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ABSTRACT 
 

 

 

 

The anti-oxidant properties of both M. koenigii leaves and N. sativa seeds extracts 

have been associated with many of their pharmacological activities including 

neuroprotective potentials in experimental animal models. The purpose of the current 

study was to analyze the anti-oxidant properties and assess neuroprotective effects of 

the extracts in zebrafish and rat models. The solubility and thin layer chromatographic 

(TLC) techniques have been used as classical methods for physicochemical 

characterization. Experimental neuro-excitotoxicity was induced by AlCl3 (20 μg/mL) 

and MSG (475 μg/mL) in zebrafish embryos and larvae models through immersion 

technique while neuroinflammation by two-vessel occlusion (2VO) in healthy male 

Sprague Dawley rats. It was confirmed that N. sativa oil (NSO) and water soluble 

extract (WSE) of N. sativa seeds have different physicochemical properties while 

WSE has exhibited similar Rf value of 0.95 to that of both Tualang and Kelulut 

honeys. The presence of thymoquinone (TQ) in NSO was confirmed at (Rf = 0.86) 

compared to the standard TQ. M. koenigii leaves extract (MKLE) has showed the 

most potent anti-oxidant property with (IC50=7.63 μg/mL) followed by WSE (IC50= 

33.32 μg/mL), NSO alone (IC50= 73.67 μg/mL) and NSO + WSE (IC50= 78.22 

μg/mL) respectively against 1, 1-diphenyl-2-hydrazyl (DPPH). Both NSO (0.125 

μg/mL) and WSE (80 μg/μmL) have shown to protect the deformities of neurotoxicity 

significantly (P < 0.05) in AlCl3-induced neurotoxic zebrafish embryo model only 

after 48 hours of post-induction (hpi). In addition, WSE has also exhibited to protect 

the deformities of excitotoxicity in both of MSG-induced embryos (50 µg/mL) and 

larvae (80 µg/mL) models significantly (P < 0.05) compared to that of MSG (475 

µg/mL) after 48 hpi. 24 healthy adult male Sprague Dawley rats were randomly 

divided into four groups (n=6); Healthy Control (HC); 2VO-untreated (2VO); 

2VO+NSO treated (NSO) and 2VO+MKLE treated (MKLE). The NSO (100%, 1 

mL/kg of b.w) and MKLE (50 mg/kg/day orally) groups were pre-treated for 10 days 

prior to 2VO surgery and continued until all animals were sacrificed at the end of 10
th

 

postoperative week. Total RNA was extracted, purified and relatively quantified as 

per relative normalized gene expression (∆∆Cq) of two-step RT-qPCR assay with pre-

designed QuantiTect
®
 primers. There were significant (P<0.01) folds of difference in 

GFAP mRNA expression of NSO and HC groups as compared to that of untreated 

2VO while there was no significant (P > 0.05) of GFAP mRNA expressions for NSO 

vs. HC and MKLE vs. 2VO. Conversely, GFAP mRNA expression for MKLE was 

significantly (P < 0.05) different from NSO group. There was a significantly (P < 

0.05) down-regulated MAP2 mRNA expression in both 2VO and NSO groups as 

compared to that of HC. Yet, the MAP2 mRNA expressions in both NSO and MKLE 

treated groups were not significantly different (P > 0.05) to that of 2VO untreated. The 

overall findings suggest that MKLE could have mild neuroprotective potential via 

glutamate receptors only while N.sativa seeds extract could have superior 

neuroprotective activity via both of glutamate and MI muscarinic acetylcholine 

receptors. It is proposed that zebrafish embryo model of 24 hpf developed in this 

study could be used as a reliable tool to investigate neuroprotective potentials of any 

other crude extract or leading anti-AD drug in neurobehavioral sciences. 
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 خلاصة البحث

 
( ٓغ N. sativaاُسٞداء ) ( ٝاُحثحM. koenigiiٌَُ ٖٓ ٗثرح اٌُاس١ )ُوذ ذشاكود اُخٞاص أُعادج ُلاًسذج  

اُؼذ٣ذ ٖٓ اُراش٤شاخ اُذٝائ٤ح ٓصَ اُٞها٣ح اُؼصث٤ح ك٢ ٗٔارض ح٤ٞاٗاخ اُرعاسب. ٣ٜذف ٛزا اُثحس ا٠ُ دساسح 

شرإ اُرش٤ًة اُل٤ض٤ٔ٤ًٞ٣ائ٢ ٝذحذ٣ذ اُخٞاص أُعادج ُلاًسذج ًٝزُي خٞاص اُٞهائ٤ح اُؼصث٤ح ك٢ ًَ ٖٓ اُع

رو٤ِذ٣ح اُطشم اُ ( TLCٖٓذو٤٘ح اٌُشٝٓاذٞؿشاك٤ا ػ٠ِ اُطثوح اُشه٤وح )غش٣وح الإراتح ٝٝأسٔاى اُض٣ثشا. ذؼرثش 

ك٢ اُرٞص٤ق اُل٤ض٤ٔ٤ًٞ٣ائ٢. ذْ إحذاز اُس٤ٔح اُخ٣ِٞح اُؼصث٤ح ترؼش٣ط أظ٘ح اسٔاى اُض٣ثشا ُٔحٍِٞ  أُسرخذٓح

 475ترش٤ًض  (MSGا٤ُِٕٔٞ ٝؿِٞذآاخ أحاد٣ح اُصٞد٣ّٞ )ظضء ٖٓ  20( ترش٤ًض 3AlClًِٞس٣ذ الأ٤ُّ٘ٓٞٞ )

ظضء ٖٓ ٤ِٕٓٞ، ت٤٘ٔا ٣رْ احذاز الاُرٜاب اُؼصث٢ ُذٟ رًٞس ظشرإ اُسثشاؽ دا٢ُٝ تؼَٔ ػوذ ٓضدٝض دائ٢ٔ 

(2VO( ُوذ أشثرد اُرعشتح ٝظٞد اخرلاف ك٢ اُرش٤ًة اُل٤ض٤ٔ٤ًٞ٣ائ٢ ٌَُ ٖٓ ص٣د اُحثح اُسٞداء .)NSO )

%( 98( ٝأُسرخِصح تاسرخذاّ ٗلس أُحٍِٞ )ا٤ُٔصاٍٗٞ WSEثح اُسٞداء أُ٘حِح ك٢ أُاء )ٝخلاصح تزٝس اُح

( ٝػسَ Tualangٓشاتٜح ٌَُ ٖٓ خلاصاخ ػسَ اُرٞالاٗؾ ) Rfه٤ٔح  WSEتذٕٝ أ١ ذعضئح، ت٤٘ٔا أظٜشخ 

٣ًٕٞ٘ٞ ( ٓواسٗح تاُصRf  =0.86ٞٔ٤) NSO( ك٢ TQ(. ذْ إشثاخ ٝظٞد اُص٣ًٞٞٔ٤ٕ٘ٞ )Kelulutاٌُُِٞٞخ )

 IC50  =7.63( أهٟٞ ٗشاغ ٓعاد ُلأًسذج )MKLEأُؼ٤اس١. أظٜشخ ٓسرخِصاخ أٝسام اٌُاس١ )

 50IC  =73.67ٓ٘لشدج ) NSOشْ  ٌٓشٝؿشاّ/َٓWSE (50IC  =33.32 ،) ٌٓشٝؿشاّ/َٓ(، ذِرٜا

 .(DPPHٌٓشٝؿشاّ/َٓ( ًلا ظذ اُعزس اُحش اُصاتد ) 50IC  =78.22) NSO ٝWSEٌٓشٝؿشاّ/َٓ(، شْ 

ٌٓشٝؿشاّ اُوذسج ػ٠ِ ا٣واف سٞء  0.125ترش٤ًض  NSOٌٓشٝؿشاّ ٝ  80ترش٤ًض  WSEأظٜشخ ًلا ٖٓ 

ساػح ٖٓ الإحذاز،  48اُرشٌَ اُ٘اذط ػٖ اُس٤ٔح اُؼصث٤ح أُحذشح تٌِٞس٣ذ الأ٤ُّٗٞٔٞ ك٢ اسٔاى اُض٣ثشا كوػ تؼذ 

خ تؼذ احذاز اُس٤ٔح اُؼصث٤ح اُوذسج ػ٠ِ ا٣واف سٞء اُرشٌَ ك٢ ًَ ٖٓ الأظ٘ح ٝا٤ُشها WSEت٤٘ٔا أتذخ 

ساػح. أسرخذّ ك٢  48ظضء ٖٓ ا٤ُِٕٔٞ تؼذ  80ٝ 50ٓغ ظشػاخ WSEتـِٞذآاخ أحاد٣ح اُصٞد٣ّٞ ٓواسٗح ٓغ 

 ٓعٔٞػاخ ًاُرا٢ُ: ٓعٔٞػح ٓشظؼ٤ح ) 4ظشرا ٖٓ ٗٞع سثشاٝؽ دا٢ُٝ، ح٤س هسٔد ا٠ُ  24ٛزٙ اُرعشتح 

HC 2(، ٓعٔٞػح ظشرإ ؿ٤ش ٓؼاُعح تــVO (2VOٔٓع ،) 2ٞػح ظشرإ ٓؼاُعح تــVO  ٝ NSO (NSO ،)

َٓ/ًؾNSO (100 ،%1  )(.  ػُٞعد ٓعٔٞػر٢ MKLE) 2VO  ٝ MKLEٓعٔٞػح ظشرإ ٓؼاُعح تــ 

ٝMKLE  (50  ك٣ٞٔا ػششج أ٣اّ هثَ ظشاحح )ّٞ2ٓؾ/ًؾ/٣VO  ٝاسرٔش اُؼلاض ُؼشش أسات٤غ هثَ هرِٜا. ذْ تؼذ ،

ٝذ٘و٤رٚ ٝشْ ٓؼا٣شذٚ تطش٣وح اُ٘سخ اُؼٌس٢ ُِحٔط ا١ُٝٞ٘  (RNAرُي ظٔغ ػ٤٘اخ اُحٔط ا١ُٝٞ٘ اُشتٞص١ )

( ٓغ اػذادخ RT-qPCRٖٓ ٓشحِر٤ٖ ) (Cq∆∆)( ًرؼث٤ش ظ٤ٖ ٓؼرذٍ ٓشذثػ DNAاُش٣ث٢ )

(QuantiTect
®

ػ٘ذ   GFAP mRNA( ك٢ ذؼث٤ش P<0.01( أُعٜضج ٓسثوا. ُوذ ُٞحظد اخرلاكاخ ٜٓٔح )

( ك٢ P< 0.05٘ٔا ُْ ٣ٌٖ ٛ٘اى اخرلاف ْٜٓ احصائ٤ا )، ت٤ 2VOٓواسٗح ٓغ ٓعٔٞػح  HC  ٝNSOٓعٔٞػر٢ 

.  ُوذ ُٞحع MKLE  ٝ2VOًٝزُي ت٤ٖ ٓعٔٞػر٢  NSO ٝCEت٤ٖ ٓعٔٞػر٢  GFAP mRNAذؼث٤ش 

 10تؼذ  NSOتأُواسٗح ٓغ ٓعٔٞػح  MKLEػ٘ذ ٓعٔٞػح  GFAP mRNAاخرلاف ْٜٓ احصائ٤ا ك٢ ذؼث٤ش 

( ػ٘ذ ًلا P<0.05) MAP2 mRNAصائ٤ا ك٢ ذؼث٤ش اسات٤غ ٖٓ أُؼاُعح. ٝهذ ُٞحع ا٣عا اٗخلاض ْٜٓ اح

 MAP2، ت٤٘ٔا ُْ ٣ٌٖ الاخرلاف ٜٓٔا احصائ٤ا ذؼث٤ش CEتأُواسٗح ٓغ ٓعٔٞػح  2VO ٝNSOٓعٔٞػر٢ 

mRNA  ت٤ٖ ٓعٔٞػر٢NSO  ٝMKLE ( أُؼاُعحP>0.05)  2ٓواسٗح تأُعٔٞػح اُـ٤ش ٓؼاُعح تــVO .

ػصث٤ح خل٤لح اُر٢ ٖٓ أٌُٖٔ إٔ ذٌٕٞ ػٖ غش٣ن ٓسروثلاخ  ٣ٔراص تٞها٣ح MKLEذش٤ش اُ٘رائط اُٜ٘ائ٤ح إٔ 

اُـِٞذآاخ كوػ، ت٤٘ٔا ٖٓ أٌُٖٔ إٔ ذؤشش ٓسرخِصاخ اُحثح اُسٞداء ػٖ غش٣ن ٓسروثلاخ اُـِٞذآاخ 

ٝاُر٢ ذٔراص تلؼا٤ُح اُٞها٣ح اُؼصث٤ح الاػ٠ِ. ٖٓ أُورشغ أ٣عا إٔ  MIٝٓسروثلاخ الأس٤ر٤ٌُِٞ٤ٖ أُٞسٌاس٤٘٣ح 

ساػح تؼذ اُرخص٤ة( اُز١ غٞسٗاٙ ك٢ ٛزٙ اُذساسح ُرٌٕٞ ٗٔارض ٓصا٤ُح ٝٓلعِح أًصش  24اى اُض٣ثشا )ٗٔٞرض اسٔ

ٖٓ أ١ ٗٔارض أخشٟ ُِرحو٤ن ك٢ اُخٞاص أُحرِٔح ُٔسرخِصاخ أخشٟ، أٝ دساسح اُؼواه٤ش أُعادج ُٔشض 

 اُضٛا٣ٔش ك٢ ٓعاٍ اُؼِّٞ اُس٤ًِٞح اُؼصث٤ح.
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CHAPTER ONE 

INTRODUCTION 
 

 

 

 

1.1 BACKGROUND OF THE STUDY 

 

 

Nigella sativa L. (N.sativa) is an annual herbaceous flowering plant belonging to 

Ranunculaceae family widely grown in the Mediterranean countries, Western Asia, 

Middle East, and Eastern Europe. The preventive and relieving effects of N.sativa 

seeds have been attributed to its prominent phytoconstituents such nigellicine, 

nigellidine, TQ, dithymoquinone, thymol and carvacrol (Ahmad et al., 2013). The 

essential oil of N.sativa seeds has been reported to contain various pharmacologically 

active constituents including TQ (30-48%), thymol, thymohydroquinone, 

dithymoquinone, p-cymene (7-15%), carvacrol (6-12%), sesquiterpene longifolene (1-

8%), 4-terpineol (2-7%), t-anethol (1-4%) and α-pinene (Houghton et al., 1995; 

Ahmad et al., 2013). 

The seeds were also reported to possess many non-oily and non-caloric 

components in trace amounts including pyrazole alkaloids (nigellidine and 

nigellicine), isoquinoline alkaloids (nigellicimine and nigellicimine-N-oxide), 

saponin, vitamins (riboflavin, thiamine, niacin, pyridoxine, folic acid and vitamin E), 

and minerals (potassium, sodium, calcium, phosphorus, magnesium, copper and iron) 

(Nergiz et al., 1993; Gholamnezhad et al., 2016). 

The fixed oil (36-38%) of N.sativa seeds has been reported to compose mainly 

of unsaturated fatty acids including arachidic and eicosadienoic acids (Houghton et 

al., 1995). TQ has been reported to have potential therapeutic properties such as anti-

inflammatory, anti-histaminic, hepatoprotective, anti-oxidant and neuroprotective in 



 

2 

animal models (Hosseinzadeh et al., 2007; Khazdair, 2015). According to (Mohamed 

et al., 2002), TQ (1 mg/kg, injected into the tail vein) has increased the glutathione 

level and reduced perivascular inflammation and encephalomyelitis symptoms in rats. 

It was also reported that TQ (15 mg/kg, i.p injection in mice) treatment has showed 

90% preventive and 50% curative effects in chronic relapsing multiple sclerosis 

(Mohamed et al., 2008).  

Murraya koenigii (L.) Spreng (M.koenigii) or curry leaves belong to Rutaceae 

family is one of the most well-known ingredients in South and Southeast Asian 

cuisines including Malaysia. The leave have a little pungently bitter and softly citrus 

taste. From the leaves, different compounds have been isolated including carbazole 

alkaloids, volatile oils and many others. Several studies have been carried on its 

phytochemical screening using different types of solvents for extraction such as 

petroleum ether, ethyl acetate, chloroform, ethanol, methanol and water (Handral et 

al., 2012). 

It was reported that the leaves contain proteins, carbohydrates, fiber, minerals, 

carotene, nicotinic acid and vitamin C with high amount of oxalic acid. The leaves 

were also found to have crystalline glycosides, carbazole alkaloids, koenigin and resin 

(Handral et al., 2012). Alkaloids such as giriminbine, iso-mahanimbin, koenine, 

koenigine, koenidine and koenimbine were also found in the leaves (Narasimhan et 

al., 1975). These compounds were known to exhibit various bioactivities including 

anti-oxidant and anti-amnesic activities (Mani et al., 2012; Mani et al., 2013). The 

petroleum ether extract of the leaves pre-treatment (300 and 500 mg/kg) for 15 days 

has been reported to improve memory and learning in aged mice which was 

comparable with the effect of standard Piracetam (400 mg/kg) and it was also found 

that the same dose of petroleum ether extract has remarkably reduced the brain 
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cholinesterase activity but inferior to that of Doneprezil (0.5 mg/kg) treated mice 

(Tembhurne, 2010; Handral et al., 2012). Isolated carbazole alkaloids such 

mahanimbine and koenigine from the leaves have been reported to exhibit high degree 

of DPPH free radical scavenging activity (Rao et al., 2007). Many pharmacological 

activities of this plant have been investigated so far where most of the studies have 

been carried on the leaves using various solvents including methanol (Handral et al., 

2012).  

Recently, both N.sativa or black cumin seeds and M.koenigii or curry leaves 

have been considered as effective natural remedies against neuroinflammation-

mediated neurodegeneration, ROS in apoptosis, cerebral ischemia and hypoxia of 

CCH (Alsaif, 2007). Studies on these two natural herbs have reported them possessing 

some common bioactivities such as anti-inflammatory, anti-oxidant and anti-amnesic 

activities (Vasudevan et al., 2009; Tembhurne, 2010).  

Inflammation in central nervous system (CNS) is a key factor in 

neurodegenerative diseases including Alzheimer‘s disease (AD). Many relevant 

scientific studies suggested that neuroglial cells (i.e., astroglia and microglia) play 

critical role in inflammation-mediated neurodegeneration which could experimentally 

be achieved by two-vessel occlusion (2VO) in murine models of AD (Farkas et al., 

2007; Choi et al., 2011). A series of experiments with chronic cerebral hypoperfusion 

(CCH) in rat and gerbil models had been started in 1989 and continued until now. The 

glucose-oxygen levels can easily be manipulated or compromised physiologically by 

altering the hemodynamic status of cerebral blood flow (CBF) using a rat model that 

would assume some clinical relevance. CBF could be influenced by manipulating one 

or more of the three parameters: (1) age of rat, (2) duration of CCH and (3) severity of 

CCH (Ni et al., 1994; De la Torre, 2000). The severity depends on the supply of 
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glucose and oxygen to the brain and the duration could be maintained for 1 to 52 

weeks while both young and/or aged rats could be used. However, neither 2VO nor 3-

VO was sufficient to elicit any sensory-motor deficits or cardio-pulmonary problems 

in these animals during the period of observation (De la Torre et al., 1993). The 2VO 

model is easier to perform and less-intrusive surgical intervention compared to that of 

four-vessel occlusion which increases the risk of extraneous factors confounding the 

response to the ischemic injury while reduces the scope for recovery experiments 

(McBean et al., 1998). 

Previous studies have showed that microscopic changes of a brain were usually 

observed after 2VO consisting visuo-spatial memory impairment, hippocampal gliosis 

(astrogliosis/ microgliosis), mean hippocampal CBF reduction of 32%, loss of 

microtubule associated protein 2 (MAP2) in the apical dendrites of CA1 (a marker of 

protein synthesis and pre-synaptic activity), cytochrome oxidase decline in CA1 and 

posterior parietal cortex (a marker of neuronal energy activity), increased 

hemeoxygenase-1 expression (a marker of oxidative stress), and extracellular deposits 

of amyloid precursor protein (APP) which is localized to neuronal cell membranes and 

concentrated in synapses of neurons . 

With the help of the 2VO models, elucidation of the causal and sequential 

interactions of neurodegeneration, chronic cerebral ischemia and/or hypoxia, neuronal 

injury and memory deficits could be evaluated. The initiating role of chronic cerebral 

ischemia in neural damage to the hippocampus, the cerebral cortex, the white matter 

(WM) areas and the visual system has been demonstrated (Bouma et al., 1991; Farkas 

et al., 2005).  

The 2VO model has been applied successfully by scientists for other research 

fields, like ischemic WM injury and ischemic eye diseases by the time association of 
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decreased CBF, particularly in the temporal and parietal cortices, with AD has been 

firmly established (Matsuda, 2001; Farkas et al., 2007).  

Moreover, the relationship between regional protein synthesis in the brain and 

regional CBF has been shown to be closely linked to AD (Kalia, 2005; Girouard et al., 

2006). When blood flow in CNS reduces to 60% of the total flow, protein synthesis is 

practically suppressed (Xie et al., 1989).  

In rodents, permanent ligation of the common carotid arteries or 2VO induces 

not only morphological abnormalities in hippocampal cells (i.e., microglia and 

astroglia or neuroglia) but also quantifiable cell loss within 7 months of blood flow 

reduction (De la Torre et al., 1992; Pappas et al., 1996). The loss of neuronal cell 

bodies and synaptic contacts are the most obvious signs of neurodegeneration in 2VO 

models (Ohtaki et al., 2006; Farkas et al., 2007). 

In resting condition, microglias monitor the health of neurons cautiously and 

have strong desire to alleviate the suffering. When the brain is being injured 

physically, chemically or infected, glial cells become activated and secrete a variety of 

inflammatory mediators and neurotoxic factors that cause neuronal death (Boje et al., 

1992; Chao et al., 1992).  

Chronic neuroinflammation, cerebral ischemia and hypoxia with elevated pro-

inflammatory cytokines are closely associated with neurodegenerative diseases 

including AD, Parkinson‘s disease (PD), Huntington‘s disease (HD), amyotrophic 

lateral sclerosis (ALS), taupathies, and age-related macular degeneration (ARMD). 

Neuroglial crises with chronic neuroinflammation is the starting point for elevated 

levels of a wide range of potentially neurotoxic molecules such as pro-inflammatory 

cytokines, proteinases and reactive oxygen species (ROS) (Boje et al., 1992; Jeohn et 

al., 1998). Several methods have been developed gradually to identify the activated 


