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ABSTRACT 

Hyperthyroidism is defined as the excess production and release of thyroid 

hormones by the thyroid gland resulting in inappropriately high serum levels. The 

most common causes include diffuse toxic goiter, toxic multinodular goiter and 

toxic adenoma. Integration of traditional medicine in the management and treatment 

of hyperthyroidism has been recommended by the World Health Organization since 

1978. Traditional medicine strategy by WHO aims to support member states in 

developing proactive policies and implementing action plans that will strengthen the 

role traditional medicine plays in keeping populations healthy. Myrica salicifolia is a 

shrub of 1 m in height but can grow into a tree of up to 20 m, is usually aromatic and 

resinous. It belongs to the family Myricaceae found mostly in temperate to 

subtropical regions of the world. The aim of this study was to determine Antithyroid 

activity of Myrica salicifolia (bayberry) methanol root extract (MSRE) in 

levothyroxine-induced hyperthyroidism in male wistar albino rats. The study 

adopted an experimental study design and the study site was the SAFARI animal 

House of JKUAT. Forty-five male wistar albino rats, acquired from the SAFARI 

animal house were randomly divided into five groups. The first group served as the 

normal control and received distilled water only. At the onset of the experiment, rats 

in 2nd, 3rd, 4th and 5th groups were treated with levothyroxine in order to induce 

hyperthyroidism. Three rats from Group 2 were sacrificed on day 14 and blood 

serum processed for immediate confirmation of induction of hyperthyroidism 

through chemiluminescence assay test for TSH and T3. Subsequently, from day 15 

of experiment GP3 rats were treated with propylthiouracil, GP4 treated with low 

dose of MSRE (200mg/kg) and GP5 treated with high dose MSRE (400mg/kg) for a 

period of 21 days post-induction. During the course of the experiment the rats were 

closely observed daily for any behavioral and clinical changes and body weights 

recorded weekly. Serial sacrifice of three animals per group was done on days 21 

and 28 and experiment terminated on day 35. Prior to euthanization, using CO2 gas, 

the rats were fasted for 12 hours. Fresh blood samples were obtained through 

intracardiac puncture for determining TSH and T3 levels and the thyroid gland 

harvested for microscopic examination. Prior to the animal experiment, 

phytochemical screening of the Myrica salicifolia root extract was done and it was 

found to contain alkaloids, flavonoids sterols, phenolics and tannins. Acute oral 

toxicity tests of the extract on LT4 induced hyperthyroid rats were also carried out at 

different doses of extract, from 10mg/kg to 5000mg/kg body weight. No mortality 

nor significant behavioral changes were recorded except for some overcrowding and 

reduced activity for rats administered with 5000mg/kg body weight of the root 

extract. From the current study the LD50 of M. salicifolia root extract was found to 

be > 5000 mg/kg body weight. Data analysis for hormone levels was undertaken 

using Statistical Package for Social Sciences (SPSS) -Version 21.0). Median 

(Interquartile range-IQR) and Kruskal Wallis test were employed in the analysis and 

p-value < 0.05 was considered statistically significant. Levothyroxine administration 

altered thyroid function by significantly decreasing serum levels of TSH (p=0.0162) 

and significantly increasing T3 (p= 0.0081) serum levels in group 2 rats sacrificed 

on day 14, confirming successful induction of hyperthyroidism. Treatment with the 
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standard drug, PTU, reversed the trend by significantly increasing serum TSH levels 

on days 21 (p=0.0022), day 28 (p=0.0055) and day 35 (p=0.0175) and decreasing T3 

serum levels significantly on days 28 (p=0.0066) and 35 (p=0.0016) post-treatment. 

Following treatment with low dose (200mg/kg body weight) MSRE (GP4), there 

was no significant change in hormone levels (p>0.05). Treatment with high dose 

MSRE (GP5) led to significant decrease of T3 serum levels on day 28 (p=0.0235) 

and day 35 (p=0.0398) accompanied by non-significant increase of TSH. Comparing 

serum levels of TSH and T3 between groups treated with PTU and high dose MSRE 

did not show any significant difference over the treatment period.   Histological 

analysis of thyroid gland in normal control rats (GP1) showed normal cuboidal 

epithelial cells and follicles full of colloidal material.  Histopathology of thyroid 

gland showed marked changes in the follicular cells of the treated male wistar albino 

rats, as compared to the positive control and normal control groups. Thyroid follicles 

in hyperthyroid but untreated rats (GP2) were atrophied and contained scanty colloid 

material. Histological examination of thyroid glands from formerly hyperthyroid rats 

treated with PTU (GP3) and MSRE showed normal cuboidal epithelium and 

follicles containing colloid. This study concludes that MSRE has shown anti-thyroid 

activity especially at high doses of 400mg/kg. The MSRE at high doses has 

comparable activity to the standard drug (PTU) in the treatment of hyperthyroidism.
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CHAPTER ONE 

INTRODUCTION 

1.1 Background information 

Hyperthyroidism occurs due to an inappropriately high synthesis and secretion of 

thyroid hormones by the thyroid gland (Bahn et al, 2011). Thyroid hormones 

increases tissue thermogenesis and the basal metabolic rate, and reduce serum 

cholesterol levels and systemic vascular resistance. The complications of untreated 

hyperthyroidism include weight loss, osteoporosis, fragility fractures, atrial 

fibrillation, embolic events, and cardiovascular dysfunction (Bartalena et al., 2013). 

The prevalence of hyperthyroidism is 1.2–1.6, 0.5–0.6 overt and 0.7–1.0% 

subclinical (Ross et al., 2016). The most frequent causes are Graves’ disease (GD) 

and toxic nodular goiter. GD is the most prevalent cause of hyperthyroidism in 

iodine-replete geographical areas, with 20–30 annual cases per 100,000 individuals 

(Smith et al., 2016). GD occurs more often in women and has a population 

prevalence of 1–1.5%. Approximately 3% of women and 0.5% of men develop GD 

during their lifetime (Nystrom et al., 2013). The prevalence of hyperthyroidism in 

the United States is approximately 1.2% (0.5% overt and 0.7% subclinical) 

(Zimmerman et al., 2015). In Africa the epidemiology of thyroid dysfunction has 

proved more challenging to monitor due to a lack of comprehensive population-

based studies (Okosieme et al., 2016). Existing studies are largely sourced from 

hospital-based cohorts that exclude large segments of the rural population and are 

unlikely to be representative of the general population (Ogbera et al, 2011). Recent 

hospital-based studies from Ghana show that contrary to earlier reports, Graves’ 

disease is not uncommon, comprising 54% of all cases of thyroid dysfunction (Sarfo 

et al., 2017). While this may be due to improvements in iodine nutrition, subsequent, 

subsequent studies in the aftermath of iodization in Ghana have shown marked 

increases in the incidence of both Graves’ disease and nodular disease suggesting a 

role for improved diagnosis (Sarfo et al., 2017). It is instructive to note that 

thyrotoxicosis is a notable cause of cardiac morbidity in this part of the word. In a 

report from Togo, cardiac complications were documented in 46.6% of patients with 
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thyrotoxicosis. (Ogbera et al, 2011). At present, more than 80% of the world’s 

population relies on ethnopharmacologic healing modalities and plants for their 

primary health care and wellness (Pan et al., 2018) Due to cultural acceptability, 

physical accessibility, and economic affordability as compared with modern 

medicine, traditional medicines are used widely in Ethiopia (Asnake et al., 2015) 

and it is estimated that about 90% of the population is dependent on traditional 

medicine, essentially plants (Nureyev et al., 2018). Myrica salicifolia A Rich 

(Myricaceae) is a shrub of 1 m in height and is found in several central and east 

Africa countries such as Burundi, Ethiopia, Kenya, Malawi, Rwanda, Tanzania, 

Uganda, and Zaire (Bordolo et al., 2014). In Kenya M. salicifolia is known by the 

number of vernacular names in Kenya, Olkitoloswa (Maasai), Mukikia, Muthogoya 

(Kikuyu) Kibogen (Marakwet) and Kabuneto (Kipsigis) (Korir et al., 2015). In the 

Marakwet community in Kenya, its powder is taken to treat hyperthyroidism (Korir 

et al., 2015). The study indicates that local people along with local herbalists use M. 

salicifolia root and bark extract for aliment of different disease such as chest 

congestion, pneumonia, diarrhea, nervous disorders, diabetes, hypertension, and 

respiratory diseases (Maara et al., 2014). To verify the traditional uses of M. 

salicifolia, various in vitro and in vivo studies have been conducted. The studies 

showed that this plant has most of the claimed activities, including antibacterial 

activities against gram negative bacterial strains namely Pseudomonas aeruginosa, 

Klebsiella oxytoca, Proteus mirabilis, Klebsiella pneumoniae, Salmonella kisarawe, 

Salmonella typhi, and Escherichia coli. (Kilonzo et al., 2016). The plant is a cough 

suppressant, and possesses wound healing and aphrodisiac activities (Kariuki et al., 

2014) Studies have shown that the root extract of M. salicifolia is a non-hypnotic 

central nervous system depressant with muscle reluctant, analgesic, hypothermic, 

and antipyretic properties Kariuki et al.,2014). Its widely used herbal leaf extract 

proved to be a central nervous system depressant effect (Eshete et al., 2016). Similar 

study reveals that the root of M. salicifolia is used as slow acting medicine in 

stomach problems and headache (symptoms associated with malaria), the barks are 

chewed for toothache problem whereas powdered young leaves are used to treat skin 

infections (Gakio et al., 2004).The root part of M. salicifolia has been used in the 

treatment of malaria orally as claimed in Ethiopia and Uganda (Seifu et al., 2020). 
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This study is designed to evaluate the antithyroid activity of Myrica salicifolia 

(bayberry) methanol root extract in levothyroxine-induced hyperthyroidism in male 

Rats. 

1.2 Statement of the Problem 

The prevalence of overt hyperthyroidism ranges from 0.2 to 1.3% in iodine 

sufficient parts of the world (Garmendia et al 2014). In the UK Wickham study, the 

incidence of hyperthyroidism was estimated at between 100-200 cases per 100,000 a 

year with a prevalence of 2.7% in women and 0.23% in men (Smith et al., 2016). 

Internationally, 2.2 billion people worldwide are at risk for iodine deficiency 

disorder and of these persons, 30–70% have goiter and 1–10% have cretinism. 

(Ogbera et al., 2016). 12% of the US population may develop a thyroid disorder in 

their lifetime (Wieland et al., 2022). In a report from Togo, cardiac complications 

were documented in 46.6% of patients with hyperthyroidism (Bould et., 2012). 

Incident of hyperthyroidism, reported to be higher in iodine deficient areas despite 

90% consumption of iodized salt by Kenyans (KNBS, 2010). Prevalence of iodine 

deficiency was 36.8 % in Kenya and 50% in coastal region, survey done in 2006 

(Anderson et al., 2007). Study in western Kenya, autoimmune thyroid disorders had 

a prevalence of 7.2% (Iddah et al., 2013). In a retrospective review of all the 

thyroidectomies that were done in Kijabe hospital in Kenya, 220 thyroidectomies 

were performed   between 1999 and 2001 (hill et al., 2005).The commonest 

pathological diagnosis was multinodular goiter (47%), and Graves’ disease at 13 % 

(hill et al 2005) .The mortality rate was at 0.5% and the morbidity rate was at 3.6%.( 

hill et al., 2005). In most of the rural hospitals in Kenya, alternative therapy for 

Graves’ disease is simply not available for the average rural Kenyan (Wagana et al., 

2004). In a study conducted at Kenyatta national hospital, 36% of patients with 

hyperthyroidism had hypertension while 9% had diabetes mellitus. In most of the 

rural hospitals in Kenya, conventional therapy for Graves’ disease is simply not 

available for the average rural Kenyan(Waganaetal.,2004). 

Studies showing the effectiveness and mode of action of MSRE are lacking yet the 

plant is being used (Korir et al.,2015) Poor related quality of life, side effects 
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tolerable but not desirable, associated with conventional medicines (Bahn et al., 

2009).  

1.3 Justification 

More than 60 % of the world population, 80% of which is in the developing 

countries depend on traditional medicine (Bannerman & Burton 1983). Myrica 

salicifolia has gained a lot of popularity in the management of thyroid diseases 

including hyperthyroidism even without scientific evidence on its efficacy in 

Kenyan communities (Korir et al., 2015). Study on its antithyroid activity, mode of 

action and its effectiveness in the management of hyperthyroidism will help to 

generate data that could possibly authenticate its claimed efficacy. Results will also 

be disseminated to health workers to give appropriate advice to the community on 

the medicinal value of Myrica salicifolia in the management of hyperthyroidism. 

Data from this study will also create an impetus for further studies especially 

isolation and identification of candidate bioactive molecule/s that may be helpful for 

future pharmacological intervention. 

1.4 Research Questions 

1. What are the phytochemical compounds found in Myrica salicifolia 

methanol root extract? 

2. What is the acute oral toxicity profile of Myrica salicifolia in male albino 

rats?  

3. What are the serum levels of T3 in levothyroxine-induced hyperthyroidism 

in male wistar albino rats before and after treatment with Myrica salicifolia 

methanol root extract?  

4. What are the serum levels of TSH in levothyroxine-induced hyperthyroidism 

in male wistar albino rats before and after treatment with Myrica salicifolia 

methanol root extract? 

5. What is the thyroid gland histological changes in levothyroxine-induced 

hyperthyroidism in male wistar albino rats before and after treatment with 

Myrica salicifolia methanol root extract? 
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1.5 Objectives of the study 

1.5.1 Broad Objectives 

To determine the antithyroid activity of Myrica salicifolia (bayberry) methanol root 

extract in levothyroxine-induced hyperthyroidism in male wistar albino rats 

1.5.2 Specific Objectives 

1. To determine the phytochemical compounds in Myrica salicifolia methanol 

root extract. 

2. To determine the acute toxicity profile of Myrica salicifolia in male wistar 

albino rats 

3. To determine the serum levels of T3 in levothyroxine-induced 

hyperthyroidism in male wistar albino rats before and after treatment with 

Myrica salicifolia methanol root extract. 

4. To determine the serum levels of TSH levothyroxine-induced 

hyperthyroidism in male wistar albino rats before and after treatment with 

Myrica salicifolia methanol root extract? 

5. To determine the thyroid gland histological changes in levothyroxine-

induced hyperthyroidism in male wistar albino rats before and after treatment 

with Myrica salicifolia methanol root extract? 

1.6 Hypothesis 

H0:  Myrica salicifolia methanol extract has no anti-thyroid activity in 

levothyroxine-induced hyperthyroidism in male wistar albino rats. 

H1: There is antithyroid activity of Myrica salicifolia methanol root extract in 

levothyroxine-induced hyperthyroidism in male wistar albino rats. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

Hormones are chemical messengers secreted by glands, some of which are produced 

in the endocrine system to regulate various tissue activities.  Thyroid secretes two 

metabolically important hormones i.e Triiodothyronine (T3) and Thyroxin (T4). 

Thyroid hormones control various metabolic activities essential for energy, growth, 

and development of the body. 

2.2 The Thyroid Gland 

The thyroid gland is a midline structure located in the anterior neck. The thyroid 

functions as an endocrine gland and is responsible for producing thyroid hormone 

and calcitonin, thus contributing to the regulation of metabolism, growth, and serum 

concentrations of electrolytes such as calcium. (Ilahi A, Muco E, Ilahi TB. 

StatPearls, 2021). The thyroid gland in adults is divided into two lobes that are 

connected by the isthmus, which crosses the midline of the upper trachea at the 

second and third tracheal rings. In its anatomic position, the thyroid gland lies 

posterior to the sternothyroid and stern hyoid muscles, wrapping around the cricoid 

cartilage and tracheal rings. It is located inferior to the laryngeal thyroid cartilage, 

typically corresponding to the vertebral levels C5-T1. The thyroid attaches to the 

trachea via a consolidation of connective tissue, referred to as the lateral suspensory 

ligament or Berry’s ligament. This ligament connects each of the thyroid lobes to the 

trachea. The thyroid gland, along with the esophagus, pharynx, and trachea, is found 

within the visceral compartment of the neck which is bound by pretracheal fascia. 

(Allen E, Fingeret A. 2021). It starts cranially at the oblique line on the thyroid 

cartilage (just below the laryngeal prominence, or 'Adam's Apple'), and extends 

inferiorly to approximately the fifth or sixth tracheal ring. It is a highly vascular 

gland that weighs about 12 to 20g and is surrounded by a fibrous capsule. The lobes 

are roughly cone-shaped, about 5 cm long and 3 cm wide. These glands derive from 

the fourth pharyngeal pouch. They are classically located near the posterolateral 
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aspect of the superior pole of the thyroid, 1cm superior to the junction of the 

recurrent laryngeal nerve (RLN), and the inferior thyroid artery. They classically lie 

deep to the plane of the recurrent laryngeal nerve. (Ilahi A, Muco E, Ilahi TB, 2021). 

The thyroid gland produces hormones thyroxine (T4) and triiodothyronine (T3) that 

regulate body metabolism, growth, and development. Thyroid dysfunction afflicts 

almost 100 million people worldwide (Pierre Gillotay et al, 2020).  

The hypothalamus-pituitary-thyroid axis regulates biosynthesis and production of 

thyroid hormones through a negative feedback loop at the level of pituitary gland 

and hypothalamus (Bassett et al., 2011). Activities of the thyroid gland are 

positively controlled by the thyroid stimulating hormone (TSH) that is synthesized 

and secreted through the pituitary thyrotrophs. Activities of TSH are in turn 

regulated by the hypothalamic TSH-releasing hormone (TRH).  

Physiologically, long negative feedback is occasioned by the suppression of TRH 

and TSH secretion by circulating thyroid hormones, which subsequently allows for 

regulation of thyroid activities. Moreover, there are shorter feedback loops that 

occur during the suppression of TRH and TSH (Prummel et al., 2004). Any mishap 

during this regulatory process may culminate in excess hormone production due to 

dysregulation of thyroid activities thereby causing serious health complications. 

Iodine is also an important ingredient for proper production of thyroid (Kelly, 2000) 

2.2.1 Thyrotropin Releasing Hormone 

The activity of the thyroid gland is predominantly regulated by the concentration of 

the pituitary glycoprotein hormone, thyroid-stimulating hormone (TSH). In the 

absence of the pituitary or of thyrotroph function, hypothyroidism ensues. Thus, 

regulation of thyroid function in normal individuals is to a large extent determined 

by the factors which regulate the synthesis and secretion of TSH. Those factors are 

reviewed in this section and consist principally of thyrotropin-releasing hormone 

(TRH) and the feedback effects of circulating thyroid hormones at the hypothalamic 

and pituitary levels. (Mariotti S, Beck-Peccoz P, 2021). Immunocytochemical 

techniques can be utilized to localize TRH in nerve terminals of the Median 

eminence, in hypothalamic nuclei and brain areas, such as septum, brain stem or 
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nucleus accumbens, where it performs a neuromodulatory role (Gary et al. 2003) 

Studies have shown that the TRH–hypophysiotropic cells in rats are located in the 

caudal PVN and medial (Fekete et al. 2000). In anterior pituitary TRH stimulates, 

synthesizes and releases TSH and prolactin (PRL) from thyrotrophs and lactotrophs, 

respectively (Galas et al. 2009). TRH binds to TRH receptor (TRHR1) at different 

sites of the transmembrane and extracellular domains. The latter is proposed as the 

initial site of interaction, which explains the slow transformation and low binding 

affinity to a tightly bound conformation with the movement of TRH to the 

transmembrane site (Engel & Gershengorn 2007).  

2.2.2 T3 and T4 Production and Action 

Synthesis of thyroxine (T4) occurs via follicular cells from free tyrosine and on the 

tyrosine residues of the protein called thyroglobulin (Ekholm and Bjorkman, 1997). 

Approximately 80% of the T4 is converted to T3 by peripheral organs such as the 

liver, kidney, and spleen (Robert et al. 1993). About 93 per cent of the metabolically 

active hormone secreted by the thyroid gland is thyroxine and 7 percent 

triiodothyronine. (Jack De, 2001). 

 

 Figure 2.1: Thyroxine hormone structure 

 

 Figure 2.2: Triiodothyronine hormone structure 
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2.2.3 Regulation of thyroid hormone production and function 

The main hormones produced by the thyroid gland are thyroxine or 

tetraiodothyronine (T4) and triiodothyronine (T3). Thyrotropin-releasing hormone 

(TRH) from the hypothalamus, thyroid-stimulating hormone (TSH) from the 

anterior pituitary gland, and T4 work in synchronous harmony to maintain proper 

feedback mechanism and homeostasis. (Shahid MA et al. 2021). T4 and/or T3 exert a 

negative feedback effect on the pituitary secretion of TSH, and on the TRH, which 

controls the amount of TSH in the blood. TRH from the hypothalamus stimulates the 

pituitary gland to release TSH and modulates the gland’s sensitivity to negative 

feedback by thyroid hormone. Thus, circulation levels of thyroid hormones, and the 

balance between different forms of these hormones, are controlled by various 

processes (Shahid MA et al. 2006). 

TSH binds to TSH receptor (TSH-R) on the thyroid cell membrane, a GPCR which 

stimulates the Gs’-adenylyl cyclase-cyclic AMP pathway. Thus, stimulation of the 

receptor results in increased cAMP formation which mediates increase in uptake and 

transport of iodide, iodination of thyroglobulin, and synthesis of iodo tyrosine. TSH 

binding to TSH-R also stimulates phospholipase C leading to thyroid cell 

hypertrophy. Chronic TSH stimulation causes the entire gland to hypertrophy 

causing a goiter in the case of iodine deficiency (Wilber, 1998) 

2.2.4 Biosynthesis of thyroid hormones 

The formation of the thyroid hormones depends on an exogenous supply of iodide. 

The thyroid gland is unique in that it is the only tissue of the body able to 

accumulate iodine in large quantities and incorporate it into hormones. 

Iodine-Essential for Thyroid Hormone Synthesis 

● Iodine is an essential raw material for thyroid hormone synthesis. 

● The minimum daily iodine intake that will maintain normal thyroid 

function is 150μg. 

● Average dietary intake is approximately 500μg/day. 
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● About 120μg/day enters the thyroid. 

● The thyroid secretes 80μ/day in the form of T3 and T4. 

● 40μg/day diffuses back into the extracellular fluid (ECF) 

2.2.4.1 Active uptake of iodide by the follicular cells 

• The first stage in the formation of thyroid hormones is transport of iodides from 

the blood into the thyroid glandular cells and follicles. 

• The basal membrane of the thyroid cell has the specific ability to pump the iodide 

actively to the interior of the cell. This is called iodide trapping. 

• The Basolateral membrane of thyroid cell possesses a pump called sodium/iodide 

symporter, which transports two sodium ions and one Iodide ion into the cell with 

each cycle, against the electrochemical gradient for iodide (Cardona et al., 2005) 

2.2.4.2 Oxidation and iodination 

• The oxidation of iodide to its active form of iodine and the iodination of tyrosine 

are catalyzed by thyroid peroxidase, a heme-containing glycoprotein bound to the 

apical membrane of thyroid cells that utilizes hydrogen peroxide as the oxidant. 

• This iodine is then capable of combining directly with the amino acid tyrosine 

residues on the thyroglobulin (organification) 

• This process occurs at the apical membrane of thyrocytes, facing the colloid. 

• Tyrosine is first iodized to monoiodotyrosine and then to diiodotyrosine. 

(Vaisman, et al., 2004) 

2.2.4.3 Coupling reaction 

• The final step in the process of hormone synthesis is the coupling of two 

appropriate iodotyrosine residues, giving an iodothyronine residue 

• T4 is formed by condensation of two molecules of DIT. 
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• T3 is formed by condensation of MIT with DIT. 

• The reaction is catalyzed by thyroid peroxidase (TPO) and requires hydrogen 

peroxide which is the cofactor for TPO. (Ekholm, et al 1997) 

2.2.4.4 Release of thyroid hormones 

• Thyroglobulin is secreted into the circulation by Proteolysis. 

• Thyroglobulin appears as intracellular colloid droplets (endocytosis) which 

apparently fuse with lysosomes containing the requisite proteolytic enzymes. 

• Protease enzymes digest the thyroglobulin molecules and release T3 and T4 and 

diffuse through the base of the thyroid cell into the blood. 

2.2.4.5 Peripheral conversion of T4 to T3 

• Mono-deiodination of T4 in peripheral tissues accounts for about 80% of 

circulating T3. 

• The major nonthyroidal site of conversion of T4 to T3 is the liver 

• Removal of the 5′-or outer ring iodine leads to the formation of T3 in the 

“activating” metabolic pathway. 

• The type I 5′-deiodinase (D1) is expressed in the liver, kidney and thyroid; 

generates circulating T3 that is used by most peripheral target tissues. 

• Type II 5′-deiodinase (D2) is expressed in the brain, pituitary, skeletal and cardiac 

muscle; supplies intracellular T3 to these tissues. (Benvenga et al., 2005) 

Although T4 and T3 are mainly metabolized in the liver, they may also be 

metabolized in other tissues, such as the brain, and can also occur (Mildred et al. 

2003). T4 is metabolized in the liver by removal of the 5 iodide, which yields T3 or 

rT3 (Hardman and Limbird, 2001). 
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Thyroxine-binding protein (TBG) regulates the FT4 and is a good approximate 

thyroxine-binding function of the blood (Ramnik, 1999). Normal values for TBG are 

12-28(1g/ml (Ramnik, 1999). 

2.2.5 Thyroid hormone receptor 

The thyroid hormone receptor (TR) is a type of nuclear receptor. Thyroid hormones 

act by binding to nuclear thyroid hormone receptors (TRs) α and β. Both the 

receptors are variably spliced to form unique isoforms. There are three isoforms of 

the thyroid hormone receptor designated as α-1, β-1 and β-2 that are able to bind 

thyroid hormones. The relative levels of expression of the isoforms among the 

organs are 

• TR-α1 –expressed in cardiac and skeletal muscles 

• TR-β1 -expressed in brain, liver and kidney 

• TR-β2 -expression primarily limited to the hypothalamus and pituitary 

The thyroid receptor contains a central DNA-binding domain and a C-terminal 

ligand binding domain. They bind to specific DNA sequences named Thyroid 

Response Elements (TREs), in the promoter region of the target genes. The receptor 

binds as homodimer or as heterodimers with retinoic acid X receptors (RXRs). The 

activated receptor can either stimulate gene transcription or inhibit transcription 

depending on the nature of regulatory elements in the target genes. Binding of 

thyroid hormone, results in a conformational change in TR which displaces 

corepressor from the receptor/DNA complex and allows the recruitment of 

coactivator proteins. The DNA/TR/co-activator complex thus enhances transcription 

by recruiting RNA polymerase that transcribes downstream DNA into messenger 

RNA and new proteins are synthesized, which results in a change in cell function.  



13 

2.3 Impact of thyroid hormone on the histological composition of the thyroid 

gland 

2.3.1 Capsules of Thyroid 

Two capsules entirely cover the thyroid gland. 

1. True – peripheral condensation of the glandular tissue 

2. False – the pretracheal layer of deep cervical fascia 

The gland is surrounded by a thin fibro-elastic (true) capsule. This capsule, in turn, 

is covered by a pretracheal fascia from the outside and acts as a false capsule. The 

true capsule gives rise to septa deep into the parenchyma dividing the gland into 

lobules. The septa give passage for the blood vessels, nerves, and lymphatics into 

the gland. Each lobule is made of aggregation of follicles, which are the structural 

and functional units of the thyroid gland. The follicles are lined by follicular cells 

(simple) that rest on the basement membrane and have a cavity filled with a 

homogenous gelatinous material called the colloid. The colloid is composed of 

thyroglobulin, an iodinated glycoprotein, which is an inactive storage form of 

thyroid hormone (lee et al., 2016). The space between the follicles is filled with 

connective tissue stroma, numerous capillaries, and lymphatics. It is the only 

endocrine gland whose secretory products are stored in such great quantity and that 

too extracellular. In between the follicles are the parafollicular cells, also known as 

C-cell. 

The follicular cells are the lining cells of a thyroid follicle. They vary in size, 

depending on the activity. When the follicles are in the resting (inactive) stage, the 

follicular cells are flat simple squamous with abundant colloid within the cavity 

(Petrova et al., 2014) When the follicles are highly active, the follicular cells are 

simple columnar with scanty colloid. In a normal state of follicles during average 

activity, the cells are simple cuboidal, and the cavity is filled with a moderate 

amount of colloid. But it is also possible for different cells to show different levels 

of activity within the same thyroid tissue (Shoyele et al., 2019).  The thyroid-

stimulating hormone (TSH) secreted by the anterior pituitary gland not only affects 
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the changes in the follicular cells but also the thyroid follicles and the activity of the 

gland itself. TSH stimulation occurs when there is a low level of iodine in the 

diet by a negative feedback mechanism on pituitary thyrotrophs. TSH not only 

increases the size of the follicular cells (hypertrophy) but also increases the number 

of follicular cells (hyperplasia). Thus, under the influence of the TSH, the follicular 

cells become tall and columnar, demonstrating the heavy activity of the follicular 

cells and the follicles. The TSH also enhances the exocytosis, synthesis, and 

iodination of thyroglobulin. It also enhances endocytosis and intracellular 

breakdown of colloid. Thus, the intraluminal colloid is greatly reduced, which 

manifests externally by the enlargement of the thyroid gland. Usually, enlargement 

of the thyroid gland is called goiter, which is a diseased state. But in this condition, 

the enlargement of the thyroid gland is because of the hypertrophy and hyperplasia 

of the parenchyma. Hence it is called parenchymatous goiter (Yildirim et al., 

2017). This condition differentiates from another type of goiter where the 

enlargement is not because of the hypertrophy and hyperplasia of the parenchyma 

but due to an increase in the production of colloid within the thyroid follicle. This 

condition is known as colloid goiter. (Yildirim et al., 2017)   If this condition 

becomes long standing with recurrent stages of hyperplasia and involution, it leads 

to a more irregular enlargement as a multinodular goiter (DeLellis et al., 1993) They 

later also show fibrosis, calcification, cystic changes, and hemorrhagic spots. 

If there is no stimulation of TSH, it leads to a decrease in the size of follicular cells 

to the cuboidal and later squamous cells. 

In Graves's disease, the follicular cells are tall, columnar, overcrowded, which 

results in the formation of small papillae. These papillae will project into the 

follicular lumen. The colloid is pale and shows scalloped margins. The interstitium 

becomes infiltrated with T lymphocytes 

TSH is released into the blood and binds to the thyroid-releasing hormone receptor 

(TSH-R) on the basolateral aspect of the thyroid follicular cell. The TSH-R is a Gs-

protein coupled receptor, and its activation leads to the activation of adenylyl 

cyclase and intracellular levels of cAMP.  The increased cAMP activates protein 
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kinase A (PKA). PKA phosphorylates different proteins to modify their functions 

(Muhammad et al 2021). Research in 2015 showed histological appearance of 

thyroid glands of the control animals were normal whereas the epithelial linings 

were small with mid-sized follicles compared to the lower epithelium linings that 

had larger follicles (Njia et al., 2015). In the treatment group, the thyroid follicles 

were larger and distended because of colloid accumulation (Njia et al., 2015). In this 

case, the follicles were characterized by flat thyrocytes composed of oval nuclei due 

to high chromatin density. Furthermore, some of the lumen of the irregular follicles 

contains desquamated thyrocytes (Njia et al., 2015).   

2.4 Thyroid Disorders 

Excess thyroxin causes hyperthyroidism (e.g. Graves’ disease); specifically, this 

clinical syndrome is attributable to excessive free tri-iodothyronine, free thyroxin, or 

both (Guyton et al. 2020).  

2.4.1 Hyperthyroidism 

Hyperthyroidism, often referred to as an 'overactive thyroid', is a condition in which 

the thyroid gland produces and secretes excessive amounts of the free thyroid 

hormones: triiodothyronine (T3) and/or thyroxine (T4). Thyrotoxicosis is defined as 

the state of elevated serum levels of T4 (>142mmol/L) and/or T3 (>2.92mmol/L) 

which is caused due to hyperthyroidism. (Dunn et al 2000). The most common cause 

of hyperthyroidism in the western world is Graves’ disease, which accounts for 90% 

of cases. This form of hyperthyroidism may affect any age group, but it is 

uncommon in childhood and most frequent in the third to fifth decades. Women are 

affected about 10 times more than men. In the UK the prevalence of overt 

hyperthyroidism is 20 per 1000 females and 2 per 1000 males. (Cantril et al., 1996) 

According to British medical bulletin, the incidence data available for overt 

hyperthyroidism in men and women from large population studies are comparable, 

at 0.4 per 1000 women and 0.1 per 1000 men, but the age-specific incidence varies 

considerably. The peak age-specific incidence of Graves' disease was between 20 

and 49 years in two studies, but increased with age in Iceland and peaked at 60–69 

years in Sweden. The peak age specific incidence of hyperthyroidism caused by 
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toxic nodular goiter and autonomously functioning thyroid adenomas in the Sweden 

study was >80 years. The only available data in a black population, from 

Johannesburg, South Africa, also suggest a 10-fold lower annual incidence of 

hyperthyroidism (0.09 per 1000 women and 0.007 per 1000 men) than in whites. 

(Mark et al., 2009). The incidence of hyperthyroidism from toxic multi nodular 

goiters (TMG) ranges from 9% to 16% per 100,000 has been reported. This is the 

most common cause of new-onset hyperthyroidism in adults in the fifth or sixth 

decade of life. Single toxic adenomas are less common; an incidence of 12.6% was 

noted in the United States, and a higher incidence of 9% was noted in Europe. 

Postpartum thyroiditis develops in 4% to 8% of women after delivery and in as 

many as 25% of women with insulin-dependent diabetes. The prevalence of 

hyperthyroidism has been studied in several studies. In an epidemiological study 

from Cochin, subclinical and overt hyperthyroidism were present in 1.6% and 1.3% 

of subjects participating in a community survey. In a hospital-based study of women 

from Pondicherry, subclinical and overt hypothyroidism were present in 0.6% and 

1.2% of subjects. More than a third of community-detected hyperthyroid cases have 

positive anti-TPO antibodies, and about 39% of these subjects have a goiter. 

Population studies have suggested that about 16.7% of adult subjects have 

antithyroid peroxidase (TPO) antibodies and about 12.1% have anti-thyroglobulin 

(TG) antibodies. In this same study of 971 subjects, when subjects with abnormal 

thyroid function were excluded, the prevalence of anti-TPO and anti-TG antibodies 

was 9.5% and 8.5%. 

The Indian Council of Medical Research established the National Cancer Registry 

Program, and the NCRP has collected the data of more than 3, 00,000 cancer 

patients between the periods 1984 and 1993. Among these patients, the NCRP noted 

5614 cases of thyroid cancer, and this included 3617 females and 2007 males. The 

six centers involved in the studies were at Mumbai, Delhi, Thiruvananthapuram, 

Dibrugarh, Chandigarh, and Chennai. Among them, Thiruvananthapuram had the 

highest relative frequency of cases of thyroid cancer among all cancer cases enrolled 

in the hospital registry, 1.99% among males and 5.71% among females. The 

nationwide relative frequency of thyroid cancer among all the cancer cases was 

0.2%. The age-adjusted incidence rates of thyroid cancer per 100,000 are about 1 for 
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males and 1.8 for females as per the Mumbai Cancer Registry, which covered a 

population of 9.81 million subjects. (Ambika et al., 2009). 

2.4.2 The causes of hyperthyroidism  

The thyroid is a gland in the neck that produces two thyroid hormones, thyroxine 

(T4) and triiodothyronine (T3). Thyroxine is inactive and is converted by the tissues 

and organs that need it into triiodothyronine. The role of thyroid hormones, put 

simply, is to regulate the metabolism of virtually all cells in the body. In health, the 

production of these thyroid hormones is tightly regulated by the secretion of thyroid 

stimulating hormone (TSH; also known as thyrotropin) from the pituitary gland in 

the brain. When the thyroid gland becomes affected by the disease, sometimes the 

production or release of thyroxine and triiodothyronine can be abnormally high, 

leading to increased levels in the blood; a state of thyroid over activity known as 

hyperthyroidism or thyrotoxicosis. If this happens, the body’s metabolism speeds up 

and this can be manifested by changes in various, and seemingly unrelated tissues, 

that are listed below. In this state of hyperthyroidism, a blood test will show an 

elevated amount of these thyroid hormones circulating. Conversely, the TSH level in 

the blood almost always becomes suppressed, because the pituitary gland senses 

(‘sees’) the abnormally high levels of thyroid hormones, which are more than is 

needed by the brain. The prevalence of hyperthyroidism is about 1% and it is about 

six times more common in women.  In autoimmune thyroid over activity, the thyroid 

cells are stimulated by an abnormal antibody which is specifically targeted at the 

TSH-receptor on the thyroid gland causing stimulation of the thyroid to produce 

excess hormones. This also causes the thyroid cells to grow, and together with 

immune cells congregating in the gland, this leads to thyroid enlargement, called 

goiter. An early description of this form of autoimmune thyroid disease was made 

by an Irish physician called Robert Graves, so it is often termed Graves’ disease. 

Graves’ disease is almost always accompanied by the presence of the TSH-receptor 

autoantibodies in the blood and very frequently by thyroid peroxidase (TPO) 

autoantibodies which may both be a useful tool for diagnosis. In addition, about a 

third of people with Graves’ disease develop a variety of eye problems including a 

staring appearance, grittiness and soreness, protruding eyeballs, and (rarely) double 
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vision or sight problems. This is termed “thyroid eye disease” or “Graves’ 

ophthalmopathy”. Cigarette smoking increases the risk of developing thyroid eye 

disease in patients with Graves' disease.  

The other common cause of thyroid overactivity is that the thyroid develops one or 

more benign tumors (technically follicular adenomas but often simply called 

“nodules”) that secrete excess thyroid hormone in an unregulated manner. This 

nodular hyperthyroidism becomes commoner with advancing age and is termed 

“solitary toxic nodule” or “toxic multinodular goiter”, depending on the number of 

nodules. Together these two types of hyperthyroidism account for well over 90% of 

all cases. Rarer causes include inflammatory conditions of the thyroid called 

thyroiditis, which sometimes is the result of pregnancy, viruses or drugs such as 

amiodarone or interferon. All the types of hyperthyroidism just mentioned are 

usually classified as primary, meaning that they result from an excess stimulation or 

release of thyroid hormone from the thyroid gland. Very rarely, there may be 

secondary thyroid overactivity as a result of a pituitary problem where the pituitary 

gland manufactures an excess amount of TSH (thyroid stimulating hormone). This 

leads to thyroid overactivity with normal or high blood TSH. More commonly blood 

tests that have the same pattern as primary thyroid overactivity can result from 

taking an excess of thyroid hormone tablets, such as levothyroxine. 

2.4.3 The symptoms and signs of hyperthyroidism  

Common complaints include fatigue, heat intolerance, sweating, weight loss despite 

a good appetite, shakiness, inappropriate anxiety, palpitations of the heart, shortness 

of breath, tetchiness and agitation, poor sleep, thirst, nausea and increased frequency 

of defecation. The elderly may complain predominantly of heart problems with a 

fast or irregular heartbeat, breathlessness, and ankle swelling, whereas children tend 

to hyperactivity, with a short attention span. Signs include shaky and hot hands, fast 

or irregular heartbeat, inability to sit still, flushing of the face and upper trunk, fast 

tendon reflexes, an enlarged thyroid gland, and prominent or bulging eyes. 

Nowadays patients often are diagnosed at an early stage of the disease, owing to 

increased awareness and improved biochemical testing. Therefore, some patients 
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have relatively few of the classical signs or symptoms. In addition, none of the 

symptoms or signs just listed is sufficiently sensitive or specific for the diagnosis of 

hyperthyroidism, even when combined together. Thus, it may take three to six 

months to diagnose hyperthyroidism, during this time the person can feel very 

unwell. It is not uncommon for people to worry that they have cancer, because of the 

associated weight loss. 

2.4.4 Treatment of hyperthyroidism (Graves’ disease and nodular 

thyrotoxicosis  

2.4.4.1 Beta Blockers 

Beta Blockers are a group of drugs that tend to improve some of the symptoms and 

manifestations of hyperthyroidism. In particular, they can improve palpitations, slow 

the heart down and improve tremor. They have no effect on curing the thyroid 

overactivity but do make many people feel better. Beta Blockers should not be taken 

if the patient has asthma or a wheezy chest.  
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2.4.4.2 Antithyroid drugs  

Carbimazole (Neomercazole) and propylthiouracil are antithyroid drugs that are 

effective in reducing the production of thyroid hormones in the majority of people 

with hyperthyroidism. In people with Graves’ disease, treatment with one of these 

drugs for between 6 months and 2 years results in long-term remission in around 

half of the patients, once the drug is stopped. 

Both drugs have the common side effects of rash and joint pains, and more rarely 

(less than 1 in 500 cases) a serious reduction in the circulating white blood cells 

(agranulocytosis) may occur during treatment. The dosage of these antithyroid drugs 

can either be adjusted every 6 to 8 weeks according to thyroid hormone levels in the 

blood, to keep the person’s thyroid hormone levels in the normal range. In nodular 

hyperthyroidism (solitary toxic nodule or toxic multinodular goiter), antithyroid 

drugs do not result in a cure, just a temporary reduction in thyroid hormone levels. A 

more permanent solution is often sought, called a definitive treatment.  

2.4.4.3 Radioiodine  

Radioiodine is a radioactive isotope of iodine (131-I) that is taken up and 

concentrated selectively by the thyroid gland. In most people, this small dose of 

radioactivity is sufficient to gradually destroy the thyroid tissue, over 6 weeks to 6 

months following a single dose. Patients with Graves’ disease have a high rate of 

permanent thyroid underactivity following radioiodine (about 80%), whereas 

patients with nodular thyroid overactivity tend to preserve their thyroid function 

better, with only around half eventually becoming underactive. Patients are 

monitored for underactivity following the dose and promptly treated with thyroxine, 

should this develop. The common outcome of thyroid underactivity is an accepted 

consequence of radioiodine therapy because hyperthyroidism is a serious condition 

whereas replacement treatment with levothyroxine is simple and has no side effects 

at the correct dose.Radioiodine is a safe treatment for thyroid overactivity, with no 

overall excess of cancers in many hundreds of thousands of patient years of follow 

up (JAMA 1998; 280: 347-355; Lancet 1999; 353: 2111-5). Patients with 

ophthalmopathy require careful evaluation, as radioiodine may worsen thyroid eye 
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disease: this can be prevented by a short course of steroid tablets. There is no 

damage to fertility or to hair growth, but women are advised not to become pregnant 

for 6 months following a dose, as the baby’s thyroid could be damaged. Men should 

avoid fathering a child within 4 months of treatment. Following a standard dose of 

radioiodine, other precautions are necessary to minimize radiation exposure of 

others but these restrictions are usually easily accommodated by the patient. 

Radioiodine may trigger airport security alarms up to eight weeks following a dose 

and patients should carry a letter about the treatment if they travel in this period. 

Radioiodine is the most cost-effective and certain treatment for thyroid over activity 

and about 10,000 doses annually are given in the UK.  

2.4.4.4 Thyroid surgery  

Surgery to remove most or all of the thyroid gland (subtotal or total thyroidectomy) 

is another way of definitively treating thyroid overactivity. This is a straightforward 

operation when carried out by an experienced thyroid surgeon, with a low risk of 

complications. Hypothyroidism is a recognized side effect of surgery for which 

levothyroxine replacement will be needed, lifelong. Thyroidectomy is a good 

treatment option for people with a large goiter and for those with thyroid eye 

disease. Prior to thyroid surgery, thyroid overactivity needs to be controlled, usually 

with antithyroid drugs to make an anesthetic safe. This is because an anesthetic in a 

hyperthyroid person has a high risk of precipitating a dangerous hyperthyroid crisis 

or “thyrotoxic storm”.  

2.5 Herbal therapy for hyperthyroidism 

Four herbs are commonly suggested by Western herbalists, other practitioners of 

complementary and alternative medicine and naturopathic medical textbooks for 

treating hyperthyroidism (Sourgens et al., 1982)Three herbs appear to have effects 

on thyroid hormone-- lemon balm (Melissa officinalis), bugleweed (Lycopus 

virginicus,), and gromwell (Lithospermum officinale); and one appears to reduce 

secondary symptoms of hyperthyroidism (heart palpitations and tachycardia), 

motherwort (Leonurus cardiaca).( Sourgens et al ., 1982) Lycopus is naturalized in 

some wet areas of NZ and Australia. Lycopus appears to have several mechanisms 
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of action especially inhibition of receptor binding of TSH and thyroid auto-

antibodies to TSH receptors an inhibition of iodine metabolism and release of 

thyroid hormone, by cyclic AMP (Brinker et al., 1990). Oral doses of Lycopus 

inhibit the conversion of T4 to T3 in the peripheral tissues.Hence, Lycopus is an 

essential herb to use in people with hyperthyroidism (Winterhoff et al., 1990). Apart 

from its antithyroid actions, it also has a nerve relaxant effect which can be useful 

for the anxiety/irritability that often accompanies hyperthyroidism.Possible 

mechanisms of action could be by inhibiting the binding of TSH and thyroid auto-

antibodies to TSH receptors (Brendler et al., 2005). Motherwort can be beneficial 

for treating some of the symptoms of hyperthyroidism such as anxiety, palpitations 

and increased heart rate. (Milkowska et al., 2002) 

Self-heal (Prunella vulgaris) is one of the richest sources of rosmarinic acid (5%). 

This compound can exert antithyroid activity after oxidation. Theoretically, 

therefore, self-heal may have some anti-thyroid activity (Mills et al., 2000). 

2.5.1 Myrica salicifolia 

Myrica Salicifolia is a shrub usually 3 – 10m, but can grow up to 20m and a 

diameter of 1m with the trunk branching from the base. It belongs to the family 

Myricaceae, found mostly in temperate to subtropical regions of the world. It was a 

favorite delicacy of Maasai warriors in preparation for battle (Nhung’s, et al., 2002). 

Studies have shown that the root extract of M. salicifolia has analgesic, hypothermic 

and antipyretic properties (Miaron, 2003). M. salicifolia is known by the number of 

vernacular names in Kenya viz. Olkitoloswa (Masai), Mukikia, Muthogoya 

(Kikuyu) Kibogen (Marakwet) and Kabuneto (Kipsigis).Those who consume this 

shrub feel invincible, detached from their external surroundings, hypersensitive, 

alert for long periods and may at times become irritable and aggressive. This 

research seeks to examine and identify the importance of this plant through an 

examination of its pharmacological impact on laboratory animals. A series of 

neuropharmacological tests on rats and mice were undertaken by administering root 

extracts of the plant to understand its pharmacological and toxicological impacts. 
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Results show that the plant is a central nervous system (CNS) depressant that does 

not induce sleep even in high dosage.  

2.5.2 Nomenclature 

Myrica salicifolia was first described as a species by A. Richard "in 1951 Later 

Engler separated Myrica Salicifolia on the character of the male flowers being single 

on the axils of the bracts. For the purposes of this work, this plant has been referred 

to as Myrica salicifolia, the name suggested by Anon in 1940 and adopted by the 

East African Herbarium and Dale and Greenway in 1961.  

2.5.3 Botanical description 

Bark: Smooth and gray when young and dark and rough when old. Young twigs are 

glandular and hairy. Leaves: Stalked and oval, 4–14cm, dotted with golden glands 

on both surfaces, more below, giving a spicy aromatic smell when crushed, tip blunt, 

base somewhat rounded, 8–20 pairs of fine side veins, the edge wavy with a few 

well-spaced teeth. Flowers: Separate male and female; male flowers have yellow 

stalks (3.5cm) while female flowers have shorter anthers. Their fragrant stalks 

contain dots with oil glands. Fruit: Round and petite shaped (4cm each); purple with 

white waxy dots (East African Herbarium, Dale and Greenway 1961). The rachis 

has a yellow tomentose. The fruiting spike is up to 4 cm long. The fruit is warted, 

ellipsoid or globular in shape and is 40mm in diameter. It is purplish in color and 

often has a white waxy covering. (Dale and Greenway 1961). 

2.5.4 Geographic Distribution 

Apart from Saudi Arabia, Myrica salicifolia is found in several East and Central 

African countries such as Burundi, Ethiopia, Kenya, Malawi, Rwanda, Tanzania 

Uganda, and Zaire (East African Herbarium, Staner and Lebrun 1933). In Kenya, it 

is common in the forests of the Aberdare ranges and around Mt. Kenya. It has also 

been collected in the Taita Hills, Marakwet Hills, West Mau, and Longonot and in 

the forests around Mount Elgon (East African Herbarium, Dale and Greenway 

1961). In Ethiopia it is found in Ficus and Mimusop forests in Shoa, Harerge, 
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Gonder, Tigray, Sidamo and Welo as well as the dry and moist areas of WeynaDega 

and Dega (1,600-3,300m). It also grows in the mountainous regions around Lake 

Malawi.  
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CHAPTER THREE 

 MATERIALS AND METHODS  

3.1 Study site 

The study was carried out at the small animal facility for research and innovation 

(SAFARI), of the Jomo Kenyatta University of Agriculture and Technology 

(JKUAT). SAFARI animal house is located next to the College of Health Sciences 

complex. The rats were kept in appropriate animal cages and taken care of by 

trained animal technicians. All procedures were conducted in the SAFARI house 

procedure room. 

Blood specimens were analyzed in the Biochemistry laboratory at Thika Level 5 

Hospital, Kiambu County while tissue specimens were processed in the histology 

laboratory at JKUAT. 

3.2 Study design 

Controlled experimental laboratory-based study. 

3.3 Study population 

 Wistar albino rats of the species of Rattus Norveginicus from a pure breed were 

purchased from SAFARI animal house at JKUAT and housed at the same place in 

standard cages that measured 330 cm3 and the floor was 60cm2 for the rats. Each 

cage accommodated six rats. The wistar albino rats (Rattus norveginicus) have long 

ears, short tail compared to their body size and their head is characterized to be wide 

(Pritchett & corning 2016). The wistar albino rats (Rattus norveginicus)  were 

preferred because they share 90% of the genome with human being, they have a 

relatively high survival rate, big body size as compared to mice but small and easy 

to take care of them, they have a short gestational span (4 weeks) hence easier to 

find the study subjects, they are also resilient in withstanding most of the study 

medicine, male are always larger as compared to females approximately 450-650g 

and 350-450 g respectively (Bailey et al., 2014). 
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3.3.1 Sample size calculation. 

Sample size was arrived at using the resource equation method (Charan and Biswas 

(2013). 

E = Total number of animals - Total number of groups (The value of E should lie 

within 10 to 20 for optimum sample size)  

Number of groups: 5  

Total number of animals: 15  

E value is: 10 

Each group had 3 animals and 20 percent was added to cater for non- response and 

mortality, totaling to 18 rats.  

 3.3.2 Selection of Laboratory Animal 

 Rats are the most commonly used animals in the study of thyroid disorders. 

Animals such as sheep, cats, dogs, rabbits and guinea pigs are also used. 

In the present study rats have been used because the thyroid hormone production 

and metabolism of rats resembles that of humans which is believed to contribute to 

hyperthyroidism studies (Chakrabarti et al., 2007). 

3.3.3 Animal acquisition and feeding 

Rats were purchased from SAFARI animal house at JKUAT and housed at the same 

place in standard cages that measured 330 cm3 and the floor was 60cm2 for the rats. 

Each cage accommodated six rats. The rats had free access to rat pellets sourced 

from Unga Feeds Limited, Kenya and water ad libitum. They were handled 

humanely and the rules and regulations of SAFARI animal house were adhered to at 

all times. 
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3.4 Collection of plants and preparation of extracts 

Five Kg of medicinal plant part (root) of M. salicifolia was collected from Timboroa 

forest in Elgeyo Marakwet, Kenya, about 15 km from Eldoret town in October 2020, 

by the researcher with the help of a plant taxonomist from JKUAT. Authentication 

was achieved by comparison with Herbarium specimens by taxonomists and a 

voucher specimen was deposited at the JKUAT herbarium (voucher number of 

YK001). The roots were chopped and air dried under shade in ambient temperature 

for three weeks. The dried roots were ground into coarse powder using an electric 

grinder made at the Mechanical Engineering Department in JKUAT. Organic 

extraction was done using petroleum ether, dichloromethane (DCM), ethyl acetate 

and methanol by cold maceration, whereas aqueous extraction was done using hot 

maceration. Organic extraction was done by adding 500 mL of petroleum ether, 

methanol, DCM and ethyl acetate to each quantity of 50 g of the Myrica salicifolia 

root powder for 72 hours by cold maceration then the extract was concentrated by 

use of a rotary evaporator (BUCHI Vac® V-500) at 45°C and stored at 4°C 

(Kisangao et al., 2007). In aqueous extraction, 50 g of the powder was added to 500 

mL of distilled water in a 1 L flask then boiled for 15 minutes. The boiled mixture 

was then filtered using Whitman No.  1 filter paper and the extract were freeze-dried 

using a freeze dryer (BUCHI Lyovapor™ L-300).  The lyophilized sample was kept 

at 4°C (Menino et al., 2019).  

3.5 Materials 

- Animals: male wistar rats (200gms -250gms) 

- Drugs 

- L-Thyroxine (T4) (Sigma, USA 

- Propylthiouracil (Macleods Pharmaceuticals Ltd) 

- Methanol extract of Myrica salicifolia 

3.6 Experimental design. 

Forty-five male albino rats were weighed and randomly assigned into 5 

experimental groups. Each group had 3 animals. Group 1 consisted of normal 
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controls that received distilled water and rat pellets only for the whole course of 

experiment without intervention. Group 2 was the negative control, out of which 3 

rats were sacrificed on day fourteen to confirm hyperthyroidism and 

histopathological changes of the thyroid gland following induction with 

levothyroxine. The 3rd group is positive control which was treated with 

propylthiouracil, the standard drug while 4th, and 5thgroups and their respectful 

subgroups were hyperthyroid and treated with low dose MSRE and high dose MSRE 

respectively. The reason for having subgroups is because sub group a, b and c were 

sacrificed on 21st, 28th and 35thday respectively of the experiment. Grouping and 

treatment is as follows.  

Group 1- normal control: animals were not induced with hyperthyroidism and were 

not treated. The group only received distilled water. 

Group 2-negative control: 12 Wister rats received levothyroxine (600ug/kg/ml) of 

which 3 animals were then sacrificed on day 14 to confirm hyperthyroidism and 

histopathological changes in the thyroid gland. The remaining 9 hyperthyroid 

animals did not receive treatment for 21 days and were sacrificed as follows: 

Sub group II-3 animals sacrificed on 21st day of experiment  

Sub group II b -3 animals sacrificed on 28th day of experiment  

Sub group II c- 3 animals sacrificed on 35th day of experiment 

Group 3 -9 hyperthyroid animals were treated with the standard drug (PTU 

10mg/kg) for 21 days and sacrificed as follows: 

Sub group III-3 animals were sacrificed on 21st day of experiment  

Sub group III b -3 animals were sacrificed on 28th day of experiment  

Sub group III c- 3 animals were sacrificed on 35th day of experiment 

Group 4 -9 hyperthyroid animals were treated with (MSRE 200mg/kg) for 21 days 

and sacrificed as follows: 
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Sub group IV -3 animals were sacrificed on 21st day of experiment  

Sub group IV b -3 animals were sacrificed on 28th day of experiment  

Sub group IV c- 3 animals were sacrificed on 35th day of experiment 

Group 5 -9 hyperthyroid animals were treated with (MSRE 400mg/kg) for 21 days 

and sacrificed as follows: 

Sub group V -4 animals were sacrificed on 21st day of experiment  

Sub group V b -4 animals were sacrificed on 28th day of experiment  

Sub group V c- 4 animals were sacrificed on 35th day of experiment 

 

3.6.4 Base line measurements before induction of hyperthyroidism 

Using electronic weighing machine, the animals were weighed and their body 

weights recorded. 

3.6.5 Preparation of levothyroxine solution 

The required quantity (600 ug/kg) was dissolved in 5ml of water and given by 

gavage  
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3.6.6 Experimental induction of hyperthyroidism 

Levothyroxine at a dose of 600 ug/kg body weight administered by gavage daily for 

14 days induces hyperthyroidism in rats (Chakrabarti et al., 2007).  

3.6.7 Confirmation of hyperthyroidism  

Induction of hyperthyroidism was confirmed by analyzing the serum TSH, and T3 

levels on day fourteen after induction using Chemiluminscence assay method  

 Principle of the Assay for TSH.  

The CLIA kit test (Human) utilizes a unique monoclonal antibody directed against a 

distinct antigenic determinant on the intact TSH molecule. Rat monoclonal anti-TSH 

antibody is used for solid phase (microtiter wells) immobilization and a goat anti-

TSH antibody is in the antibody-enzyme (horseradish peroxidase) conjugate 

solution. The test sample is allowed to react simultaneously with the two antibodies, 

resulting in the TSH molecules being sandwiched between the solid phase and 

enzyme-linked antibodies. After a 60 minutes incubation at room temperature, the 

wells are washed 5 times by wash solution to remove unbound anti-TSH conjugate. 

A solution of chemiluminescent substrate is then added and read relative light units 

(RLU) in a Luminometers. The intensity of the emitting light is proportional to the 

amount of enzyme present and is directly related to the amount of TSH in the 

sample. By reference to a series of TSH standards assayed in the same way, the 

concentration of TSH in the unknown sample is quantified. 

TSH Assay procedure 

Bring all reagents and samples to room temperature before use. Centrifuge the 

sample again after thawing before the assay. All the reagents should be mixed 

thoroughly by gently swirling before pipetting. Avoid foaming. It’s recommended 

that all samples and standards be assayed in duplicate. 

1. Add Sample: Add 100μL of Standard, Blank, or Sample per well. The blank 

well is added with Reference Standard & Sample Diluent. Solutions are 
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added to the bottom of micro CLIA plate well, avoid inside wall touching 

and foaming as possible. Mix it gently. Cover the plate with sealer provided. 

Incubate for 90 minutes at 37℃. 

2. Biotinylated Detection Ab: Remove the liquid of each well, don't wash. 

Immediately add 100μL of Biotinylated Detection Ab working solution to 

each well. Cover with the Plate sealer. Gently tap the plate to ensure 

thorough mixing. Incubate for 1 hour at 37°C. 

3. Wash: Aspirate each well and wash, repeating the process three times. Wash 

by filling each well with Wash Buffer (approximately 350μL) (a squirt 

bottle, multi-channel pipette, manifold dispenser or automated washer are 

needed). Complete removal of liquid at each step is essential. After the last 

wash, remove remained Wash Buffer by aspirating or decanting. Invert the 

plate and pat it against thick clean absorbent paper. 

4. HRP Conjugate: Add 100μL of HRP Conjugate working solution to each 

well. Cover with the Plate sealer. Incubate for 30 minutes at 37°C. 

5. Wash: Repeat the wash process for five times as conducted in step 3. 

6. Substrate: Add 100μL of Substrate Mixture Solution to each well. Cover 

with a new Plate sealer. Incubate for not more than 5 minutes at 37°C. 

Protect the plate from light. 

7. RLU Value Measurement: Determine the RLU value of each well at once 

after the substrate reaction time. You should open the Chemiluminescence 

immunoassay analyzer ahead, preheat the instrument, and set the testing 

parameters. 

8. After experiment, put all the unused reagents back into the refrigerator 

according to the specified storage temperature respectively until their expiry. 

T3 Assay procedure summary 

1. Prepare all reagents, samples and standards; 

2. Add 50µL standard or sample to each well. 

And then add 50µL prepared Detection Reagent A immediately. 

Shake and mix. Incubate 1 hour at 37°C; 
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3. Aspirate and wash 3 times; 

4. Add 100µL prepared Detection Reagent B. Incubate 30 minutes at 37°C; 

5. Aspirate and wash 5 times; 

6. Add 90µL Substrate Solution. Incubate 10-20 minutes at 37°C; 

7. Add 50µL Stop Solution. Read at 450 nm immediately. 

3.6.8 Determination of Myrica salicifolia methanol extract and PTU dosages 

The dosages of MSRE extracts used in this study were selected based on the 

previous reports in which 100mg/kg of MSRE showed enough in vivo 

pharmacological effects in rats (B. Lee et al., 2009). PTU 10mg/kg was ALSO 

selected based on previous in vivo efficacy test on levothyroxine induced 

hyperthyroidism in rodents (S. Panda et al., 2007). 

3.6.9 Administration of Myrica salicifolia methanol root extract 

For a period of 21 days of experimentation, the extract was administered by oral 

gavage to respective groups between 11:00 and 12:00h of the day to avoid circadian 

interference. 

3.6.10 PTU administration 

PTU was administered by oral gavage, in a dosage of 10 mg/kg prepared as 

(2mg/5mls), dissolved in distilled water. 

3.6.11 Body weight measurements 

All the animals were weighed and their body weights recorded on day 0, 7 and 14 of 

experiment, 

3.6.12 Estimation of Biochemical Parameters  

Blood samples were collected at the SAFARI animal house at JKUAT lab on 21st , 

28th and 35th day after treatment by cardiac puncture after anaesthetizing the rats 

with carbon dioxide narcosis and sacrificing them. 6mls of blood was collected from 

each rat. The samples were carefully introduced into plain vacutainers free from 
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anticoagulant, properly labelled and transported immediately under room 

temperature to JKUAT Laboratory for Immunology laboratory where hormonal 

assay was done. The blood samples were allowed to clot, retract and then 

centrifuged for 5minutes at a speed of 3000 revolutions per minute. The serum was 

then aliquoted and, refrigerated at -20°C waiting assaying of the hormones.  

3.6.13 Humane sacrifice of the animals and collecting specimens 

3.6.13.1 The procedure of anaesthetizing the animal and collecting the 

specimens  

The rat was put into the bell jar containing cotton wool or gauze and cover via a 

plastic tubing coated to a regulator attached to the gas cylinder. 70% concentrated 

carbon dioxide or more was introduced into the bell jar for 1 minute. After 3 to 5 

minutes the anaesthetized rats were removed from the bell jar and were mounted 

onto the board using mounting pins with dorsal side of the board. Using a pair of 

scissors and forceps the animal was cut through the ventral medial side from the 

symphysis pubis to the sternal angle of the thoracic cage. Approximately 1 ml of 

serum is required per duplicate determination.  4-5 ml of blood were collected into 

an appropriately labelled tube and allowed to clot. Centrifuge was carefully done 

and the serum layer was removed. Serum was stored at -20 for analysis to be done at 

a later date. All human specimens were considered as possible bio hazardous 

materials and taken appropriate precautions when handling.  The remaining blood in 

the heart was cleared using physiological saline (200 mls of 0. 85%) after 

sufficiently clearing, the saline drip is removed and the desired fixator was 

introduced and the firmness of the tail was checked as an indicator of effective 

fixation. Finally, the thyroid gland was excised and   immersed in a clearly labelled 

container with fresh fixative to continue fixation for 12 hours. 

3.7 Induction of hyperthyroidism 

After acclimatization, hyperthyroidism was achieved by daily oral administration of 

L-Thyroxine (T4) (Sigma, USA) at a dose of 600µg/kg for 14 consecutive days 

according to the previous established method. (Chakrabarti et al., 2007). 
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Levothyroxine acts like the endogenous thyroid hormone thyroxine (T4, a tetra-

iodinated tyrosine derivative). It is a synthetic form of the thyroid hormone 

thyroxine, which is normally secreted by the follicular cells of the thyroid gland. L-

thyroxine is commonly used to produce hyperthyroidism in experimental animals 

due to its ability to be converted into T3, the active form in the liver and kidney by 

the enzyme 5’-deiodinase. 

3.8 Preparation of Drugs: 

● Methanol extract of Myrica salicifolia root extract was dissolved in sterile 

water. 

● Propylthiouracil tablets were weighed, powdered and titrated with saline. 

The dosages of MSRE used in this study were selected based on the previous 

reports in which 100mg/kg of MSRE showed enough in vivo 

pharmacological effects in rats (B. Lee et al., 2009). propylthiouracil 

10mg/kg was selected based on previous in vivo efficacy test on 

levothyroxine induced hyperthyroidism in rats (S. Panda et al., 2007). 

3.9 Phytochemical Screening 

The solution of Petroleum ether, chloroform, ethylacetate, methanol and ethanolic 

extract was prepared using distilled water and subjected to preliminary 

phytochemical screening. Test for common phytochemicals were carried out by 

standard methods described in practical pharmacognosy by Kokate, Khandelwal and 

Trease and Evans (Pan et al 2018) Phytochemical screening was done by observing 

precipitate formation and color change (Getahun 2004).   

3.9.1 Saponins test (foam test) 

1 ml of the extract was put in a test-tube then 50mls of tap water was added. The 

mixture was shaken vigorously for 15 minutes. Formation of honeycombs foam that 

persists for 15 minutes after shaking was subjected to a confirmatory test, which 

involved dissolving 1 ml of the extract in anhydride tetrachloride to which 5 ml of 
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concentrated sulphuric acid was added on the mixture. A blue, green or red color 

accompanied with a pink ring was indicative of saponins 

3.9.2 Alkaloids (mayers reagent) 

1ml of extract was tested with Mayer’s reagent prepared by dissolving 35gm of 

mercury chloride in distilled water and a solution of 5 gm. potassium iodide in 

10mls of water. The mixture then was diluted to 100mls. The appearance of 

opalescence or yellow color indicted presence of alkaloids. 

3.9.3 Flavonoids (alkaline reagent test) 

5 mL of hydrochloric acid solution and magnesium turnings was added to myrica 

salicifolia root extract. Appearance of a pink or magenta red was indicative of the 

presence of flavonoids (Getahun 2004). 

3.9.4 Sterols and steroids (Salkowaski method) 

Salkowaski method was used. To 1 mL of extract in a test tube, 0.5 mL acetic 

anhydride and 0.5 ml chloroform were added. Concentrated sulfuric acid was slowly 

added along the sides of the test tube. A red coloration was an indication of the 

presence of sterols and a green color was indicative of presence of steroids (Nureyev 

et al., 2018). 

3.9.5 Tannins test (Braymer’s test) 

1ml of extract was dissolved in water in which 1 %gelatin and 10% sodium chloride 

and salt solution (10%Nacl) were added. Allow tannins were indicated by presence 

of a blackish blue color while catechol tannins were indicted by a greenish back 

coloration. 

3.10 Acute toxicity test of M. salicifolia extract 

The acute toxicity was determined by use of modified Lorke’s method (Lorke 

1984).  
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Fifteen male wistar albino rats weighing approximately 200 -250 grams were 

obtained from SAFARI animal Biomedical department in Jomo Kenyatta 

University of Agriculture and Technology (JKUAT). They were housed in 

standard rat cages and exposed to 12hour light/dark cycles under humid tropical 

conditions. Litter papers in the cage was changed on alternate days. Each cage 

was labelled with a cage card showing experiment number, date of starting the 

experiment, dosage level, and age, number of animals, species and sex of the 

animal. The rats were allowed unrestricted access to standard feed Rodent pellets 

obtained from UNGA Mills and water ad libitum throughout the experimental 

period. The rats were handled in accordance with the guidelines for the care and 

use of laboratory animals.  

The acute toxicity study was conducted in two phases. The animals were fasted 

overnight prior administration of the methanol root extract of Myrica salicifolia. 

Phase one; four groups each with 3 rats, group 1, 2 & 3 animals were 

administered with single oral dose of 10, 100 & 1000 mg/kg of the root extract 

in 5% dimethyl sulfoxide (DMSO), respectively. Group 4; was the control group 

with three rats, which were given 5% DMSO in distilled water (5 ml/kg body 

weight).   

Phase II; had three animals, and each received a single oral dose of 1600, 2900 

and 5000 mg/kg of the bark extract in 5% DMSO respectively. The root extract 

was administered orally using sterile gavage needles. All the animals were 

monitored closely for signs of toxicity which are mortality, changes in gross 

appearance of the skin and fur, mucous membrane of the eye, respiratory 

distress, somatomotor activity, behaviour, and special attention was given to 

observation of tremors, salivation, diarrhoea, coma and convulsions, changes 

during the first 48 hours post dosing. The observation schedule was as follows; 

immediately, ½ an hour, 1 hour, 4 hours, 24 and 48 hours, then monitoring for 

signs of toxicity continued daily for 14 days. The body weight was monitored as 

follows; day 0 (initial weight), day 7 and day14 (terminal weight)  

Then the LD50 was calculated by the formula;  
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𝐿𝐷50 = √𝐷0 ∗𝐷100  

D0 = Highest dose that gave no mortality  

D100 = Lowest dose that produce mortality  

3.11 Histological studies 

Histological studies were carried out in JKUAT histology laboratory. The first group 

to be sacrificed was the negative control group to confirm hyperthyroidism and the 

histological changes in the thyroid gland. The 2nd 3rd and 4th sacrifice was done on 

days 21st, 28 and 35th in all subsequent groups of the experiments descried in the 

experimental design. 

3.11.1 Material used for staining thyroid sectioned for histology 

 -DPX mount 

-specimen bottles 

- Paraffin wax 

-slide holders 

-microtome 

-dropper  

-toluidine solution 

-formaldehyde 40% concentration 

-Rotary microtome  

-the specimen (the kidney) 

-distilled water 

-glass staining square jars 

-zenkers solution (acetic acid 5mls and distilled water) 

-xylene 

-wood blocs  

-isopropyl alcohol 

-beakers 

-egg albumin 
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-dropper  

-cedar wood oil 

-heater and water bath container 

3.11.2 Procedure for processing the thyroid specimens for the light microscopy 

i. The thyroid glands were fixed in formaldehyde solution for a period of 

24 hours. 

ii. The thyroid gland tissues were dehydrated in ascending concentration of 

alcohol that is 50%>60%>70%>80%>90%>95>100% each for one hour. 

iii. Were cleared with xylene. 

iv. Then infiltrated with paraplast wax for about 12hours at 56%. 

v. The infiltrated tissue was embedded on paraffin wax on a wood blocks. 

vi. 4 micrometer thick sections were cut using leitz sledge rotary microtome. 

vii. The cut section was floated on water at 370 to spread the tissue. 

viii. The section was stacked onto glass slides firmly by micro- dropper. 

ix. The slides were dried in an oven at about 37% for 24 hours. 

x. The slides were stained with hematoxylin and eosin (H&E). 

3.13.3 Procedure to be followed in taking photomicrograph  

i. The slides were mounted on the stage of the microscope. 

ii. The focus was adjusted until the image to be photographed to be in focus. 

iii. The field magnified appropriately.  

iv. The photographs of the regions were taken at best under the focus. 

v. The photograph were transferred to the computer, stored and uploaded 

using adobe fireworks application. 

3.11.4 Photography 

3.11.4.1 Materials needed 

i. Memory 

ii. Histological glass slide 
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iii. Digital camera 

3.11.4.2 Procedure followed in taking photomicrographs 

i. The prepared tissues were mounted on the stage of the microscope. 

ii. Thereafter the images were focused and adjusted to be photographed. 

iii. The images were viewed under the focus of the microscope and the 

photographs were taken. 

iv. The photographs were transferred into the memory cards. 

v. The images were uploaded using the adobe application. 

3.12 Statistical analysis 

Data entry was done using Microsoft excel and later exported to SPSS V.21 for 

analysis. Normality test was performed using the Shapiro wilks test with Ho being C 

A B D 35 that data follows the normal distribution. Since the data failed the 

normality test (skewed), it was summarized using median interquatile range (IQR) 

and variance among the groups and across time was tested using the non-parametric 

alternative to Anova (Kruskal Wallis test). Trend analysis was done to establish 

significant changes in estimates with increase in time. Significance was set at 

p<0.05(95% confidence interval). The results were presented in terms of column 

graphs and tables.  

3.13 Ethical consideration 

Ethical approval was sought from the Animal Ethics Committee for Care and Use of 

laboratory animals of Jomo Kenyatta University of Agriculture and Technology. 

Animal experimentation was carried out in a Level 2 Biosafety laboratory. All 

activities during the studies conformed to accepted principles for laboratory animal 

use and care (EU directive of 1986: 86/609/EEC). All the technical team observed 

institutional biosafety guidelines for protection of personnel and laboratory. Animals 

were handled in a humane manner and were monitored twice daily for any ill health 

related to experimental interventions. Sacrificing of the animals was after 

euthanizing using an overdose of concentrated carbon dioxide. Reduction: The 
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resource equation method was employed to reach at the desired scientific sample 

size that led to reliable, valid and a robust research. Refinement: paper shredding for 

enrichment, proper and standard housing was provided. A stand-by veterinary doctor 

was available to identify and take care of sick study animals. For humane end point, 

all animals were to be moved to fresh air chamber immediately they developed body 

weakness. Animals were euthanized on day 35 of the experiment. All animals 

having laboured breathing, acute weight loss of more than 20% of baseline body 

weight and inability to ambulate were to be removed from the experimental group 

and euthanized. 
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CHAPTER FOUR 

RESULTS 

4.1 Acute oral toxicity of Myrica salicifolia 

4.2 Mortality rate and behavioral observations 

The Myrica salicifolia methanol root extract was administered with the aim of 

establishing a standard dose that can cause toxicity and marked distress to the 

animals. There was no mortality observed within the first 48 hours and during the 

entire 14 days of observation in all groups administered with methanol root extract 

of Myrica salicifolia. General behaviour of each animal was observed for the first 30 

minutes,1 hour, 4 hours, 24 hours, 48 hours and then daily for entire 14 days. The 

following general parameters were normal for the entire period of observation; fur 

appearance, alertness, muscle tone on hind limbs, pain, feeding, activity, respiratory 

rate apart from overcrowding and inactivity that was observed at a dose of 

5000mg/kg. 

Table 4.1: mean body weight +/- SEM for Myrica salicifolia treated groups and 

the control group 

M.salicifolia 

(mg/kg)   

Fasting day Day 0 Day 1 Day 7 Day 14 

Control 

group 

177.80±2.747 171.90±1.751 178.67±0.998 184.78±1.358 188.95±2.193 

1600 183.74±1.529         168.21±3.292       182.51±1.150 188.63±3.549      194.97±3.703 

2900 182.00±1.8179 9.11±1.67 177.09±1.58 176.21±2.11 178.00±1.20 

5000 176.95±4.084 165.02±5.269        173.63±4.713 180.27±4.159      183.34±4.709 

p-value 0.275   0.639 0.393 0.365 0.270 
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Table 4.2: Acute toxicity of M.salicifolia root extract as per behavioral 

observation and mortality rate  

Experiment    Doses 

(Mg)  

Observation in    ½ hour  1 hour  4 hours  24 hrs  48 hrs  Mortality   Mortality 

rate (%)  

Phase I  
(M.E in 

distilled 

H20 )  

10  

100  

Normal  

activity  

Normal  

activity 

Normal  

activity  

Normal  

activity  

Normal  

activity  

Normal  

activity  

Normal  

Activity  

Normal  

Activity  

Normal  

activity  

Normal  

activity  

Normal  

activity  

Normal  

activity  

0/3  

0/3  

0  

0  

  1000  Normal  

activity  

Normal  

activity  

Normal  

activity  

Normal  

Activity  

Normal  

activity  

Normal  

activity  

0/3  0  

Control  
[Distilled  

water]  

2mls Normal  

activity 

Normal  

activity  

Normal  

activity  

Normal  

Activity  

Normal  

activity  

Normal  

activity  

0/3  0  

Phase II  
(M.E in 

distilled 

H20)  

1600  

2900 

Normal  

activity 

Normal   

activity  

Normal  

activity  

Normal  

activity  

Normal  

activity 

Normal   

activity  

Normal  

Activity 

Normal  

activity  

Normal  

activity 

Normal   

activity  

Normal  

activity  

Normal  

activity  
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Table 4.3: Median (IQR) statistics for FT3 and TSH levels by day of sacrifice 

and treatment groups.  

Variable Day Normal Negative Standard Low Dose High Dose 

FT3 

 

21 2.7 (0.3) 4.3 (0.15) 2.98 (0.25) 2.55 (0.1) 2.81 (0.19) 

28 2.7 (0.3) 4.3 (0.15) 2.1 (0.11) 2.55 (0.1) 2.12 (0.21) 

35 2.8 (0.2) 3.3 (0.35) 1.94 (0.03) 2.24 (0.14) 2.2 (0.18) 

TSH 

  

21 3.2(0.96) 0.7 (0.15) 2.42 (0.03) 2.2 (0.12) 2.42 (0.03) 

28 3.1(0.95) 0.9 (0.5) 2.46 (0.02) 2.4 (0.06) 2.41 (0.12) 

35 3.4 (0.98) 0.42 (0.05) 2.45 (0.06) 2.35 (0.05) 2.46(0.02) 

As shown in the table 3 above, there is a variation in FT3 hormone levels between 

the days of sacrifice – within each treatment, and, also between the treatments. The 

negative control group (rats which received distilled water after being induced by 

hyperthyroidism) has a median of 4.3 for rats sacrificed on day 21 and 28 then 

median reduced to 3.3 for the rats sacrificed on day 35. Data observed on day 35 for 

the negative control had a wider spread of FT3 levels compared to day 21 and 28. 

There is a general decrease in the observed median FT3 levels from day 21 to day 

35. Negative group expresses higher FT3 levels compared to the rest of groups. Less 

variance is observed in the low dose between values observed in days 21, 28 and 35 

compared to the standard dose and the high dose of the MSRE. The observed 

median FT3 value (2.7) observed on the normal group (group not induced with 

hyperthyroidism and received neither of the treatment) is higher than the medians 
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observed on the standard group, low and high dose, however, it is lower than the 

negative group. 

The negative group TSH observed median levels are generally low compared to the 

other treatment groups. There is an overall increasing trend in the TSH levels from 

day 21 to day 35. Also, the negative group levels have a higher spread than the rest 

of the groups except the normal group, which has a wider spread compared to the 

rest for day 35. Although the observed medians for the standard, low and high dose 

groups are comparable, the standard groups had higher observed medians compared 

to the other investigational extract subgroups for the three time points. For day 35, 

the observed median TSH value in the normal group (3.4) was higher than the 

observed values in the other treatment groups as shown in the column graphs below.  

The FT3 hormone levels explicit higher between and within treatment variation 

compared to the TSH hormone levels as shown figures 1 and 2 respectively. Among 

the active treatments, TSH shows very minimal variance between treatments, with 

day 21 showing lower levels compared to later time points.  

 

Figure 4.1: Column graph showing the distribution of the observed FT3 values 

by treatment groups and colored by timepoints. 
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Figure 4.2: Column graph showing the distribution of the observed TSH values 

by treatment groups and colored by time points. 

Between treatment groups differences 

Table 4.4: Kruskal Wallis test – test for differences among groups (Normal, 

Negative, Standard, Low Dose, and High Dose). 

Variable Day Chi-square value P value 

FT3 21 7.3333 0.062 

28 8.8974 0.0307 

35 12.3804 0.0147 

TSH  21 9.6185 0.0221 

28 7.9123 0.0479 

35 11.746 0.0193 

Kruskal-Wallis H test was performed on the observed FT3 and TSH levels to 

determine any statistically significant differences between the treatments by time 

points. By comparing the FT3 levels among the treatment groups, neither of any 

treatment group pairs would express any statistically significant differences at 5% 

level of significance at day 21. However, the Kruskal-Wallis H test results were 

significant for days 28 and 35 – indicating that the observed FT3 levels were 

significantly different in at least two treatment groups. For the TSH, all the three 

time points shown significant results.   Therefore, to determine the specific 

3.2

0.7

2.42
2.2 2.26

3.1

0.9

2.46 2.4 2.41

3.4

0.42

2.45 2.35
2.46

0

0.5

1

1.5

2

2.5

3

3.5

4

Normal Negative Standard 200mg/kg 400mg/kg

DAY 21 DAY 28 DAY 35



45 

treatments that has these significant differences, Dunn’s post-hoc tests were 

performed, and the results are shown in table 4.5 below.  

After the post-hoc tests, it was observed that the significant differences in FT3 levels 

observed in day 28 and 35 were between high dose and Negative, and Standard and 

negative treatment groups for both time points.  Also, the Normal and Standard 

groups had significantly different FT3 levels at day 35.  

The observed differences in TSH levels among treatment groups were between 

Negative and Standard groups across time points. In addition, Low-dose and 

Normal, and Negative and Normal groups showed significantly different TSH levels 

at 5% level of significance.  
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Table 4.5: Dunn’s post-hoc tests for differences in ft3 and TSH levels between 

treatment groups – Z-statistic (unadjusted p-values) are presented.  

Variable Comparison 

(Treatments) 

Day-21 Day-28 Day-35 

ft3 High Dose - Low 

Dose 

 -1.1323 

(0.2575) 

-0.1371 

(0.891) 

High Dose - 

Negative 

 -2.2646 

(0.0235) 

-2.0558 

(0.0398) 

Low Dose - 

Negative 

 -1.1323 

(0.2575) 

-1.9187 

(0.055) 

High Dose - 

Standard 

 0.4529 

(0.6506) 

1.0964 

(0.2729) 

Low Dose - Standard  1.5852 

(0.1129) 

1.2335 

(0.2174) 

Negative – Standard  2.7175 

(0.0066) 

3.1522 

(0.0016) 

High Dose - Normal   -1.4162 

(0.1567) 

Low Dose – Normal   -1.2792 

(0.2008) 

Negative – Normal   0.6396 

(0.5224) 

Normal – Standard   2.5126 (0.012) 

TSH 

 

High Dose - Low 

Dose 

0.4545 

(0.6495) 

0.1701 

(0.8649) 

0.1827 (0.855) 

High Dose - 

Negative 

1.7612 

(0.0782) 

1.7581 

(0.0787) 

1.4162 

(0.1567) 

Low Dose - 

Negative 

1.3067 

(0.1913) 

1.588 

(0.1123) 

1.2335 

(0.2174) 

High Dose - 

Standard 

-1.3067 

(0.1913) 

-1.0208 

(0.3073) 

-0.9594 

(0.3374) 

Low Dose - Standard -1.7612 

(0.0782) 

-1.191 

(0.2337) 

-1.1421 

(0.2534) 

Negative – Standard -3.0679 

(0.0022) 

-2.7789 

(0.0055) 

-2.3756 

(0.0175) 

High Dose - Normal   -1.7817 

(0.0748) 

Low Dose – Normal   -1.9644 

(0.0495) 

Negative – Normal   -3.1979 

(0.0014) 

Normal – Standard   0.8223 

(0.4109) 
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Within Treatment group Differences 

Table 4.6: Kruskal-Wallis H test for differences in FT3 and TSH levels by 

comparing days 21, 28 and 35 within each treatment.  

Variable Treatment group Chi-square value P value 

FT3 Negative 5.7931 0.0552 

Standard 7.2 0.0273 

Low Dose 5.5385 0.0627 

High Dose 5.4222 0.0665 

TSH Negative 4.1356 0.1265 

Standard 0.8136 0.6658 

Low Dose 3.322 0.1899 

High Dose 2.4 0.3012 

Further analysis was conducted to determine any within treatment group differences 

by time points. At 5% level of significance, it was observed that on the observed 

FT3 levels within the Standard treatment group differed among days 21, 28 and 35 

as shown in table 4 above.  Further, a post-hoc analysis was conducted to identify 

with time points if there was significant difference. As shown in table 4.8 below, it 

was observed that the difference in FT3 levels within the standard drug differed 

significantly between days 21 and 35 (p value 0.0073). 

Table 4.7: Dunn’s Post-hoc test of difference in FT3 levels between days 21, 28 

and 35 within the Standard treatment group. 

Variable Comparison 

(Days) 

Chi-square value P value 

FT3 (Standard 

drug) 

21 – 28 1.3416 0.1797 

21 – 35 2.6833 0.0073 

28 – 35 1.3416 0.1797 
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Histological structure of the thyroid gland of rats is shown in figures below 

  

Figure 4.3: (a)Group 1, (b) Group 2   

 

Figure 4.4: (a) Group 3, (b) Group 5 , (c) group 4 

Key 

Blue arrow – colloid 

Yellow – epithelium  

Figure 4.4: Thyroid gland section of GP1 rats (normal control) showing follicles 

lined by cuboidal epithelial cells filled with abundant colloid. Showed normal 

histological structure of thyroid gland and there are no any pathological 

alterations 

HT X400 H/E HT X400 H/E 
HT X400 H/E 

HT X100 H/E HT X100 H/E HT X100 H/E 
HT X100 H/E 
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Figure 4.5: Thyroid gland section of GP2 rats (hyperthyroid control) showing 

follicles lined by cuboidal epithelial cells filled with scanty  

Thyroid gland section of GP2 rats (hyperthyroid control) showing follicles lined by 

cuboidal epithelial cells filled with moderate colloid. This demonstrates thyroid 

follicles of variable sizes. Thyroid follicles were lined by cubical follicular cells 

with rounded basophilic nuclei. Also, many follicle lumen were empty from colloid. 

In these groups, multiple follicular cells exhibited pale nuclei and vacuolated 

cytoplasm (which nearly obliterated their cavities). Atrophied of some thyroid gland 

follicles and minute blood capillaries were also recorded in these sections. 

Figure 4.6: Thyroid gland section of GP3 rats (standard control at a dose of 

10mg/kg) there was an increased number of thyroid follicles compared to the 

previous groups. 

This demonstrated thyroid follicles showed uniformly distributed variable size with 

little number of follicles with single layered flattened epithelium filled with 

abundant colloid. The lumen of follicles contained uniformly distributed colloid 

with peripheral vacillations. In these thyroid glands, the hydrophobic degeneration 

changes were seen in some follicles. The congested blood capillaries were still 

observed in these sections 

Figure 4.7: Thyroid gland section of GP4 rats (MSRE extract at a dose of 

200mg/kg) showing follicles lined by cuboidal epithelial cells filled with 

moderate 

Thyroid gland section of GP4 rats (MSRE extract at a dose of 200mg/kg) showing 

follicles lined by cuboidal epithelial cells filled with moderate colloid demonstrates 

that some of follicular cells lining thyroid follicles slumped inside the lumen but 

some of them were partially filled with colloid. The colloid of the follicular spaces 

exhibited peripheral vacillations. Also, the cytoplasm follicular cells revealed, clear 

vacuoles with pyknotic or karyolitic nuclei. In additional, the degenerated lining of 

cells in some of the follicles were detected in these sections. Congested blood 
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capillaries were extended between thyroid follicles and packed with red cells before 

being detected. 

Figure 4.8 Thyroid gland section of GP5 (MSRE extract at a dose of 400mg/kg) 

rats showing follicles lined by cuboidal epithelial cells filled with abundant  

Thyroid gland section of GP5 (MSRE extract at a dose of 400mg/kg) rats showing 

follicles lined by cuboidal epithelial cells filled with abundant colloid. There were 

variable sizes of thyroid follicles. The lumen of the follicles contained basophilic 

colloid with peripheral vacillations. Also, scanty colloid was observed in most of 

remaining thyroid follicles. In these glands, the escape of blood from capillaries was 

recorded. In order to avoid this, we found that there was an increase in lining cells 

number of follicles compared to the previous group 
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CHAPTER FIVE 

DISCUSSION, CONCLUSION AND RECOMMENDATION 

5.1 Methanol extract phytochemicals of Myrica salicifolia root extract 

The safe use of the extracts tested and of active substances they contain, explain 

probably their common uses by traditional healers in the treatment of numerous 

human and animal diseases (DMP, 2004; CAPES, 2006). Alkaloids, flavonoids, 

sterols, phenolics and tannins were observed in the root extracts of M. salicifolia. 

The therapeutic properties of these large chemical groups have been reported by 

various authors (Delaveau, 1998; Cowan, 1999). 

Its methanol extract was found to contain alkaloid, tannins, saponins flavonoid, 

sterols and phenolics. Additionally, some tannins were able to inhibit HIV 

replication selectively beside their use as diuretics. It was reported saponins are used 

as mild detergents and in intracellular histochemistry staining to allow antibody 

access intracellular proteins (Thamara et al.,2012). Medicinally, saponins are used in 

hypercholesterolemia, hyperglycemia, antioxidant, anti-cancer, anti-inflammatory, 

central nervous system activities and weight loss (Poornima et al.,2009).Saponins 

generally help humans to fight fungal infections, combat microbes and viruses and 

knock out some tumor cells, particularly lung and blood cancers( wadwood et 

al.,2013) Alkaloids have been reported from Morella salicifolia and their medicinal 

values indicated these compounds serve as natural antibiotics, which help the body 

to fight infections and microbial invasion .(Hanson et al., 2013 The presence of 

alkaloids in the stem bark of M. salicifolia might be one of the reasons for its 

traditional medicinal values. While phenolic compound and flavonoids are known to 

possess biological activity such as antibacterial activity, antioxidant, anti-

inflammatory, etc. (Sudip et al 2000). Therefore, the phytochemical screening 

results reveal that the presence of these phytochemical constituents supports the use 

of Myrica salicifolia plant in folk medications. 
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5.2 Acute toxicity 

Upon administration of M. salicifolia root extract to the LT4 induced hyperthyroid 

at different doses, no mortality was recorded across all doses though overcrowding 

and reduced activity was noted for the rats administered with 5000mg/kg body 

weight of the MSRE. 

Conversely; this behavior was not observed in the other dose categories. From the 

current study the LD50 of M. salicifolia root extract was found to be > 5000 mg/kg 

body weight. 

It was also observed that the plant extract caused a slight but insignificant decrease 

in the body weight of the test animals; this may be due to a decrease in appetite, 

which may be secondary to a feeling of fullness after administration of the extract. It 

may also be due to the effect of the plant on the body fat metabolism. This, however, 

remained to be rationalized.  

5.3 The effect of MSRE on serum triiodothyronine (T3) and serum thyroid 

stimulating hormone (TSH) 

From the data of the blood samples collected on the 14th day of the study, the T3 and 

TSH of the normal control rats  was found to be 2.7ng/dl, and 3.4 mIU/ml 

respectively.this results falls within the normal range of FT3 and TSH.  On the other 

hand, rats in all other groups (1,2,3,4,5) were treated with the LT4 and showed an 

increase in the levels of FT3 and decreased serum values of TSH, confirming 

successful induction of hyperthyroidism in those groups. The current study showed 

that there was a significant increase in serum FT3 levels as well as a significant 

decrease in serum TSH levels in rats treated with levothyroxine, when compared to 

the control group (P < 0.01). This indicates that LT4 was convenient for induction of 

hyperthyroidism.LT4 stimulates thyroid activity and exerts its primary effect on the 

synthesis of the thyroid hormones thyroxine and triiodothyronine by blocking 

oxidative iodination within the thyroid gland itself (muller et al., 2014).in addition 

levothyroxine triggers the metabolism of thyroid hormones outside of the thyroid 

gland by interfering with the peripheral deiodination of T4. (Brent et al., 2014). The 
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decrease in TSH secretion by anterior pituitary gland extends a negative feedback 

effect on the thyroid gland secretion of T3 and T4. As shown in the table 1 above, 

there is a variation in ft3 hormone levels between the days of sacrifice – within each 

treatment, and, also between the treatments. There is a general decrease in the 

observed median FT3 levels from day 21 to day 35. Less variance is observed in the 

low dose between values observed in days 21,28 and 35 compared to the standard 

dose and the high dose of the investigation extract.  

The negative group TSH observed median levels are generally low compared to the 

other treatment groups. There is an overall increasing trend in the TSH levels from 

day 21 to day 35. Also, the negative group TSH levels have a higher spread than the 

rest of the groups except the normal group, which has a wider spread compared to 

the rest for day 35. Although the observed medians for the standard, low and high 

dose groups are comparable, the standard groups had higher observed medians 

compared to the other investigational extract subgroups for the three time points.  

The FT3 hormone levels are higher between and within treatment variation 

compared to the TSH hormone levels as shown figures 1 and 2 respectively. Among 

the active treatments, TSH shows very minimal variance between treatments, with 

day 21 showing lower levels compared to later time points. Kruskal-Wallis H test 

was performed on the observed ft3 and TSH levels to determine any statistically 

significant differences between the treatments by time points. By comparing the ft3 

levels among the treatment groups, neither of any treatment group pairs would 

explicit any statistically significant differences at 5% level of significance at day 21. 

However, the Kruskal-Wallis H test results were significant for days 28 and 35 – 

indicating that the observed ft3 levels were significantly different in least two 

treatment groups. For the TSH, all the three time points shown significant results.   

Therefore, to determine the specific treatments that has these significant differences, 

Dunn’s post-hoc tests were performed, which observed that the significant 

differences in ft3 levels observed in day 28 and 35 were between high dose and 

Negative, and Standard and negative treatment groups for both time points.  Also, 

the Normal and Standard groups had significantly different ft3 levels at day 35. The 

observed differences in TSH levels among treatment groups were between Negative 
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and Standard groups across time points. In addition, Low-dose and Normal, and 

Negative and Normal groups showed significantly different TSH levels at 5% level 

of significance. The group treated with 400mg/kg of methanol extract of M. 

salicifolia showed better result than the other concentration 200mg/kg and was 

found to be effective as the standard drug propylthiouracil. 

Obtained data of MSRE showed that flavonoids may influence on thyroid function 

through reduction of thyroid peroxidase activity. These effects may be due to 

flavonoids of MSRE constituents, such as dillapiole, costunolide and caffeic acid, on 

the thyroid function, which is more pronounced when iodine is deficient (Divi et al., 

1996). Another pathway for decreasing thyroid hormones in our model may due to 

tannins included in MSRE, such as gallic acid and epigallocatechin gallate, which 

act as a chelating agent through bonding with inorganic iodide (Ali nagi 1999). 

Subsequently, the correction of iodine deficiency leads to normalization of THs. 

Indeed, THs were positively correlated with flavonoid ingestion owing to the 

biosynthesis of T4 confined to thyroid gland. The majority of thyroid hormones is 

T3 (80%), and synthesized in the liver (out of the thyroid). Each of the pathways has 

illustrated that polyphenolic compounds may affect the thyroid gland but no other 

organs (Ali nagi 1999). Certainly, MSRE is an active treatment which may 

ameliorate thyroxin over secretion via tannins, caffeic acid and garlic acid, and can 

act as a chelating agent of iodine liberated in the bloodstream (Peleg et al., 1998). 

The synergetic effects of quercetin and ferulic acid may ameliorate the side effects 

of thyroid over secretion due to total antioxidant capacity and their antioxidant 

properties. Recent studies have reported that quercetin acts as a tranquilizer agent in 

hyperactive rats (Okamura et al., 1990). On the whole, herbal extract is a new 

direction for exchange of chemical drugs due to its side effects and unknown 

interactions. Indeed, MSRE containing mixture of flavonoids and tannins have 

stabilized the most common side effect of hyperthyroidism- via stimulating different 

pathways whether internal or external cell processes. The internal pathway may be 

due to succinate dehydrogenase inhibitor and Na/k — ATPase inhibitor, according 

to epigallocatechin gallate content (Moreira et al., 2005). External pathway may be 

due to iodine trapping, suppression of chemotactic factors, and suppression of 

reductive markers, which due to the phenolic component contribute to the synergetic 
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action (Moreira et al., 2005). In the present study, alterations in thyroid function 

after LT4 exposure were confirmed by the histological examination of the thyroid 

follicles by H&E. Our hyperthyroidism model- induced by LT4- showed 

histological changes which may be due to TSH suppression. It is well-known that 

low levels of TSH affect thyroid gland function and structure. On the other hand, 

normal levels have yielded simulative effects on the follicles, which are modulated 

by the action of a variety of molecules, such as peptides and/or neuropeptides, 

derived from para follicular cells and other growth factors. The hyperthyroidism 

model demonstrated that follicles have irregular shape and many cubical follicular 

cells are lined with basophilic nuclei accompanied by empty luminal colloids. Also, 

multiple follicular cells exhibited pale nuclei, vacuolated cytoplasm and nearly 

obliterated their activities. Takamatsu et al. illustrated irregular and atrophied 

follicles shaped with LT4, which induced hyperthyroidism modulated condensed 

nuclei walls and follicle loss of thyroid gland (Takamatsu et al., 1992.) 

Histopathological analysis of thyroid gland was conducted and light 

photomicrographs were taken (Figure 5), which showed marked changes in the 

follicular cells of the treated animals as compared to the positive control and normal 

control groups. The follicular cells in normal control animals were observed to be 

cuboidal and epithelium full of colloidal material. On the other hand, LT induced 

animals show follicular atrophy, scanty colloid material and epithelial hyperplasia. 

MSRE administered group reversed the follicular atrophy and increased colloid 

material. Almost similar histological changes were observed for PTU treated groups. 

Results of histopathology are in correlation with previous literature. This clearly 

suggests the PTU like activity of MSRE. Mechanism responsible for anti-thyroid 

activity of the extract can be suggested as iodine complexation, inhibition of thyroid 

peroxidase, protease, 5 α- deiodinase enzymes as flavonoids exhibit antithyroid 

activity through the above mechanisms. 

5.4 Effect of M. salicifolia methanol root extract on the histology of the thyroid 

gland 

In the present study, alterations in thyroid function after LT4 exposure were 

confirmed by the histological examination of the thyroid follicles by H&E. Our 
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hyperthyroidism model- induced by LT4- showed histological changes which may 

be due to TSH suppression. It is well-known that low levels of TSH affect thyroid 

gland function and structure. On the other hand, normal levels have yielded 

simulative effects on the follicles, which are modulated by the action of a variety of 

molecules, such as peptides and/or neuropeptides, derived from para follicular cells 

and other growth factors. The hyperthyroidism model demonstrated that follicles 

have irregular shape and many cubical follicular cells are lined with basophilic 

nuclei accompanied by empty luminal colloids. Also, multiple follicular cells 

exhibited pale nuclei, vacuolated cytoplasm and nearly obliterated their activities.  

MSRE treated rats showed increase of columnar follicular cells size, vacuolated 

cells and deeply stained nuclei. The findings of MSRE may be owing to the 

accumulation of fluid and glands over stimulation. Therefore, the increase in TSH 

threshold in a MSRE -treated hyperthyroid model could be the causative factor for 

rebuilding cells and follicles, and could regenerate thyroid hypertrophy and increase 

cell size and functional capacity for normal status. 

According to the reference drug for treating the hyperthyroidism model, PTU 

showed the variable size of follicles filled with abundant colloid. These disruptions 

may be due to the hydrophobic degeneration changes and minute blood capillaries 

extended between them.  

5.5 Conclusion  

The present investigation was conducted to study the effect of the potential 

antithyroid activity of methanol extract of Myrica salicifolia on L-thyroxine induced 

hyperthyroidism in   male wistar rats.  From the findings it can be inferred that the 

animals treated with the plant concentrate(400mg/kg) shows a great effect as like 

that of the standard medication and the histopathological studies of the thyroid gland 

of data also proves the same.  Hence, upon all findings and assumption it can be said 

that the methanol extract of Myrica salicifolia root extract can possibly overcome 

hyperthyroidism in albino rats. 
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5.6 Recommendations  

1. Though use of M. salicifolia as a medicinal plant has proved to be safe for  

use and therefore further pre-clinical and clinical studies need to be carried 

out to validate its safety especially its safety on chronic use. 

2. Further scientific validation is encouraged and more specific investigation 

should be done on M. salicifolia extract for a clear understanding on its mode 

of action. 

3. Further studies on histological effects of M.salicifolia on the hypothalamus 

and pituitary gland.  
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APPENDICES 

Appendix I: Publication 1 

Phytochemical Screening and Acute Oral Toxicity Study of Myrica Salicifolia 

(Bayberry) Root Extracts 

Moses Kefa Ndanyi1*, Simion Karanja 2, David Kamau 3  and Reuben 

Thuo Department of Medical Physiology, Jomo Kenyatta University of Agriculture and 

Technology, P.O.Box 62000-00200, Nairobi, Kenya. 

Department of Pharmacology, Jomo Kenyatta University of Agriculture and Technology, 

P.O.Box 62000-00200, Nairobi, Kenya. 

ABSTRACT 

 Aim: The present study was aimed at evaluating the possible acute oral toxicity and 

the major phytochemical constituents of Myrica salicifolia root extract. 

Study Design: An experimental study design was used.  

Place and Duration of Study: The phytochemical studies were done at Jomo 

Kenyatta University of Agriculture and Technology (JKUAT), Department of 

Botany Laboratory, while acute oral toxicity studies were done at the SAFARI, 

JKUAT animal house. The study was done during the month of August to December 

2020.  

Methodology: Myrica salicifolia roots were harvested with the help of a plant 

taxonomist. The roots were chopped into small pieces and dried under shade for 

three weeks. They were then ground into powder. Organic extracts were prepared by 

sequential extraction (petroleum ether, dichloromethane (DCM), ethyl acetate and 

methanol), by use of cold maceration. Aqueous extracts were obtained by hot 

maceration. Phytochemical screening of extracts was done by standard 

phytochemical procedures. A total of 12 female albino rats were used in acute oral 

toxicity studies as per OECD 423 guidelines.  

Results: Methanol extract had the highest composition of phytochemicals, i.e. 

alkaloids, flavonoids, saponins, sterols, and tannins. Aqueous and DCM extracts 

showed presence of alkaloids, saponins and cardiac glycosides, while petroleum 

ether and ethyl acetate extracts showed presence of alkaloids and cardiac glycosides. 

Steroids and tannins were absent in all extracts. In the acute oral toxicity study, there 

were no adverse effects at 2000 mg/kg extract administration.  

Conclusion: It was found that Myrica salicifolia root extracts did not cause any 

toxic effects or mortality at the administered dose. No abnormality was noticed in all 

selected parameters in treatment groups as compared with their respective control 

groups. Thus, the possible oral lethal dose for Myrica salicifolia is more than 
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2000 mg/Kg body weight. These findings may require further verification using in 

vivo studies. 
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Appendix II: Publication II 

 

Anti-Thyroid Activity Of Myrica Salicifolia  (Bayberry) Methanol Root Extract 

In Levothyroxine-Induced Hyperthyroidism In Male Wistar Albino  Rats 
 

Moses Kefa Ndanyi1, Prof.  Simon Karanja2, Dr. David M. Kamau2 , Dr. 

Reuben Thuo2.Prof.  Muyieka3, John Ombogo3, Atanas Malik2 
1Kenya Medical Training College 

2Jomo Kenyatta University of Agriculture and Technology, Kenya 
3Masinde Muliro University of Science and Technology 

 

Abstract 
Hyperthyroidism Is Defined As The Excess Production And Release Of Thyroid Hormones By The 

Thyroid Gland Resulting In Inappropriately High Serum Levels. The Most Common Causes Include 

Diffuse Toxic Goiter, Toxic Multinodular Goiter And Toxic Adenoma.Traditional Medicine 

Strategy  By WHO Aims To Support Member States In Developing Proactive Policies And 

Implementing Action Plans That Will Strengthen The Role Traditional Medicine Plays In Keeping 

Populations Healthy. Myrica Salicifolia Is A Shrub Of 1 Meter In Height .It Belongs To The Family 

Myricaceae Found In The Subtropical Regions Of The World. The Aim Of This Study Was To 

Determine Antithyroid Activity Of Myrica Salicifolia (Bayberry) Methanol Root Extract (MSRE) In 

Levothyroxine-Induced Hyperthyroidism In Male Wistar Albino Rats. The Study Adopted A 

Controlled Experimental Study Design And The Study Site Was The SAFARI Animal House Of 

JKUAT. Forty Five Male Wistar Albino Rats, Acquired From The SAFARI Animal House Were 

Randomly Divided Into  Five Groups. The First Group Served As The Normal Control And Received 

Distilled Water Only. At The Onset Of The Experiment, Rats In 2nd,3rd, 4th And 5th Groups Were 

Treated With Levothyroxine In Order To Induce Hyperthyroidism. Three Rats From Group 2 Were 

Sacrificed On Day 14 And Blood Serum Processed For Immediate Confirmation Of Induction Of 

Hyperthyroidism Through Chemiluminescence Assay Test For TSH And T3. Subsequently, From Day 

15 Of Experiment GP3 Rats Were Treated With Propylthiouracil (Standard Drug), GP4 Treated With 

Low Dose Of MSRE (200mg/Kg) And GP5 Treated With High Dose MSRE (400mg/Kg) For A Period 

Of 21 Days Post-Induction. During The Course Of The Experiment The Rats Were Closely Observed 

Daily For Any Behavioral And Clinical Changes And Body Weights Recorded Weekly. Serial 

Sacrifice Of Three Animals Per Group Was Done On Days 21 And 28 And Experiment Terminated 

On Day 35. Prior To Euthanization, Using CO2 Gas, The  Rats Were Fasted For 12 Hours. Fresh 

Blood Samples Were Obtained Through Intracardiac Puncture For Determining TSH And T3 Levels 

And The Thyroid Gland Harvested For Microscopic  Examination. Prior To The Animal Experiment, 

Phytochemical Screening Of The Myrica Salicifolia Root Extract Was Done And It Was Found To 

Contain Alkaloids, Flavonoids, Sterols, Phenolics And Tannins. Acute Oral Toxicity Tests Of The 

Extract On LT4 Induced Hyperthyroid Rats Were Also Carried Out At Different Doses Of Extract, 

From 10mg/Kg To 5000mg/Kg Body Weight. No Mortality Nor Significant Behavioral Changes Were 

Recorded Except For Some Overcrowding And Reduced Activity For Rats Administered With 

5000mg/Kg Body Weight Of The Root Extract. From The Current Study The LD50 Of M. Salicifolia 

Root Extract Was Found To Be > 5000 Mg/Kg Body Weight. Data Analysis For Hormone Levels Was 

Undertaken Using Statistical Package For Social Sciences (SPSS) -Version 21.0). Median 

(Interquartile Range-IQR) And Kruskal Wallis Test Were Employed In The Analysis And P-Value < 

0.05 Was Considered Statistically Significant. Levothyroxine Administration Altered Thyroid 

Function By Significantly Decreasing Serum Levels Of TSH (P=0.0162) And Significantly Increasing 

T3 (P= 0.0081) Serum Levels In Group 2 Rats Sacrificed At Day 14, Confirming Successful Induction 

Of Hyperthyroidism. Treatment With The Standard Drug, PTU, Reversed The Trend By Significantly 

Increasing Serum TSH Levels On Days 21 (P=0.0022), Day 28 (P=0.0055) And Day 35 (P=0.0175) 

And Decreasing T3 Serum Levels Significantly On Days 28 (P=0.0066) And 35 (P=0.0016) Post-

Treatment. Following Treatment With Low Dose (200mg/Kg Body Weight) MSRE (G4), There Was 

No Significant Change In Hormone Levels (P>0.05). Treatment With High Dose MSRE (G5) Led To 



70 

Significant Increase Of T3 Serum Levels On Day 28 (P=0.0235) And Day 35 (P=0.0398) 

Accompanied By Non-Significant Decrease Of TSH. Comparing Serum Levels Of TSH And T3 

Between Groups Treated With PTU And High Dose MSRE Did Not Show Any Significant Difference 

Over The Treatment Period.   Histological Analysis Of Thyroid Gland In Normal Control Rats (G1) 

Showed Normal Cuboidal Epithelial Cells And Follicles Full Of Colloidal Material.  Histopathology 

Of Thyroid Gland Showed Marked Changes In The Follicular Cells Of The Treated Male Wistar 

Albino Rats, As Compared To The Positive Control And Normal Control Groups. Thyroid Follicles 

In Hyperthyroid But Untreated Rats (G2) Were Atrophied And Contained Scanty Colloid Material. 

Histological Examination Of Thyroid Glands From Formerly Hyperthyroid Rats Treated With PTU 

(G3) And MSRE Showed  Normal Cuboidal Epithelium And Follicles Containing Colloid.  From The 

Study  Findings, It Can Be Inferred That The Rats Treated With The MSRE Concentrate(400mg/Kg) 

Shows A Great Effect As Like That Of The Standard Medication  Hence, Upon All Findings And 

Assumption It Can Be Said That  The Methanol Extract  Of  Myrica Salicifolia Root Extract  Can 

Possibly Overcome Hyperthyroidism In Albino Rats . 

Key Words:Thyroid Hormones, Hyperthyroidism, Levothyroxine, Myrica Salicifolia 
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