HPT axis, has the most impact. TSH and thyroid 

hormone levels were all within normal ranges and did not link with THC or its principal 

metabolites in a study of chronic cannabis users (Bonnet, 2013). These data imply that 

chronic THC exposure in adults has no long-term effect on HPT axis function in otherwise 

healthy people. However, perinatal hypothyroidism can cause significant and irreversible 

cognitive abnormalities later in life (Bernal, 2007), implying that cannabis usage during 

pregnancy could harm fetal development by disrupting the HPT axis. THC treatment of a 

trophoblast cell line results in decrease of proliferation and a nearly 3-fold reduction in 

the expression of thyroid receptor 1 (TR1) (Khare et al., 2006). 

This effect on TR1 expression is comparable to that seen with fetal growth restriction 

(FGR) (Ohara et al., 2004). Because cannabis usage has been linked to FGR 

(Zuckerman et al., 1989), it is plausible that THC exposure during pregnancy could 

impair development due to decreased TR1 expression and, as a result, a decrease in 

thyroid hormone impact. According to one recent study, thyroid hormone level also 

influences the ECS. The inhibitory effect of CB1R agonism on the formation of spatial 

memory is increased in hypothyroid rats (Gine et al., 2013). The use of thyroid hormone 

corrected this problem. There was no difference in hippocampal CB1R expression 

between control and hypothyroid rats, implying that the thyroid hormone's impact is to 

increase CB1R signaling. Hypothyroid rats have been demonstrated to have a 50% 

reduction in the brain expression of G protein receptor kinase 2 (GRK2), an enzyme that 
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contributes in the desensitization of a variety of G protein-coupled receptors, including 

the CB1R (Penela et al., 2000, Penela et al., 2001). (Kouznetsova et al., 2002). As a 

result, it is probable that thyroid hormone deficiency dampens a negative regulatory 

process that impacts the CB1R. 
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CHAPTER TWO: OBJECTIVES AND AIMS 
 

 

 

2.1. Hypothesis 
Cannabis oil extract use, at least in short term, may be associated with lower levels of 

TSH, FT3 and FT4 of the thyroid gland.  

 

 

2.2. Specific Objectives 
The present study aims to explore the antithyroid potential of Lebanese cannabis oil 

extract (COE) use in mice, through evaluating thyroid function parameters; free 

triiodothyronine (FT3), free thyroxine (FT4) and TSH. 
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CHAPTER THREE: MATERIALS AND METHODS 

 

3.1 Experimental Animals 
Six- to eight-week-old male BALB/c mice were bred and obtained from the animal 

facility of the Biology Department at the Lebanese American University weighing 

between 31 and 35 grams were kept in plastic boxes (14animals/box) under standard 

temperature conditions (22° ± 2°C) with humidity (50 ± 5%) with an alternating cycle 

(12 h) of light and dark. The animals were fed a standard laboratory chow diet and given 

water. Mice were submitted to a regimem of 12 hours of light and 12 hours of darkness. 

The animals were allowed to acclimatize to laboratory conditions 48 h before the start of 

the experiment. 14 mice / group were used in all sets of experiments. Throughout the 

trial, all animals had free access to food and water. All experimental protocols were 

approved by the Animal Care and Use Committee (ACUC) at the Lebanese American 

University (ACUC approval number: LAU.ACUC.SOP.YS1. 27/October/2021 which 

follows the Guidelines for the Care and Use of Laboratory Animals. National Institutes 

of Health guidelines were followed for animal care and handling. 

 

 

3.2 Plant Collection and Oil Extraction 

3.2.1 Cannabis Sativa 

The drug Enforcement Office in Zahle, Beqaa Governorate, delivered dried samples of a 

Lebanese cannabis strain (Cannabis sativa L. ssp. Indica). The samples were gathered in 

Deir El Ahmar. This Lebanese community is 22 kilometers northwest of Baalbek and 

100 kilometers from Beirut. Cannabis plant material was securely maintained in a 

designated storage facility on the L.A.U. Byblos campus. The plant material was kept in 

a secure storage facility on campus. According to Shebaby et al. (2021), 1.2 g of 

cannabis oil was recovered from 10 g of air-dried cannabis flowers. Ethanol was used 

for the extraction, which lasted 48 hours. The resultant natural extract was then filtered 

and concentrated at 45 degrees Celsius under reduced pressure to get pure COE. 
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In this experiment, two doses of the COE were used as a treatment; dose I: 10mg/kg and 

dose II: 20mg/kg. 

3.2.2 GC-MS analysis 

For compound identification, GC-MS studies were performed on a Shimadzu GCMS- 

QP2020NX. The GC-MS was outfitted with an AOC-20i/s liquid auto-sampler and an 

HP5MS Restek separation column (0.25 mm 30 m, 0.25 m film thickness). As a carrier 

gas, helium gas was used. Prior to and after each run, the injection needle was rinsed 

three times with three different solvents (DCM, Ethyl acetate, and methanol). The 

injection volume was 1 L, and the split ratio was 6.6. Throughout all trials, the injector 

temperature was fixed to 280 C and the column flow was set at 1.3 ml min-1. Setting the 

oven to 60 C and heating it to 240 C with a ramp of 3 C.min-1; the temperature was held 

for 5 minutes, then increased to 280 C with a ramp of 5 C.min-1 and maintained for 15 

minutes; finally, the temperature was increased to 290 C with a ramp of 15 C.min-1 and 

held for 10 minutes. The transfer line temperature was 280 degrees Celsius, and the ion 

source temperature was 220 degrees Celsius. The scan mode was 70 eV electron impact 

ASSP with a detector voltage of 2.102 V. The scanning range was 41.00 to 500.00 m/z. 

Without dilution, all samples were tested. 

3.3 Chemicals and Reagents 
 

All the following chemicals and reagents that were used in this experiment were 

purchased from different places. All of the materials utilized were of analytical 

and research level. The following chemicals and reagents are: 

• Eltroxin® 100 μg and Propylex® 50mg tablets were purchased from a 

local pharmacy. 

• Propylex® 50mg (lot no. M072) manufactured by Laboratories HAC 

Pharma. 

• Eltroxin® 100 μg (lot no. B39420J) manufactured by Aspen Bad 

Oldesloe GmbH, Industriestrasse 32-36, Germany Pharmaceuticals Ltd. 
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• Distilled water and technical grade ethanol was prepared in LAU with a 

water filtration unit from LAU (Byblos, Lebanon) and used throughout 

all the experiments.  

• For rinsing the 1ml non-insulin syringes due to shortage of materials, I 

was obliged to re-use the same syringes, for this I was soaking the 

syringes after separating each and every part alone in ethanol of technical 

grade for minutes.   

• Also, ethanol was used to rinse the oral rubber gavage feeding tube. 

• Oral rubber gavage feeding tube was purchased from a local pharmacy. 

• Distilled water was used as a finishing step to rinse the syringes and the 

oral rubber gavage feeding tube after ethanol. 

• Methylene blue was used to stain the mice to identify group taking 

cannabis oil extract dose I from cannabis oil extract dose II. Methylene 

blue was prepared by adding 1.5 g powdered methylene blue to 100 mL 

95% technical grade ethanol. Then slowly adding the alcohol to dissolve 

the powder, followed by adding 30 mL saturated alcoholic solution of 

methylene blue to 100.0 mL distilled water and 0.1 mL 10% potassium 

hydroxide. 

• 10% potassium hydroxide (Lot No. SH2828)  was purchased from Sigma 

Aldrich (Saint Louis, Missouri).  

• Methylene blue powder (Lot No. S7121) was purchased from Sigma 

Aldrich (Saint Louis, Missouri).  

• The animals were fed standard laboratory chow diet purchased from a 

supplier that the Biology Department at LAU usually buy from.  

• Drinking water for the animals was prepared in LAU with a water 

filtration unit from LAU (Byblos, Lebanon). 

• Dulbecco’s phosphate-buffered saline (PBS) was provided from Benta 

Pharma Industries (Dbayeh, Lebanon).   

• Cremophor was provided from Benta Pharma Industries (Dbayeh, 

Lebanon).  
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3.4 Experimental Design 

• Antithyroid medications (also known as thionamides) are most commonly used 

to treat overactive thyroid gland: hyperthyroidism. These medications prevent 

the thyroid gland from producing thyroid hormone (Cooper, 2005). 

• This experimental design is known to be as an antithyroid activity design, where 

hyperthyroidism was induced in experimental mice by administering L-thyroxine 

(10μg) orally for 14 days. Hyper thyroid male BALB/c mice weighing between 

31 and 35 grams were treated with two doses of intraperitoneal injection of 

10mg/kg of cannabis oil extract dose I and 20mg/kg of cannabis oil extract dose 

II for a period of 21 days. 0.2mg/kg propyl thiouracil for 21 days was served as 

the standard reference drug for lowering the thyroid hormones (Table1). 

• Five groups of mice, 14 in each received the following treatment schedule. All 

mice at the beginning are put on Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg for 14 days. Group I is the control group that was kept on 

control diet and a mixture of Ethanol: Cremophor: PBS (1:1:18) administered IP 

(Figure3). Then the induced group is divided into 4 groups: Group II kept on 

Eltroxin® 100 μg with an oral dose of L-thyroxine 10 μg for 21 days, Group III 

treated with with Propylex® 50mg with an oral dose of propyl thio uracil 

0.2mg/kg and group IV treated with cannabis oil extract dose I (10mg/kg) 

in 100μl intraperitoneal injection and another group V treated with cannabis oil 

extract dose II (20mg/kg) in 100μl intraperitoneal injection (Table1). 
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Animal 

Groups 
Specifications Days 

Group I* 

Control diet and a mixture of Ethanol: 

Cremophor: PBS (1:1:18) administered 

intraperitoneal IP 

35 

Group II* 
Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg  
14 induced  

 Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg  
21 induced  

Group III* 
Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg  
14 induced  

  Propylex® 50mg with an oral dose of 

propyl thio uracil 0.2mg/kg  

21 

treatment  

Group IV* 
Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg  
14 induced  

 COE dose I (10mg/kg) IP 
21 

treatment  

Group V* 
Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg  
14 induced  

  COE dose II (20mg/kg) IP 
21 

treatment  
     *:  n=14 mice in each group 

 

 

 

1. Group-I: Normal diet and a mixture of Ethanol: Cremophor: PBS (1:1:18) 

administered IP (vehicle).  

2. Group-II: Hyperthyroid induced animals Eltroxin® 100 μg (levo-thyroxine 

sodium 10μg) for 14 days.  

3.  Group-III: Hyperthyroid induced animals treated with Propylex® 50mg propyl 

thio uracil 0.2mg/kg) for 21 days. 

4. Group-IV: Hyperthyroid induced animals treated with COE dose I (10mg/kg) for 

21 days.  

5. Group-V: Hyperthyroid induced animals treated with COE dose II (20mg/kg) for 

21 days.  

 
Table 1. Experimental Animal Group Design. 
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The whole experiment took 35 days for completion (Table1). 

Animals were distributed in five groups of 14 mice each; a big number of mice was used 

in this model since we expect acute and harsh model so we need to increase the number 

of experimental animals in each group because there is a potential for high mortality rate 

among each group especially with L-thyroxine hyperthyroidism induction; an induced 

hyperthyroid group, an induced treated with PTU, an induced treated with COE dose I, 

an induced treated with COE dose I, and a fifth one maintained as control given a 

mixture of Ethanol: Cremophor: PBS (1:1:18) administered IP (Table1). 

The animals of the hyperthyroid group received Eltroxin® 100 μg daily at a dose of 

10mcg, diluted in drinking water. Animals of the standard reference group received 

Propylex® 50mg at a dose of 0.2mg, diluted in drinking water similar to the 

hyperthyroid group. The control group received distillate water and the vehicle. 

Eltroxin® 100 μg was administered for the whole groups prior division except for 

control for 14 days to induce hyperthyroidism in the animals. Propylex® 50mg was 

administered for 14 induced mice for 21 days served as standard in the animals. L-

thyroxine sodium and PTU dose ingested daily by each animal was by administering an 

oral gavage to each animal by mouth with the mentioned dose. COE doses where 

administered IP to the selected mice. 

On the start date of the phase I that takes place for 2 weeks, Eltroxin® 100 μg was 

administered for the whole groups except for the control. After 2 weeks, phase II of the 

experiment starts. The group was divided into 4 groups as mentioned above. And the 

treatment started and finished after 3 weeks. The body weight, water and food intake 

was measured once per week, in order to observe the animals development by drug 

ingestion. The cages were cleaned and new wood shavings was added every week.  

After 3 weeks, animals were sacrificed, which means the end of the treatment and blood 

was collected. Thyroids and liver were weighed, inspected, and processed to certify PTU 

and L-thyroxine and COE dose I and dose II effects on the gland morphology. Thyroids 

and liver were fixed in neuter formol and buffered with 10% phosphate in order to check 

the histopathology. 
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A hyperthyroidism checklist was obtained, to observe the animal’s development by drug 

ingestion, and it is in a separate word document in the appendix. Also, a hypothyroidism 

checklist is built in order to check the animal’s development by drug ingestion. Mice 

were resistant to PTU, for unknown reasons, I may say that maybe because of the bitter 

taste of PTU, thus they needed a much higher dose to treat.  

Phase I 

For the Levothyroxine induced hyperthyroidism activity (Table2 & Figure4) , mice 

n=74 were divided into two Groups, Group I containing 14, considered as the control 

and Group II where n=60 were given orally by oral gavage for fourteen days; a big 

number of mice was used in this model since we expect acute and harsh model so we 

need to increase the number of experimental animals in each group because there is a 

potential for high mortality rate among each group especially with L-thyroxine 

hyperthyroidism induction; according to the following design:  

Group I: N=14 mice control group are set to be on control diet and given the vehicle IP. 

Group II: N=60 mice are the induced group.  

Each tablet of Eltroxin® 100 μg of Levothyroxine sodium. Each mouse should ingest 

10mcg by oral gavage for 14 days to induce hyperthyroidism. 1 tablet of Eltroxin® 100 

μg is crushed using mortar and pestle until the powder is finely crushed. 2ml of distilled 

water is added in 10ml sterile polypropylene tube with a screw cap. The crushed powder 

is added into the tube, and using a vortex machine, it is put to vortex for 35min- 1hr on 

speed 3000 rpm. The tube is then put in a sonicator for 30 minutes to mix solutions, 

accelerate solid-to-liquid dissolution, and remove air bubbles. 200 μl is then taken from 

the sterile polypropylene tube with a screw cap by a micropipette and added into 1 ml 

non-insulin syringe and then an oral gavage tube is added on the top of the syringe. 

More tablets are crushed, and the same procedure was repeated when more syringes are 

needed to be filled. The sources of all reagents used in this experiment are mentioned 

wherever it is appropriate.  
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Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Day 15 Day 16 Day 17 Day 18

Day 19 Day 20 Day 21 Day 23 Day 24 Day 25 Day 26 Day 27 Day 28 Day 29 Day 30 Day 31 Day 32 Day 33 Day 34 Day 35 Day 36

. . . . . . . . . . . . 

. . . . . . . . . . 

. 

. . . . 

. 

. 

. . 

. 

. . + + + 

+ + + 

End of the Experiment 

Animal Sacrifice & 

Blood Collection 

+ Body Weight Measurements 

. Vehicle Administration (i.p.) 

 

 

Figure 3. Control Group Lab Work Over Phase I & Phase II. 
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Animal Group 

Specifictions  

Control Mice Hyperthyroid Induced Mice 

Number of Animals 14 60* 

Phase I (Day 1 till 14)         

Eltroxin® 100 μg X     

API X Levo-Thyroxine Sodium 

Dose X 10 μg 

Method of 

Administration 
X 

PO by a rubber oral gavage feeding 

tube 

Propylex® 50mg X X 

API X X 

Dose X X 

Method of 

Administration 
X X 

COE X X 

API X X 

Dose X X 

Method of 

Administration 
X X 

Records of Death X 3 

   60* -3= 57* mice. 1mice will be excluded to have all 5 groups in Phase II with the same number of mice 

n=14. 

 

 

 

 

 

 

 Table 2. Phase I Lab Work Tabular Form. 
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Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

. . . . . . . . ^ . . . . . . + 

1 Death 

End of the Induction of 

the Whole 

Experimental Group 
+ Body Weight Measurements 

. Induction with L-Thyroxine (Oral) 

^ Division into 4 Experimental Groups with N=14 Mice Each 

1 Death 

1 Death 

Figure 4. Phase I Lab Work. 
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Phase II 

After 14 days induction period, mice of Group II are distributed into 4 Groups each 

group containing 14 mice, Group II (thyroxin induced), Group III (induced + PTU), 

Group IV (induced +COE 10mg/kg), Group V (induced+ COE 20mg/kg) (Table3 & 

Figure5). 

On day 15, PTU is prepared using the following method: Each tablet of 

Propylex® 50mg contains 50 mg of PTU. Each mouse should ingest 0.2mg by oral 

gavage for 21 days served as standard drug. 1/2 tablet of Propylex® 50mg is crushed 

using mortar and pestle until the powder is finely crushed. 50ml of distilled water is 

added in 50ml sterile polypropylene tube with a screw cap. The crushed powder is added 

into the tube, and using a vortex machine, it is put to vortex for 35min- 1hr on speed 

3000 rpm. The tube is then put in a so nicator for 30 minutes to mix solutions, accelerate 

solid-to-liquid dissolution, and remove air bubbles. 200 μl is then taken from the sterile 

polypropylene tube with a screw cap by a micropipette and added into 1 ml non-insulin 

syringe and then a n oral gavage tube is added on the top of the syringe and given daily 

for Group III. More tablets are crushed, and the same procedure was repeated when 

more syringes are needed to be filled. The sources of all reagents used in this experiment 

are mentioned wherever it is appropriate.  

Group IV and V, where treated by COE IP for 21days of doses 10mg/kg and 20mg/kg 

respectively. 1.2 g of cannabis oil was recovered from 10 g of air-dried cannabis 

flowers. Ethanol was used for the extraction, which lasted 48 hours (Shebaby et. al 

2021). The resultant natural extract was then filtered and concentrated at 45 degrees 

Celsius under reduced pressure to get pure COE. 100 μl from treatment dose 10 taken 

and transferred into an insulin syringe. The same process was done for COE dose 2. The 

sources of all reagents used in this experiment are mentioned wherever it is appropriate. 
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Animal Group 

Specifictions 

 

Control Mice Hyperthyroid Induced Mice 

Number of Animals 14 56 

Phase II (Day 15 till 35) ✔️ ✔️ 

Eltroxin® 100 μg X ✔️ 

API X Levo-Thyroxine Sodium 

Dose X 10 μg 

Method of 

Administration 
X 

PO by a rubber oral gavage feeding 

tube 

Propylex® 50mg X ✔️ 

API X Propyl thio uracil 

Dose X 0.2mg/kg 

Method of 

Administration 
X 

PO by a rubber oral gavage feeding 

tube 

COE X Cannabis oil extract 

API X THC, CBD 

Dose X 
10mg/kg as dose I and 20mg/kg as 

dose II 

Method of 

Administration 
X IP 

Records of Death X 
2 mice each from different groups of 

COE 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Phase II Lab Work Tabular Form. 

Table3. PhaseII Lab Work Tabular Form. 
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Day 15 Day 16 Day 17 Day 18 Day 19 Day 20 Day 21 Day 22 Day 23 Day 24 Day 25 Day 26 Day 27 Day 28 Day 29 Day 30 Day31 Day32 Day33 Day34 Day35 Day36

2 Deaths 

Animal Sacrifice & 

Blood Collection 

End of the Treatment 

+ Body Weight Measurements 

. Treatment with PTU (Oral) & Induction with L-Thyroxine (Oral) & Treatment with COE I & COE II (i.p.) 

 

. . . .+ . . . . . . . . . . . . 

+ 

. + + . . . . + 

Figure 5. Phase II Lab Work. 
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3.5 Biochemical Analysis 

3.5.1 Plasma Analysis 

Blood samples of the experiments were collected immediately after the sacrifice of the 

animals of the five groups [Group-I: Normal diet (control), group-II: Hyperthyroid 

induced animals (levo-thyroxine- 10μg), group-III: Hyperthyroid induced animals 

treated with PTU propyl thio uracil 0.2mg/kg), group-IV: Hyperthyroid induced animals 

treated with cannabis oil extract dose I  (10mg/kg), group-V: Hyperthyroid induced 

animals treated with cannabis oil extract dose II (20mg/kg)]. EDTA was added to 

prevent clotting of the samples in a ratio of 25 μL for each 1.5ml of blood collected. 

Then plasma was separated using centrifugation at 3000 rpm for 15 min at 4◦C 

temperature. Then the plasma concentration was taken to a commercial lab to determine 

o free triiodothyronine (FT3), free thyroxine (FT4) and thyroid stimulating hormone 

(TSH).   

 

3.6 Statistical Analysis 

The data were exported to Microsoft® Excel for Mac (Version No. 16.49) and IBM® 

SPSS® Statistics for further analysis and display (Trial Version No. 28.0). One-way 

analysis of variance (ANOVA) was used to assess statistical significance of the data of 

the blood samples of different groups of mice followed by post-hoc Bonferroni test for 

multiple comparisons.  

Within each group, the values of the various tested parameters are presented as mean ±  

standard error of mean (SEM). Differences between groups were considered statistically 

significant if the p-value was less than 0.05. A statistically significant test result (P ≤ 0.05) 

means that the test hypothesis is false or should be rejected. A P value greater than 0.05 

means that no effect was observed. 
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CHAPTER FOUR: RESULTS 

Below is the analysis of the blood samples of different groups of mice that was carried 

out using One-way analysis of variance (ANOVA) to assess statistical significance of 

the data followed by post-hoc Bonferroni test for multiple comparisons. Within each 

group, the values of the various tested parameters are presented as mean ± SEM. All 

data were analyzed using the statistical software package SPSS 18, and differences 

between groups were considered statistically significant if the p-value was less than 

0.05.  

4.1. Analysis of TSH Levels in Different Mice Groups  
 

  

                      

Control 

L-

Thyroxine 

(10 μg) 

PTU 

(0.2mg/kg) 

COE 

(10mg/kg) 

COE 

(20mg/kg) 

TSH 

(uIU/ml) 
<0.05 <0.05 <0.05 <0.05 <0.05 

 

No significant change in the TSH levels was observed in our reading in the different 

experimental groups. 

 

 

 

 

 

 

Table 4. TSH Levels in Different Experimental Groups in (uIU/ml). 

Table4. Analysis of TSH Levels in Different Experimental Groups in (uIU/ml). 
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4.2. Analysis of FT4 Levels in Different Mice Groups 
 

Table 5.  FT4 & FT3 Levels in Different Experimental Groups in (pmol/l). 

 

             Control 

L-

Thyroxine 

(10 μg) 

PTU 

(0.2mg/kg) 

COE 

(10mg/kg) 

COE 

(20mg/kg) 

FT4 

(pmol/l) 

26.02 ± 

1.85 

41.46 ± 

2.85 
18.29 ± 1.49 

32.46 ± 

3.55 

33.69 ± 

1.18 

FT3 

(pmol/l) 
7.22 ± 0.34 

20.35 ± 

2.48 
8.94 ± 1.42 8.52 ± 0.74 6.88 ± 0.54 

 

 

 

 

 

Figure 6. FT4 Levels (pmol/l) in Control and Different Experimental Groups. 

Results are expressed in terms of mean ± SD, n=5.  

Asterisk denotes statistically significant difference between the L-Thyroxine and control groups at p-

value=0.002 ,  and between COE I & II compared to PTU group p-value= 0.004 and 0.002 respectively,  as 

derived from ANOVA followed by post-hoc Bonferroni test for multiple comparisons.  
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According to Table5 and figure6, the control group; that was kept on control diet, 

consisting of 5 blood samples of BALB/c mice has an average of FT4 levels 26.02 

pmol/l ± 1.85. 

The induced hyperthyroidism group with Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg consisting of 5 blood samples of BALB/c mice has an average of FT4 

levels 41.46 pmol/l ± 2.85. 

The group treated with Propylex® 50mg with an oral dose of propyl thio uracil 

0.2mg/kg consisting of 5 blood samples of BALB/c mice has an average of FT4 levels 

18.29 pmol/l ± 1.49. 

The group treated with cannabis oil extract dose I (10mg/kg) in 100μl intraperitoneal 

injection consisting of 5 blood samples of BALB/c mice has an average of FT4 levels 

32.46 pmol/l ± 3.55. 

The group treated with cannabis oil extract dose II (20mg/kg) in 100μl intraperitoneal 

injection consisting of 5 blood samples of BALB/c mice has an average of FT4 levels 

33.69 pmol/l ± 1.18. 

 

In reference to Multiple Comparisons Table I, the mice group that was continued on an oral 

dose of L-thyroxine 10 μg resulted in an escalation of FT4 levels comparing with the 

control mice group. There was statistically significant difference between the group 

taking Eltroxin® 10 μg and the group kept on normal diet with p-value = 0.002. 

Similarly, L-thyroxine 10 μg administration resulted in an elevation of FT4 levels 

comparing with the mice group taking an oral dose of propyl thio uracil 0.2mg/kg and 

the group treated with COE I (10mg/kg) and COE II (20mg/kg) in 100μl IP had inflated 

FT4 levels than PTU and there was statistically significant difference where there was a 

statistically significant difference with p-value <0.001. 

This indicates that PTU was effective in regulation and falling off in FT4 levels. 

 

On the other hand, the group treated with COE I (10mg/kg) and COE II (20mg/kg) 

in 100μl IP had inflated FT4 levels than PTU and there was statistically significant 

difference between the two groups where the p-value = 0.004 and p-value = 0.002 
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respectively, but there is no statistically significant difference between COEI and COEII 

since the p-value = 1. 

This does not mean that cannabis oil extract is not effective in the regulation nor in the 

reduction of FT4 levels since it slightly lessened the proportion of FT4 set side by side 

to the group kept on L-thyroxine 10 μg administration.  

In addition, there is a limitation in this study that may affect the results that is the 

possibility of administering COE at higher doses and/or for a longer duration of 

treatment. 

In brief, PTU in our findings was more potent than COE dose I (10mg/kg) and dose II 

(20mg/kg) in abating FT4 levels.  

 

 

 

4.3. Analysis of FT3 Levels in Different Mice Groups 
 

Table 6. FT4 & FT3 Levels in Different Experimental Groups in (pmol/l). 

 

             Control 

L-

Thyroxine 

(10 μg) 

PTU 

(0.2mg/kg) 

COE 

(10mg/kg) 

COE 

(20mg/kg) 

FT4 

(pmol/l) 

26.02 ± 

1.85 

41.46 ± 

2.85 
18.29 ± 1.49 

32.46 ± 

3.55 

33.69 ± 

1.18 

FT3 

(pmol/l) 
7.22 ± 0.34 

20.35 ± 

2.48 
8.94 ± 1.42 8.52 ± 0.74 6.88 ± 0.54 
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Figure 7. FT3 Levels (pmol/l) in Control and Different Experimental Groups. 

Results are expressed in terms of mean ± SD, n=5. 

Asterisk denotes statistically significant difference between group taking L-thyroxine compared to PTU 

group ng group Treated with COEI and II with statistical difference between the two groups p-

value<0.001, as derived from ANOVA followed by post-hoc Bonferroni test for multiple comparisons. 

 

 

According to Table 6 and figure 7, the control group; that was kept on control diet, 

consisting of 5 blood samples of BALB/c mice has an average of FT3 levels 7.22 pmol/l 

± 0.34. 

The induced hyperthyroidism group with Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg consisting of 5 blood samples of BALB/c mice has an average of FT3 

levels 20.35 pmol/l ± 2.48. 

The group treated with Propylex® 50mg with an oral dose of propyl thio uracil 

0.2mg/kg consisting of 5 blood samples of BALB/c mice has an average of FT3 levels 

8.94 pmol/l ± 1.42. 

The group treated with cannabis oil extract dose I (10mg/kg) in 100μl intraperitoneal 

injection consisting of 5 blood samples of BALB/c mice has an average of FT3 levels 

8.52 pmol/l ± 0.74. 
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The group treated with cannabis oil extract dose II (20mg/kg) in 100μl intraperitoneal 

injection consisting of 5 blood samples of BALB/c mice has an average of FT3 levels 

6.88 pmol/l ± 0.54. 

 

In reference to Multiple Comparisons Table I, the mice group that was continued on an oral 

dose of L-thyroxine 10 μg resulted in a rise in FT3 amounts compared to the control 

mice group and to the group with the mice group taking an oral dose of PTU 0.2mg/kg 

and the group treated with COE dose I (10mg/kg) and COE dose II (20mg/kg)  in 100μl 

IP with statistical difference between each two groups with a p-value <0.001. 

This is logical since we were inducing hyperthyroidism with the oral dose of L-

thyroxine 10 μg, so this what caused the climb in FT3 quantity in plasma. 

There was no statistically significant difference in the shrink in FT3 portion between 

group taking PTU 0.2mg/kg orally and COE dose II (20mg/kg) in 100μl IP since p-

values= 1 for both groups two groups. 

This designate that cannabis oil extract and PTU where equally effective in the drop of 

FT3levels in plasma of the mice under testing and still in our study we showed that 

cannabis oil extract was able to downturn FT3 levels. 

This reduction is evident because there was statistically significant difference between 

groups taking COE dose I and COE dose II and oral dose of L-thyroxine 10 μg group 

since p-value <0.001. 
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4.4. Analysis of Liver Weight in Different Mice Groups 
 

Table 7. Liver and Thyroid Weight in (g) in Control and Different Experimental Groups. 

Liver 

Weight (g) 

  

  

  

 Experimental Groups 

  

 Control 
L-Thyroxine 

(10 μg) 

PTU 

(0.2mg/kg) 

COE 

(10mg/kg) 

COE 

(20mg/kg) 

Liver 

Weight (g)  

2.38 ± 

0.04 
2.46 ± 0.08 2.65 ± 0.14 2.42 ± 0.14 2.38 ± 0.21 

Thyroid 

Weight (g) 

0.41 ± 

0.01 
0.88 ± 0.04  0.80 ± 0.02  0.54 ± 0.04  0.43 ± 0.05  

 

 

 

 

 

Figure 8. Liver Weights in (g) in Control and Different Experimental Groups. 
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According to Table 7 and Figure 8, the control group; that was kept on control diet, 

consisting of 5 blood samples of BALB/c mice has an average liver weight 2.38g ± 

0.04g. 

The induced hyperthyroidism group with Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg consisting of 5 blood samples of BALB/c mice has an average liver 

weight 2.46g ± 0.08g. 

The group treated with Propylex® 50mg with an oral dose of propyl thio uracil 

0.2mg/kg consisting of 5 blood samples of BALB/c mice has an average liver weight 

2.65g ± 0.14g. 

The group treated with cannabis oil extract dose I (10mg/kg) in 100μl intraperitoneal 

injection consisting of 5 blood samples of BALB/c mice has an average liver weight 

2.42g ± 0.25g. 

The group treated with cannabis oil extract dose II (20mg/kg) in 100μl intraperitoneal 

injection consisting of 5 blood samples of BALB/c mice has an average liver weight 

2.38g ± 0.21g. 

 

In reference to Multiple Comparisons Table II, there was no statistically significant difference 

between any of the groups regarding the change of liver weight (control group, mice 

group that was continued on an oral dose of L-thyroxine 10 μg, group treated with 

Propylex® 50mg with an oral dose of propyl thio uracil 0.2mg/kg, group treated with 

cannabis oil extract dose I (10mg/kg) and group treated with cannabis oil extract dose II 

(20mg/kg)). 
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4.5. Analysis of Thyroid Weight in Different Mice Groups 
 

 

Figure 9. Thyroid Weights in (g) in Control and Different Experimental Groups. 

 Results are expressed in terms of mean ± SD, n=5. 

 Asterisk denotes statistically significant difference between L-thyroxine and contol mice group that 

statistically significant difference in the weights, COEI andCOEII had statistically significant difference in 

thyroid weights compared to L-hyroxine and PTU, as derived from ANOVA followed by post-hoc 

Bonferroni test for multiple comparisons.  

 

 

 

According to Table 7 and figure 9, the control group; that was kept on control diet, 

consisting of 5 blood samples of BALB/c mice has an average thyroid weight 0.41g ± 

0.01g. 

The induced hyperthyroidism group with Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg consisting of 5 blood samples of BALB/c mice has an average thyroid 

weight 0.88g ± 0.04g. 

The group treated with Propylex® 50mg with an oral dose of propyl thio uracil 

0.2mg/kg consisting of 5 blood samples of BALB/c mice has an average thyroid weight 

0.80g ± 0.02g. 
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The group treated with cannabis oil extract dose I (10mg/kg) in 100μl intraperitoneal 

injection consisting of 5 blood samples of BALB/c mice has an average thyroid weight 

0.54g ± 0.04g. 

The group treated with cannabis oil extract dose II (20mg/kg) in 100μl intraperitoneal 

injection consisting of 5 blood samples of BALB/c mice has an average thyroid weight 

0.43g ± 0.05g. 

 

In reference to Multiple Comparisons Table II, the mice group that was continued on an oral 

dose of L-thyroxine 10 μg and the control mice group that was kept on control diet 

showed a statistically significant difference in their thyroids weight. The control and the 

group treated with Propylex® 50mg with an oral dose of propyl thio uracil 0.2mg/kg 

both have higher thyroids weight with p-value less than 0.001. 

The group treated with cannabis oil extract dose I (10mg/kg) and the group treated with 

cannabis oil extract dose II (20mg/kg) had statistically significant difference in the 

change of thyroids weight comparing to the group that was continued on an oral dose of 

L-thyroxine 10 μg and the group treated with Propylex® 50mg with an oral dose of 

propyl thio uracil 0.2mg/kg. 

 

The group treated with cannabis oil extract dose I (10mg/kg) had lower statistically 

significant difference thyroid eight than group treated with Propylex® 50mg with an 

oral dose of propyl thio uracil 0.2mg/kg with p-value = 0.006 and lower thyroids weight 

than the group induced hyperthyroidism group with Eltroxin® 100 μg with an oral dose 

of L-thyroxine 10 μg with p-value = 0.001. 

 

The group treated with cannabis oil extract dose II (20mg/kg) had lower thyroids weight 

than the group treated with with an oral dose of PTU 0.2mg/kg and the induced 

hyperthyroidism group with an oral dose of L-thyroxine 10 μg with p-value less than 

0.001 for both groups. 

 

This indicates that cannabis oil extract in dose I and dose II was effective in thyroids 

weight reduction and was able to shrink the thyroids. 
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4.6. Analysis of Average Mice Body Weight 
 
Table 8. Weekly Changes of Average Mice Body Weight in grams(g) in Different Animal Groups. 

Mice Body Weights(g) Day 0 Day 15 Day21 Day 28 Day 35 

Control 30.56 30.8 33.1 34.18 35.76 

L-Thyroxine (10 μg) 35.6 35.5 34 33.8 32.76 

PTU (0.2mg/kg) 30 31.4 31.5 33.8 34.73 

COEI (10mg/kg) 30.1 31.6 34 35.47 36.29 

COEII (20mg/kg) 31 32.2 34.15 35.28 36 

 

 

 

 

 

 

 

Figure 10. Average Body Weights in (g) in Control and Different Experimental Groups. 
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Figure 11. Effects on Average Body Weights in (g) in Control Vs. L-Thyroxine Mice Groups. 

 

 

 

Figure 12. Effects on Average Body Weights in (g) in Control Vs. COEI Mice Groups. 
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Figure 13. Effects on Average Body Weights in (g) in Control Vs. COEII Mice Groups. 
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Figure 14. Effects on Average Body Weights in (g) in L-Thyroxine Vs. COEI Mice Groups. 
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Figure 15. Effects on Average Body Weights in (g) in L-Thyroxine Vs. COE II Mice Groups. 
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There is a trend escalation in average body weights of mice of different groups over the 

course of treatment from day 1 till day 21 (Table 8 & figure 10). 

The control group: that was kept on control diet with free access to water and food, 

showed a significant increase in the average body weight (4.96g) from 30.8g to 35.76g 

in day 1 till day 21 of the treatment respectively (Table 8 & Figure 11). 

The induced hyperthyroidism group with Eltroxin® 100 μg with an oral dose of L-

thyroxine 10 μg showed a significant drop in the average body weight (2.74g) from 

35.5g to 32.76g in day 1 till day 21 of the treatment respectively (Table 8 & Figure 11). 

Eltroxin® 100 μg is prescribed when the body’s activities slow down when the thyroid 

gland does not produce enough thyroxine (a condition known as hypothyroidism). 

Eltroxin® 100 μg tablets are used to replace the thyroxine that the thyroid gland is 

unable to make and to prevent hypothyroidism symptoms. Eltroxin® 100 μg is known to 

increase appetite and lead to weight loss due to the over activity of the thyroid gland ( 

increased body metabolism). 

The group treated with Propylex® 50mg with an oral dose of propyl thio uracil 

0.2mg/kg showed a significant climb in the average body weight (3.33g) from 31.4g to 

34.73g in day 1 till day 21 of the treatment respectively (Table 8 & Figure 10). 

Propylex® 50mg (PTU) is used to treat hyperthyroidism (a condition in which the 

thyroid gland generates too much thyroid hormone, which causes the body’s metabolism 

to speed up and causes various symptoms such as weight gain and increased appetite). 

When hyperthyroidism is treated and hypothyroidism is induced, thyroid levels are low, 

the metabolism slows down and less energy is burnt, even when resting. Also, less likely 

to burn fat for energy, which can cause weight gain. 

 

The group treated with cannabis oil extract dose I (10mg/kg) in 100μl intraperitoneal 

injection showed a significant climb in the average body weight (4.69g) from 31.6g to 

36.29g in day 1 till day 21 of the treatment respectively (Table 8 &Figure 12 & 14). 

The group treated with cannabis oil extract dose II (20mg/kg) in 100μl intraperitoneal 

injection showed a significant climb in the average body weight (3.8g) from 32.2g to 

36g in day 1 till day 21 of the treatment respectively (Table 8 & Figure13 & 15 ). 
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Some studies indicate that COE use may encourage weight gain by increasing appetite 

— even though others suggest the opposite. More research is needed. But in our study, 

COE dose I and II showed an increase in appetite and weight of the treated mice with 

COE. I may say that COE is restoring thenormal activity of the thyroid gland which is 

reflected in the body weight increase. 

Food and water intake was not recorded for each mouse since there is shortage in the 

cages, bottles, and food containers, where we were obliged to put the whole group in the 

same cage where all are having the same access to food and water which inhibited our 

ability to know exactly how much each mouse is consuming. 
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CHAPTER FIVE: DISCUSSION 
 

Despite the fact that Eltroxin® 100 μg is used to treat hypothyroidism, it can be used to 

induce hyperthyroidism since its action is dose and time dependent. The hormones 

triiodothyronine (T3) and thyroxin (T4) are recognized as cell metabolism regulators, 

and they relate to several biological processes in all vertebrates (Shi et al., 2002; Nunes, 

2003).  

Thyroid dysfunction is regarded as one of the most serious endocrinopathies in both 

human (Shi et al., 2002) and veterinary medicine (Rijnberk et al., 2003). The most 

frequent endocrine condition in women is hyperthyroidism (Goldman, 1990). The 

reduction of hormone production is the basis for experimental investigations linked with 

thyroid dysfunctions, alterations in metabolism, and body development (McCardle et al., 

1998; Ferreira et al., 2003; Khotimchenko e Sergushchenko, 2003; Silva et al., 2004) or 

high-dose thyroxin administration promotes iatrogenic hyperthyroidism (Kobayashi et 

al., 2000; Serakides et al., 2002; 2005).   

 

PTU is a synthetic compound where it appeared to be more potent than cannabis oil 

extract in lowering FT3 and FT4. As described in the literature, mice are resistant to 

PTU, for unknown reasons, thus they need a much higher dose to induce 

hypothyroidism (Hardisty and Boorman, 1999). For this, Serakides et al. (2005) 

obtained positive result of hyperthyroid induction in rats after administering 50g of L- 

thyroxin/animal/day, for 30 days. This dosage for mice is likely to lead to an 

intoxication status, as it is a synthetic hormone and its action in the organism is dose-

dependent.  

 

There was no methodology using adult mice in thyroid dysfunction investigations 

reported in the literature, preventing an appropriate standardization of experimental 

hyperthyroidism induction in these animals (Halikas J. et al., 1982). The use of mice in 

some research as "knockout" animals or hosts for specific malignancies highlights the 

importance of standardizing the model of causing thyroid dysfunction presented in this 

work. 
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Researchers are still attempting to determine the significance of CBD and cannabinoid 

receptors in the treatment of illnesses such as Hashimoto's Disease and Graves' Disease ( 

Buffum J. et al., 1982). Nonetheless, the interaction of these receptors with the thyroid 

gland and its function offers new insight on the use of natural resources to care for 

thyroid health (Aversa A. et al., 2008). The primary goal of this study was to develop a 

simple and feasible strategy for inducing hyperthyroidism  in adult male mice and then 

treating it with PTU and COE 10mg/kg and 20mg/kg in order to obtain an experimental 

model. An increasing body of research suggests that CBD and other cannabinoids can be 

used to treat thyroid-related symptoms such as skin disorders, inflammation, discomfort, 

anxiety and depression, weight gain, and poor energy levels (Freeman ME. Et al., 2000). 

Scientists believe that oral forms of CBD, such as CBD oil or capsules, have a better 

effect on symptoms produced by internal imbalances, including anxiety and depression 

(Murphy LL. Et al., 1991). Topical treatments, on the other hand, are more beneficial for 

troublesome parts of the body (Hardisty and Boorman, 1999). 

  

According to the literature, mice are resistant to PTU for unknown reasons, hence a 

considerably greater dose is required to induce hypothyroidism (Hardisty and Boorman, 

1999). For this, 0.2mg/kg of PTU was only given as a standard reference drug to 

regulate the thyroid dysfunction. After providing 50g of L-thyroxin/animal/day for 30 

days, Serakides et al. (2005) found a positive outcome of hyperthyroid induction in rats. 

Because it is a synthetic hormone with dose-dependent activity in the organism, this 

dosage for mice is likely to result in intoxication. In our study, 10mcg/kg was found to 

be the enough dose to induce hyperthyroidism.  

Although research into CBD and thyroid health is still in its early stages, several studies 

indicate that CBD may be a beneficial medicinal agent for the treatment of thyroid 

diseases. No published data on the antithyroid effect of cannabis oil extract was found. 

Cannabis sativa comes in hundreds of different types (races).  Previous studies in our 

laboratory showed that COE demonstrated potent in vitro and in vivo anti- inflammatory 

activities (Shebaby et al., 2021). Previous research found that acute treatment of 9-

tetrahydrocannabinol (THC), the main psychoactive cannabinoid element in cannabis, 
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significantly lowered levels of thyroxine (T4) and thyroid-stimulating hormone (TSH) in 

rats (nazar, Kairys, Fowler, & Harclerode, 1981). Cannabis, on the other hand, reduced 

the emission of radioactive iodine from rats' thyroids (Lomax, 1970). Exogenously 

administered TSH abolished both depressant effects, indicating a hypothalamic site of 

action (Lomax, 1970; nazar et al., 1981). Serum TSH levels were within normal ranges 

in all cannabis-consuming groups studied (Rubin & Comitas, 1972; Parshad et al., 1983; 

Herning et al., 2008; Bonnet, 2013). On the other hand, the analysis of our results of 

TSH serum levels after the treatment with PTU and COE 10 and 20mg/kg showed no 

changes in the levels <0.05 uIU/ml. The investigations of Parshad et al. (1983) and 

Herning et al. (2008), which reported no significant variations in TSH levels between 

regular cannabis smokers and normal controls, allow for a deeper study. Even long-term 

cannabis usage was unable to raise TSH levels over the normal range (Bonnet, 2013). 

THC- levels in this cohort, on the other hand, were not substantially linked with thyroid 

function tests. 

In one study, overall T4 levels were observed to be reduced, but only after 8 months of 

cannabis consumption, while T3 uptake rose (Herning et al., 2008). Because this study 

did not measure free or protein-bound hormone levels, the findings could be impacted 

by cannabis's effect on hormone-binding proteins like TGB. In our study, the group 

treated with COE I (10mg/kg) and COE II (20mg/kg) in 100μl IP had inflated FT4 

levels than PTU and there was statistically significant difference between the two groups 

where the p-value = 0.004 and p-value = 0.002 respectively, but there is no statistically 

significant difference between COEI and COEII since the p-value = 1. This does not 

mean that cannabis oil extract is not effective in the regulation nor in the reduction of 

FT4 levels since it slightly lessened the proportion of FT4 set side by side to the group 

kept on L-thyroxine 10 μg administration. According to the findings of animal studies 

(nazar et al., 1981; Brown & dobs, 2002), cannabis may have an immediate depressive 

effect on human T4-release. Nonetheless, an acute dramatic drop in T4-levels may have 

been mitigated by the development of tolerance in the routinely cannabis smoking 

groups, as was seen in rats (nazar et al., 1981). Future detoxification research with 

chronic cannabis users, as well as long-term analysis of multiple thyroid function tests, 
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should provide further insight into the finer effects of cannabis on human thyroid 

function ( Mendelson JH. et al., 1984). 

 

The mice group that was continued on an oral dose of L-thyroxine 10 μg resulted in a 

rise in FT3 amounts compared to the control mice group and to the group with the mice 

group taking an oral dose of PTU 0.2mg/kg and the group treated with COE dose I 

(10mg/kg) and COE dose II (20mg/kg) in 100μl IP with statistical difference between 

each two groups with a p-value <0.001. 

This is logical since we were inducing hyperthyroidism with the oral dose of L-

thyroxine 10 μg, so this what caused the climb in FT3 quantity in plasma. There was no 

statistically significant difference in the shrink in FT3 portion between group taking 

PTU 0.2mg/kg orally and COE dose II (20mg/kg) in 100μl IP since p-values= 1 for both 

groups two groups. 

This designate that cannabis oil extract and PTU where equally effective in the drop of 

FT3 levels in plasma of the mice under testing and still in our study we showed that 

cannabis oil extract was able to downturn FT3 levels. 

 

The endocrine system is comprised of several glands in the body that manufacture and 

secrete hormones for various tasks (Hughes CL. et al., 1981). These hormones have an 

impact on a wide range of physiological functions, including growth, mobility, 

breathing, sensory perception, and fertility (Kirkham TC. et al., 2001). A 2018 study 

conducted by the Polish Society of Endocrinology studied potential interrelationships 

between the ECS and endocrine system function. As previously stated, the ECS 

regulates a wide range of important activities, including thyroid function. CBD's 

potential benefits for thyroid health are manifested through its interaction with the 

body's ECS and its two types of receptors, CB1 and CB2 (Abel El. et al., 1980). CB1 

receptors have been discovered on the thyroid glands of animal models by researchers 

(Smith CG. et al., 1983). These receptors control the synthesis of two thyroid hormones, 

T3 and T4. These hormones are vital in regulating energy levels, body weight, 

temperature, and the growth of hair, nails, and skin cells (Dewey WL. et al., 1986). 

Cannabinoid receptors have also been discovered in the hypothalamic paraventricular 
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nucleus (PVN), a brain region that communicates with the pituitary gland and stimulates 

it to generate various hormones for the adrenal glands, gonads, and thyroid (Mendelson 

JH. et al., 1986). CBD interacts with these receptors in an indirect manner, which 

explains their potential for treating thyroid illnesses, particularly hormonal imbalance 

(Pertwee RG. et al., 1999). However, more high-quality human studies are needed to 

back up preclinical findings. A high-quality CBD oil may help with a range of thyroid 

issues. Hypothyroidism, hyperthyroidism, goiter, thyroiditis, and thyroid storm are all 

examples of underperformance (Abadji V et al., 1994). All the disorders listed above are 

caused by chronic inflammation of the thyroid gland because of the body's auto 

aggressive efforts against this organ (Stella N. et al., 1997). Cannabinoids including 

have been shown in numerous trials to reduce organ and tissue inflammation ( Berrada 

S. et al., 2003). Although research on the efficacy of thyroid problems is still in its early 

stages, current research on CBD's influence on hormonal activity is encouraging ( 

Johnson SD. et al., 2004). However, the amount of evidence available is insufficient to 

classify CBD as a viable treatment for thyroid health issues; further clinical trials are 

required to reach this conclusion. 

Furthermore, due to the synergism of its multiple cannabinoids and terpenes, COE is 

believed to be more potent than using a cannabinoid alone, a phenomenon known as the 

"entourage effect" (Gallily and Yekhtin, 2019). The extract's main discovered elements 

were cannabinoids (85.15%), monoterpenes (4.12%), and sesquiterpenes (5.89%). 

Cannabidiol (CBD) (59.1%) and detectable levels of tetrahydrocannabinol (THC) 

(20.2%) dominated the cannabinoid component, with lower percentages of cannabinol 

(CBN) (3.63%) and cannabichromene (CBC) (2.22%). The presence of monoterpenes 

was represented by β-Myrecene (1.94%), α-Pinene (1.01%), and D- Limonene (0.51%). 

Sesquiterpenes, which comprise β-Caryophyllene (1.78%), α-Bergamotene (1.74%), 

Caryophyllene oxide (1.54%), and α-Humelene, were another group of phytochemicals 

found in COE (0.53%) (Shebaby et al., 2021). Because Lebanese COE contains around 

59 percent CBD (Shebaby et al., 2021), the doses of 10 and 20 mg/kg COE employed in 

our investigation were virtually like 5.9 and 11.8 mg/kg CBD, respectively. All these 

COE doses significantly reduced FT4 and FT3 levels. 
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The weight gain was observed in all tested groups except in group II which received 

PTU that showed body weight loss. In the thyroid hypofunction, an increase of protein 

catabolism occurred, with a consequent reduction of muscle mass; synthesis of proteins, 

vitamins, growth factors; reduction of intestinal absorption of carbohydrates; in addition 

to osteopenia (Allain et al., 1995).  Thus, the reduction of body weight in the animals 

treated with PTU as standard drug was already expected. In our experiment, both doses 

of COE yielded to  an insignificant variations in the morphology and the liver weight . 

However, both doses of COE yielded to an increase in the thyroid weight. This suggests 

that COE has partially restored the normal activity of the thyroid gland which is 

reflected in the average body weight as well as in the reduction of FT4 and FT3 

hormones. 
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5.1 Limitations 

• Thyroid histological analysis: Shape of the follicles, their size, coat and its filling 

should be done to check the changes between the five different groups. 

• The mean and standard deviation of morphometric analysis of the follicular 

epithelium in hypothyroid, hyperthyroid, and euthyroid male mice needed to be 

calculated. 

• Mouse Cage restricted number. The shortage in the cages had a huge drawback on 

my experiment where I was not able to calculate the food and water loss for each 

mouse.  

• Oral gavage feeding tube absence. I was in need for the oral gavage tube to ensure 

that the mouse ingested all the amount of the drug. I was using an IV rubber tube 

to complete the mission, but some mice were injured and huge loss in the dose 

was made. 

5.2. Visions and Consequences 
 

This study allowed elaborating an experimental protocol of the antithyroid activity of 

COE in adult male mice, which has not been previously described in the literature. 

Although research on the efficacy of thyroid problems is still in its early stages, current 

research on CBD's influence on hormonal activity is encouraging. However, the amount 

of evidence available is insufficient to classify CBD as a viable treatment for thyroid 

health issues; further clinical trials are required to reach this conclusion. 

CBD, through its interaction with the endocannabinoid system (ECS), enables 

individuals to take a different approach to controlling thyroid hormone levels in the 

blood. This, in turn, provides hope for people with thyroid diseases who are wary of 

traditional treatments. The majority of hypothyroidism and hyperthyroidism illnesses are 

treatable with a correctly regulated dose of thyroid hormone. A healthy diet and an 

active lifestyle might also help to alleviate symptoms. CBD oil can assist the body 

balance in its key activities, which can aid in thyroid treatment. CBD oil for thyroid 

disorders, on the other hand, is an issue that needs more research (Borowska, Magdalena 

et al. 2018). 
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This work contains ramifications and viewpoints that could serve as potential future 

research in this area. 
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CHAPTER SIX: CONCLUSION 
 

The present findings inferred that the gathering treated with the most noteworthy 

convergence of plant concentrate indicated great come about as that of the standard 

medication and was underpinned concentration of cannabis oil extract can possibly 

overcome hyperthyroidism in experimental BALB/c mice.  

The treatment of oil concentrate of root of Lebanese cannabis extract have indicated 

noteworthy changes in thyroid hormone levels in diverse exploratory gatherings of mice. 

The measurement of cannabis oil extract 20 mg/kg is found to be intense and strong 

towards the opposition to thyroid action, when contrasted and control. Lebanese 

Cannabis Sativa appears to exert its primary effect on the synthesis of the thyroid 

hormones, free thyroxine (FT4), free triiodothyronine (T3) and TSH through THC that 

can produce brief symptoms through stimulation of cannabinoid receptor-1 (CB1R); 

cannabinoids also block the hypothalamic–pituitary–thyroid (HPA) axis at the pituitary 

and thyroid gland levels. The fundamental hypothalamic hormone (TRH) stimulates 

production in the anterior pituitary, resulting in the release of thyrotropin or thyroid 

stimulating hormone in the HPA axis (TSH). TSH, once in the bloodstream, activates 

the thyroid gland, causing the release of FT3 and FT4 hormones. Through a feedback 

mechanism, unbound T3 and T4 restrict TRH release in the hypothalamus and TSH 

release in the anterior pituitary. The negative feedback mechanism then regulates the 

hypothalamic pituitary thyroid (HPT). 

 Our preliminary results are encouraging, but further studies are needed to clarify the 

exact mechanism behind the anti-thyroid activity of Lebanese cannabis oil extract to 

find out the mechanistic pathway involved in the reduction of hyperthyroidism by 

cannabinoids and other compounds. Thyroid hormone replacement therapy by a natural 

product such as cannabis oil extract is being monitored and under study. Future work 

should focus on isolating CBD & THC and to check the anti thyroidal effect of both. 
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APPENDICES 
 

Multiple Comparisons Table I 
Bonferroni   

Dependent 

Variable (I) Group (J) Group 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

FT4 Control TX -15.43600* 3.33107 .002 -25.9402 -4.9318 

PTU 7.72800 3.33107 .310 -2.7762 18.2322 

COEI -6.43600 3.33107 .676 -16.9402 4.0682 

COEII -7.66600 3.33107 .323 -18.1702 2.8382 

TX Control 15.43600* 3.33107 .002 4.9318 25.9402 

PTU 23.16400* 3.33107 .000 12.6598 33.6682 

COEI 9.00000 3.33107 .137 -1.5042 19.5042 

COEII 7.77000 3.33107 .302 -2.7342 18.2742 

PTU Control -7.72800 3.33107 .310 -18.2322 2.7762 

TX -23.16400* 3.33107 .000 -33.6682 -12.6598 

COEI -14.16400* 3.33107 .004 -24.6682 -3.6598 

COEII -15.39400* 3.33107 .002 -25.8982 -4.8898 

COEI Control 6.43600 3.33107 .676 -4.0682 16.9402 

TX -9.00000 3.33107 .137 -19.5042 1.5042 

PTU 14.16400* 3.33107 .004 3.6598 24.6682 

COEII -1.23000 3.33107 1.000 -11.7342 9.2742 

COEII Control 7.66600 3.33107 .323 -2.8382 18.1702 

TX -7.77000 3.33107 .302 -18.2742 2.7342 

PTU 15.39400* 3.33107 .002 4.8898 25.8982 

COEI 1.23000 3.33107 1.000 -9.2742 11.7342 

FT3 Control TX -13.12800* 1.90935 .000 -19.1490 -7.1070 

PTU -1.71600 1.90935 1.000 -7.7370 4.3050 

COEI -1.30000 1.90935 1.000 -7.3210 4.7210 

COEII .34000 1.90935 1.000 -5.6810 6.3610 

TX Control 13.12800* 1.90935 .000 7.1070 19.1490 

PTU 11.41200* 1.90935 .000 5.3910 17.4330 

COEI 11.82800* 1.90935 .000 5.8070 17.8490 

COEII 13.46800* 1.90935 .000 7.4470 19.4890 

PTU Control 1.71600 1.90935 1.000 -4.3050 7.7370 

TX -11.41200* 1.90935 .000 -17.4330 -5.3910 

COEI .41600 1.90935 1.000 -5.6050 6.4370 

COEII 2.05600 1.90935 1.000 -3.9650 8.0770 

COEI Control 1.30000 1.90935 1.000 -4.7210 7.3210 

TX -11.82800* 1.90935 .000 -17.8490 -5.8070 

PTU -.41600 1.90935 1.000 -6.4370 5.6050 

COEII 1.64000 1.90935 1.000 -4.3810 7.6610 

COEII Control -.34000 1.90935 1.000 -6.3610 5.6810 

TX -13.46800* 1.90935 .000 -19.4890 -7.4470 

PTU -2.05600 1.90935 1.000 -8.0770 3.9650 

COEI -1.64000 1.90935 1.000 -7.6610 4.3810 

*. The mean difference is significant at the 0.05 level. 
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Multiple Comparisons Table II 
Bonferroni   

Dependent 

Variable 

(I) 

GroupLiver 

(J) 

GroupLiver 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Liver Control TX -.07667 .24200 1.000 -.9434 .7900 

PTU -.27333 .24200 1.000 -1.1400 .5934 

COEI -.03667 .24200 1.000 -.9034 .8300 

COEII -.00333 .24200 1.000 -.8700 .8634 

TX Control .07667 .24200 1.000 -.7900 .9434 

PTU -.19667 .24200 1.000 -1.0634 .6700 

COEI .04000 .24200 1.000 -.8267 .9067 

COEII .07333 .24200 1.000 -.7934 .9400 

PTU Control .27333 .24200 1.000 -.5934 1.1400 

TX .19667 .24200 1.000 -.6700 1.0634 

COEI .23667 .24200 1.000 -.6300 1.1034 

COEII .27000 .24200 1.000 -.5967 1.1367 

COEI Control .03667 .24200 1.000 -.8300 .9034 

TX -.04000 .24200 1.000 -.9067 .8267 

PTU -.23667 .24200 1.000 -1.1034 .6300 

COEII .03333 .24200 1.000 -.8334 .9000 

COEII Control .00333 .24200 1.000 -.8634 .8700 

TX -.07333 .24200 1.000 -.9400 .7934 

PTU -.27000 .24200 1.000 -1.1367 .5967 

COEI -.03333 .24200 1.000 -.9000 .8334 

Thyroid Control TX -.47333* .05342 .000 -.6646 -.2820 

PTU -.39333* .05342 .000 -.5846 -.2020 

COEI -.13000 .05342 .352 -.3213 .0613 

COEII -.01667 .05342 1.000 -.2080 .1746 

TX Control .47333* .05342 .000 .2820 .6646 

PTU .08000 .05342 1.000 -.1113 .2713 

COEI .34333* .05342 .001 .1520 .5346 

COEII .45667* .05342 .000 .2654 .6480 

PTU Control .39333* .05342 .000 .2020 .5846 

TX -.08000 .05342 1.000 -.2713 .1113 

COEI .26333* .05342 .006 .0720 .4546 

COEII .37667* .05342 .000 .1854 .5680 

COEI Control .13000 .05342 .352 -.0613 .3213 

TX -.34333* .05342 .001 -.5346 -.1520 

PTU -.26333* .05342 .006 -.4546 -.0720 

COEII .11333 .05342 .599 -.0780 .3046 

COEII Control .01667 .05342 1.000 -.1746 .2080 

TX -.45667* .05342 .000 -.6480 -.2654 

PTU -.37667* .05342 .000 -.5680 -.1854 

COEI -.11333 .05342 .599 -.3046 .0780 

*. The mean difference is significant at the 0.05 level. 

 




