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“He is Allah, the Makers the Creater, the Bestower of form to everyone. 

His are all good names;   all that is in the heavens and the earth glorifies 

Him: and He is the Esteemed One the Wise.”  

 

(Surah, Al-Hashar: 24, Al- Quran) 

 

 

 

“Allah does not charge a soul except (with that within) its capacity. It 

will have (the consequence of) what (good) it has gained, and it will bear 

[the consequence of] what [evil] it has earned. "Our Lord, do not impose 

blame upon us if we have forgotten or erred. Our Lord, and lay not upon 

us a burden like that which You laid upon those before us. Our Lord, and 

burden us not with that which we have no ability to bear. And pardon us; 

and forgive us; and have mercy upon us. You are our protector, so give 

us victory over the disbelieving people." 

 

(Surah, Al- Baqarah: 286, Al-Quran) 

 

 

 

Hazrat Abu Hurairah (Razi Allah talaanhu) states- “I have heared from 

Rasoollallah (ملسو هيلع هللا ىلص ) that there is cure for every disease in black 

seedsexcept death and black seeds are shooneez”. 

 

(Sahih Muslim, Hadith 5728-29) 
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CHAPTER 1 

SUMMARY 

Histopathological and micrometric alterations of mice endocrine glands 

(hypothalamus, pituitary, thyroid, parathyroid, adrenal and pancreas) against bifenthrin (Bf2.5 

and Bf5) exposure were investigated. Additionally, the rescuing potential of Nigella sativa 

seed oil (Ns) were also investigated. The study comprise on 60 male albino mice (27-30g) - 

randomly distributed in 6 groups (n=10). The vehicle control group was maintained and 

treated with 0.1ml of corn oil only for 1 – 14 days. The positive control group was treated 

with 0.1ml of corn oil for 1- 7 days and 0.1ml of 10% Nigella sativa seed oil mixed in corn 

oil for next 8-14 days, whereas the (Bf2.5) and (Bf5) groups were treated with 2.5mg/kg and 

5mg/kg Bf solutions in corn oil of the respective doses of insecticide for 1- 7 days followed 

by 0.1ml of corn oil on 8-14 days.  The BfNs2.5 and BfNs5 group animals were treated with 

0.1 ml of respective doses of Bf on 1-7 days followed by 10% Nigella sativa seed oil solution 

as in the positive control group. All animals were sacrificed on day 15 to recover the major 

endocrine glands (hypothalamus, pituitary, thyroid, parathyroid, adrenal and pancreas). 

Results show various histopathological alterations in endocrine glands (hypothalamus, 

pituitary, thyroid, parathyroid, adrenal and pancreas) related to Bf exposure. 

The characteristic pathologies of hypothalamus discovered in this study include focal 

degenerations in neuro-secretary tracts of neuroglial cells, enlargement of the neuro-secretary 

neuronal cell bodies primarily with the appearance of large vacuolations in the neuronal 

cytoplasm in Bf2.5 and Bf5 groups.The micrometric results support the histopathological 

findings and show significant variations in various micrometric parameters among the six 

groups. For example, Mean number of neurons per (2500 µm
2
) in hypothalamus remained 

significantly (p≤0.05) lower in Bf2.5 (4.14± 0.22), Bf5 (3.30±0.18),BfNs2.5 (5.04±0.20)and 

BfNs (54.22±0.23) as compared to control (6.56±0.34) and Ns (6.93±0.39) groups.Contrarily 

mean cross sectional area of neuroglial cells in hypothalamus was significantly 
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(p≥0.05)higher in Bf5 (86.43±3.53) as compared toNs (67.75±2.22) and control (68.89±2.07) 

group. 

In pituitary gland Bf exposure was found to induce histopathological changes i.e. 

cellular vacuolations causing hypertrophy finally leading to secondary atrophy and 

adenohypophyseal tissue damage in terms of focal degenerations in the typically arranged 

nest and cords of the endocrine cells. The cell nuclei were slightly elliptical instead of typical 

rounded appearance having less densely stained sinusoid.The supportive micrometric results 

also indicate significant variations in various parameters studied. Like, mean number of 

acidophils per unit area (2500µm
2
) of adenohypophysis were significantly lower(p≤0.05) in 

Bf2.5 (5.33±0.47), Bf5 (4.6±0.36) and BfNs5 (7.33±0.88) as compared to control 

(12.73±0.51) group.Similarly, number of chromophobes have shown significant decline 

(p≤0.05) inBf5 (0.00±0.00), and BfNs5 (0.00±0.00) as compared to control (1.46±0.13). 

Contrarily, the numbers of basophilic cells were significantly higher (p≥0.05) in 

Bf2.5(8.87±0.60), Bf5 (9.8±0.37), and BfNs5 (8.86±0.68) as compared to control 

(20.6±0.73). Likewise total no. of pituicytes/unit area were significantly lower(p≤0.05) in 

Bf2.5(15.26± 0.63), Bf5 (14.4±0.51) and BfNs5 (14.4±0.51) as compared to the control 

(20.6±0.73) group. 

In Bf treated groups dose dependent effect of thyroparathyroid histotoxicosis were 

observed that include depletion of thyroglobulin, fluid filled thyroid follicles, cellular 

necrosis, follicular atresia and fibrosis, degeneration of chief cells of parathyroid  and  

parathyroid vacuolations.The micrometric data of thyroparathyroid for mean CSA of medial 

follicles indicated significant decline (p≤0.05)in Bf2.5(411.33±48.50), Bf5 (261.33±24.30), 

and BfNs5 (364±27.78) groups as compared to control (770.94±93.17). Similarly mean CSA 

of marginal follicles of thyroid was significantly lower(p≤0.05) in Bf5 (3850.2±171.4) group 

as compared to control (3803.74±179.6) group. Likewise, mean CSA of follicular cells has 

shown significant decline (p≤0.05) in Bf2.5(20.04±0.89), Bf5 (13.57±0.71) and BfNs5 

(18.63±0.79) as compared to the control group.The micrometric data of parathyroid sections 
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also indicate significant (p<0.05) decline of CSA of chief cells inBf2.5(16.64±1.23), Bf5 

(13.34±0.74), BfNs2.5 (23.70±0.69)and BfNs5 (19.42±0.67) as compared to control 

(29.59±0.67) and Ns (31.68±1.1) groups. 

The histopathological land marks of adrenal gland observed in the Bf treated groups 

include randomly located enlarged follicles with hypertrophy of the chromaffin cells; marks 

of discrete medullary endocrine cells apoptosis were also distinguishable. The zona 

glomerulosa remained more or less entirely unchanged yet the zona fasciculata exhibited 

cellular hypertrophy, moreover the breached ×-zone allowing profusion of blood in zona 

fasciculata caused interruption of the cortical fascicles at numerous places.The micrometric 

results support the histopathological findings and show significant enlargement (p<0.05) in 

the meancross-sectional area (CSA) of the chromaffin cells in the Bf2.5 (185±2.6) and Bf5 

(192±2.6) groups compared to the BfNs2.5 (167±1.9) and BfNs5 (158±2.6 μm2) groups. 

Similarly, thenumber of cells per fascicle in the Bf2.5, Bf5, BfNs2.5, and BfNs5 groups 

(18.6±0.4,19.4±0.3, 16.3±0.5, and 16.6±0.4 respectively) were significantly higher (p<0.05) 

than inthe control and Ns groups (14.9±0.3 and 15.5±0.4, respectively).  In contrast, the mean 

CSAof the fascicular cells was significantly higher (p<0.05) in the Ns (101±2) and control 

(103±2.8) groups than in the Bf treated groups (75±1.9, 66±2.5, 95±1.8, and91±2, 

respectively). 

In Bftreated groups, periphery of pancreatic islets give an impression of 

disassociation of the adjacent cells with focal endocrine cells degeneration. The islets seems 

to show enlargement of individual endocrine cells as their nuclei were seem more distantly 

placed as compared to the control group. Some apoptotic signs in the form of nuclear 

distortions and dissolutions were also seen.The micrometry estimations have likewise showed 

a significantly (p<0.05) higher mean Cross-Sectional Area (CSA) of the pancreatic islets in 

Ns (16521±1744), BfNs2.5 (16930±1700) and Bf2.5 (13703±1572) than the Bf5 

(6382±1405), Vc (9464.75±955) and Bf Ns5 (11451±1099). The mean CSA of endocrine 

cells of islets in Bf2.5 (30.1±1.39µ
2
) remained significantly higher than rest of all the groups 
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(Vc: 23.1±0.8; Ns: 21.6±0.85; Bf5: 24.4±1.03; BfNs2.5: 25.2±0.95 and BfNs5: 22.1±0.71) 

and the mean number of cells in the islets/unit area (289µ
2
) in Bf2.5 and Bf5 (141.37±6.3 and 

132.03±6.5 respectively) remained significantly lower than Ns (150.89±6.7), Vc 

(174.43±6.6), BfNs2.5 (172.97±6.4) and BfNs5 (150.61±6.5) groups. 

 The architectural distribution and histometery of Ns group did not differ much with 

that of Vc group. However in BfNs2.5 and BfNs5 the pace of rehabilitation of histo-

architecture of endocrine glands were much higher than that of Bf2.5 and Bf5 groups, clearly 

indicating the significance of Ns seed oil in rehabilitation of histological land marks of 

intoxicated mice endocrine glands. The Nigella sativa seed oil post treated group has shown 

rehabilitative effects against histopathologies. 

 On the basis of these findings, it is concluded that insecticide harbor endocrine gland 

histopathological potentials that are at least partially rescue-able by Nigella sativa oil 

treatment.  These findings thus indicate effective neutraceutical potential of Ns oil for 

possible human consumption in similar accidental exposure to the insecticide. 

Histopathological and micrometric alterations of mice endocrine glands( 

hypothalamus, pituitary, thyroid, parathyroid, adrenal and pancreas) against bifenthrin (Bf2.5 

and Bf5) exposure were investigated, additionally, the rescuing potential of Nigella sativa  

seed oil (Ns) were also investigated. The study comprise on 60 male albino mice (28-30g) - 

randomly distributed in 6 groups (n=10). The vehicle control group was maintained and 

treated with 0.1ml of corn oil only for 1 – 14 days. The positive control group was treated 

with 0.1ml of corn oil for 1- 7 days and 0.1ml of 10% Nigella sativa seed oil mixed in corn 

oil for next 8-14 days, whereas the (Bf2.5) and (Bf5) groups were treated with 2.5mg/kg and 

5mg/kg Bf solutions in corn oil of the respective doses of insecticide for 1- 7 days followed 

by 0.1ml of corn oil on 8-14 days.  The BfNs2.5 and BfNs5 group animals were treated with 

0.1 ml of respective doses of Bf on 1-7 days followed by 10% Nigella sativa seed oil solution 

as in the positive control group. All animals were sacrificed on day 15 to recover the major 
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endocrine glands (hypothalamus, pituitary, thyroid, parathyroid, adrenal and pancreas). 

Results show various histopathological alterations in endocrine glands (hypothalamus, 

pituitary, thyroid, parathyroid, adrenal and pancreas) related to Bf exposure. 

The characteristic pathologies of hypothalamus discovered in this study include focal 

degenerations in neuro-secretary tracts of neuroglial cells, enlargement of the neuro-secretary 

neuronal cell bodies primarily with the appearance of large vacuolations in the neuronal 

cytoplasm in Bf2.5 and Bf5 groups. In pituitary gland Bf exposure was found to induce 

histopathological changes i.e. cellular vacuolations causing hypertrophy finally leading to 

secondary atrophy and adenohypophyseal tissue damage in terms of focal degenerations in 

the typically arranged nest and cords of the endocrine cells. The cell nuclei were slightly 

elliptical instead of typical rounded appearance having less densely stained sinusoid. In Bf  

treated groups dose dependent effect of thyroparathyroid histotoxicosis were observed that 

include depletion of thyroglobulin, fluid filled thyroid follicles, cellular necrosis, follicular 

atresia and fibrosis, degeneration of chief cells of parathyroid  and  parathyroid 

vacuolations.The histopathological land marks of adrenal gland observed in the Bf treated 

groups include randomly located enlarged follicles with hypertrophy of the chromaffin cells; 

marks of discrete medullary endocrine cells apoptosis were also distinguishable. The zona 

glomerulosa remained more or less entirely unchanged yet the zona fasciculata exhibited 

cellular hypertrophy, moreover the breached ×-zone allowing profusion of blood in zona 

fasciculata caused interruption of the cortical fascicles at numerous places.In Bftreated 

groups, periphery of pancreatic islets give an impression of disassociation of the adjacent 

cells with focal endocrine cells degeneration. The islets seems to show enlargement of 

individual endocrine cells as their nuclei were seem more distantly placed as compared to the 

control group. Some apoptotic signs in the form of nuclear distortions and dissolutions were 

also seen. Additionally significantalterations (p≤0.05) were observed in micrometric 

parameters of hypothalamus and pituitary include theCSA and number of neuroglial cells per 



(6) 

 

unit area of hypothalamus, number of acidophils,  basophils, chromophobes,  total number of 

pituicytes per unit area, CSA of pituicytes and relative area occupied by pituicytes. 

Similar alterations were observed in micrometric parameters of thyroparathyroid, 

adrenal and pancreas including the CSA of the medial and marginal follicles, follicular cells 

nuclei of thyroid and chief cells in parathyroid; mean CSA of cells in zona glomerulosa, zona 

fasciculate, chromaffin cells, chromaffin cell’s nuclei, cytoplasmic granules per chromaffin 

cells and non-granular cytoplasmic area of chromaffin cells  of adrenal gland; and no. of 

endocrine cells/unit area and CSA of the Islets of Langerhans. 

 The architectural distribution and histometery of Ns group did not differ much with 

that of Vc group. However in BfNs2.5 and BfNs5 the pace of rehabilitation of histo-

architecture of endocrine glands were much higher than that of Bf2.5 and Bf5 groups, clearly 

indicating the significance of Ns seed oil in rehabilitation of histological land marks of 

intoxicated mice endocrine glands.The Nigella sativa seed oil post treated group has shown 

rehabilitative effects against histopathologies. 

On the basis of these findings, it is concluded that insecticide harbor endocrine gland 

histopathological potentials that are at least partially rescue-able by Nigella sativa oil 

treatment.  These findings thus indicate effective neutraceutical potential of Ns oil for 

possible human consumption in similar accidental exposure to the insecticide. 
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CHAPTER 2 

INTRODUCTION 

2.1. Pyrethroids 

Pyrethroids are most commonly used pesticides across the world to secure and 

store agriculture and agricultural products (Redshaw et al., 2013). Right from the 

beginning the pesticide use has been increasing in non-agricultural set-ups for 

effective pest control (Hagnady et al., 2003). Synthetic pyrethroids are powerful and 

environmentally stable molecule than natural pyrethrins (Soderlund et al., 2002). 

There are two classes of pyrethroids (type 1 and type 2) depending on the presence 

(type 2: Deltamethrin, Cyhalothrin, fenvalerate, cypermethrin,  fenpropethrin, 

flumethrin, cyfluthrin, flucythrinate,  tralomethrin) and absence (type 1: Bifenthrin, 

teramethrin,resmethrin,permethrin,allethrin, phenothrin and tefluthrin) of α- cyano 

group (Ranson et al., 2011; Thatheyus and Selvam, 2013). Pyrethroids generally 

affect the peripheral nerves through extended openings of the Na
+
channels (Davies et 

al., 2007). 

Pyrethroids occupied a considerable share in the universal market of the 

insecticides (Amweg et al., 2005).  Pyrethroids are synthetic insecticides comparable 

to the natural organic pyrethrins found in chrysenthemum flowers (C. 

cinerariaefolium and C. coccineum) (Weston and Lydy, 2010). The six natural 

pyrethrins (pyrethrin, cinerin, jasmolin I and II) are esters of three cyclopentenolone 

alcohols and two cyclopropanecarboxylic acid (jasmolol or cynerol and piretrol) 

(Kaneko, 2010). Naturally occurring pyrethrins are quickly degraded by light 

therefore; synthetic pyrethroids were introduced for extended half-life and stability 

(Elliott et al., 1978). Pyrethroids are neurotoxins (Soderlund, 2002) and can cause 
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neuro-developmental toxicity (Shafer et al., 2005). They cause inhibition of neural 

development in newborn rodents (Cantalamessa, 1993) and neuron death in adult 

animals (Abdel-Rahman et al., 2004). They are well documented as potent 

reproductive, immuno toxicant (Mense et al., 2006; Zhao et al., 2009; Tanner and 

Knuth, 1996) and endocrine disruptors (Zhao et al., 2008; Wang et al., 2009) as well 

like other pesticided pyrethroids are also potential cause of lipid peroxidation and 

generation of reactive oxygen species in exposed organisms. They are potential 

oxidants as they cause lipid peroxidation by producing reactive oxygen species 

(Devasena and Sushma 2010). 

Pesticides have great contribution in many fields like economy, agriculture 

and public health through insect pest management (Hemingway et al., 2002). Their 

toxic impacts on the target and non-target animals are at least partially inflicted by 

means of oxidative stress and increased lipid peroxidation (Ismail and Mohamed, 

2012). Additionally the pesticides potentially cause endocrine disruptions (Lemaire et 

al., 2006). Thus they are potent cause of endocrine glands toxicology, including 

pituitary, adrenal, thyroid, gonads, pancreas, hypophysis and hypothalamus in human 

(Meeker et al., 2009; Peiris-John and Wickremasinghe, 2008).  

2.2. Bifenthrin (Bf) 

Bifenthrin is one of the most common commercially used types I pyrethroid 

(Jin et al., 2014). Its chemical formula is C23H22ClF3O2 (Patty, 2001). It is 

cyclopropanecarboxylate ester of alcohol (Soderlund et al.,   2002). It’s melting and 

boiling points are 66.6 - 69.0 °C and less than 285°C respectively (Spruit et al., 2002). 

It is effective against various foliar pest groups including coloeptera, diptera, 

heteroptera, lepidoptera, homoptera and orthoptera that cause damage to crops like 
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pulses, cereals, cotton, ornamental plants, fruits and vegetables (Reddy and Rao, 

2002). Its applications are increasing in public health sectors to control mosquitoes 

(Mittal et al., 2002). 

2.3. Bifenthrin Toxicity 

Bifenthrin is used for human welfare and has detrimental effects on non-target 

organisms (John, 2007). It has been reported to be a potent teratogen causing 

abnormalities in morphology of embryo such as bulging eye, fore limb dysplasia, 

hydrocephaly, anencephaly, hindlimb dysplasia, haemorrhage spot on head as well as 

abdomen, kyphosis, macrocephaly, open eye lid, coarse dermis, lesser developed 

snout, spina bifida and small tail during development (Zafar et al., 2013). The signs of 

overtoxicity in rats included trembles, convulsions, seizures, unusual posture, in 

coordination and staggering gaits (Soderlund et al., 2002), head shaking, pawing, and 

decreased grip strength have also been observed (Wolansky et al., 2007). 

Bifenthrin is hepato toxic causing hypertrophy of the hepatocytes and 

sinusoidal expansions in female rabbits (Shakoori et al., 1990). Bifenthrin has also 

caused deleterious effects on kidney and liver of amphibians. Hepatic lesions in frogs 

exposed to Bf aredescribed by vacuolation of hepatocytes, perisinusoidal and 

periportal fibrosis, dilation of sinusoid spaces and hepato cellular infiltrates (Paunescu 

et al., 2012). Its neurotoxicity (Shafer et al., 2005; Wolansky and Harrill, 2008), 

immunotoxicity (Dutta and Das, 2011), reproductive toxicity (Yousef, 2010) and 

cytotoxicity (Zhang et al., 2010) is well documented.  

In humans, intake of Bf may causesore throat, nausea, mouth ulceration, 

difficulty to swallow, headache and fatigue. Symptoms less frequently reported 
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include distorted vision, heart shivers and stiffness in the chest   (Bradberry et al., 

2007). Bf cause oxidative stress in human erythrocytes by effecting catalase (CAT) 

and superoxide dismutase (SOD) activities. Results indicate that oxidative stress 

induced by Bf may cause lipid peroxidation and depressed antioxidative enzyme 

activities in human blood (Wodaa et al., 2010).  

2.4. Endocrine Glands 

2.4.1 Pituitary Gland 

It was reported that Bf has endocrine disruption activity and its metabolites 

were more hazardeous than parent compounds (Brander et al., 2012). The pituitary 

gland has a vital regulatory role in the endocrine system. Nervous and endocrine 

systems are connected through the pituitary gland (Evans, 1993). The hypothalamus 

controls its secretions(Dyce, 1987). Many endogenous and exogenous activities 

canmodify the pituitary functions (Thomas et al.,1994). It was harmfully affected by 

food contaminations as polychlorinated biphenyls (Johansson et al.,2006). 

2.4.2. Adrenal Gland 

The adrenal glands are paired flattened endocrine organs present in abdominal 

cavity and sit on the superior portion of the kidney (Frandson et al., 2003). These are 

multifarious endocrine glands regulating many physiological activities, like stress 

response, osmoregulation, metabolism, inflammation, immune functions and the 

cardiovascular system (Bland et al., 2003). Adrenal gland affect the functional 

capability of vital body organs including liver, kidney, bones, muscles, heart and 

nervous system in animals  because its hormones directly influence the metabolism of 

carbohydrates proteins and lipids (Harvey, 2010). 



(11) 

 

The adrenals are two discrete endocrine organs called the cortex and medulla 

(Prasad and Sinha, 1981) that are covered by a thick connective tissue capsule 

(Hussin, 2003). The cortex is fleshy tissue, cream or light yellow in color in different 

individuals depending upon the lipid content (Robert et al., 1975) while medulla is 

reddish brown in color due to its lavish blood supply (Gelberg et al., 1979). The 

cortex is divided into distinct histological zones, outmost the zona glomerulosa, 

intermediate zona fasciculate and innermost zona reticularis which directly adjacent 

the medullary portion (Arnold, 1866). These zones produced distinct types of steroid 

hormones (Keegan and Hammer, 2002). Stress related actions such as insecticide 

exposure activate adrenal cortex and medulla for enhanced secretions of 

glucocorticoids and catecholamines respectively (Jortner, 2008).  

  Cypermethrin, a synthetic pyrethroid (PYR) insecticide (Assayed et al., 

2010) has deleterious effects in mammals and can accumulate in adrenal glands,  

kidneys, ovaries, heart and liver (Hall et al., 1980; Manna et al., 2004). Considerable 

increase in adrenal weight has been observed in cypermethrin and cybil treated male 

rats (Liu et al., 2006). Lambda cyhalothrin (LCT) is a type II Pyr (Cheng et al., 2009; 

Colombo et al., 2013). It causes necrotic degeneration of the adrenal and tissue 

congestion in kidney.  

2.4.3. Thyroid Gland 

The thyroid gland is distinctive due to its size. Among endocrine glands it is 

the majorand most responsive gland in the human body (Maitra et al., 2004). This is 

the main point of the endocrine disrupting chemicals.  The thyroid functional 

disturbances lead to severe consequences as its hormones play key role to maintain 

physiological status of vertebrates (Tebourbi et al., 2010). This endocrine gland store 
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and release hormones into the blood stream. It plays vital role in utilizationof lipid, 

carbohydrate and protein in thermogenesis. The hypothalamus secretes the TRH when 

there is low thyroid hormone level in blood. It stimulates the adenohypophysis to 

secrete thyroid stimulating hormone (Sukkar et al., 2000). This in turn stimulates the 

thyroid gland to raise the hormonallevel in the blood stream (Cecie et al., 2007). It is 

regulated by feedback mechanism of the pituitary and hypothalamus (Ito, 2010). 

Many animal studies reported the metabolic disturbances of thyroid gland due to 

exposure of poly halogenated biphenyls (Collins et al,1980). 

Various pesticides have been reported to suppress thyroid activity (Leghait et 

al., 2009). Chlorpyrifos exposure badly affects the thyroid gland causing 

hypothyroidism. Histologically,decreased amount of colloid and the size of follicles, 

focal disintegration of follicular cells and thickened collagen fibers have been 

reported. (Shady, 2010). Simultaneous significant decrease in thyroid stimulating 

hormone, triiodothyronine and thyroxine were also reported(Lamfon, 2014). 

Bifenthrin inhibits thyroid secretion and decreased the rate of growth in rats (Akhter 

et al.,1996).  

2.4.4. Pancreas 

Pancreas is a vital organ performing exocrine and endocrine roles (Jorgensen 

et al., 2007) producing digestive enzymes and hormones respectively (Collombat et 

al., 2006). The exocrine and endocrine portions make almost 95% and 1–2% of the 

volume of the pancreas respectively (Kim and Hebrok, 2001). 

The exocrine tissue is the main part, composed of acinar cells and complicated 

ductal system (Pan and Wright, 2011).  Acinar cells are involved in production and 

secretion of various enzymes which are required for food digestion and ducts collect 
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and transport these enzymes to the duodenum in the form of pancreatic juice (Gittes, 

2009).  

Endocrine cells of pancreas are made from a vibrant epithelium in a process as 

in any developing organ. Research on pancreas organogenesis is greatly encouraged 

by the prospective to reinstate functional β-cells in diabetic patients(Rieck et al., 

2012). It has four types of endocrine cells that are characterized by their hormone 

secretions: alpha cells secreted by glucagon, beta cells secreted by insulin, delta cells 

secreted from somatostatin and pancreatic polypeptide producing cells (Johansson   et 

al., 2007). Pancreatic islets are richly supplied with arterial blood from arterioles, 

which form a crowded glomerulus like capillary network piercing through the islet 

capsule (Bonner-Weir, 1988). The endocrine pancreas is structurally and functionally 

firmly incorporated with the exocrine pancreas and modifies its function (Pandiri, 

2014). Exocrine or endocrine pancreas malfunctioning can lead to a number of 

destructive diseases like pancreatitis, pancreatic cancer or diabetes mellitus 

(Amsterdam and Jamieson, 1974). 

Insulin is the major anabolic hormone that involved in glucose homeostasis. It 

is stored and secreted from β-cells by a complicated and highly synchronized process 

(Ashcroft et al., 1994). Type 1 diabetes is caused by autoimmune-mediated damage of 

endocrine β cells. In case of type 2 diabetes β cell number also steadily declines 

(Donath and Halban, 2004). 

Pesticides such as organophosphorus and organochlorine   have poisonous 

effects on glucose metabolism and insulin secretion (Raafat et al., 2012). Relative 

occurrence of diabetes with pesticides exposure, particularly organochlorines and 

organophosphorus has also been reported (Montgomery et al., 2008). Deltamethrin, a 
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pyrethroid, causes the blood glucose and adrenalin level to be increased leading to 

hyperglycemia (Cremer and Seville, 1982). Pesticides may cause diabetes through 

multiple pathways involved in glucose regulation like oxidative stress, nitrosative 

stress and pancreatitis (Mostafalou and Abdollahi, 2013). 

2.5. Corn Oil 

In Preclinical estimation of molecules they have orally given to trial animals 

using proper vehicles. Effects of corn oil as a vehicle was studied and found that corn 

oil improve the body weight and survival time of mice as compared to water (Singh, 

2012).In a toxicity study, the vehicle used for dose treatment frequently constitutes a 

confusing factor in the estimation of harmfulness of the substance. Many studies have 

shown that the choice of vehicle can affect application, supply and toxicity of 

chemicals (Condie et al., 1986; Eaton and Klaassen, 1995; Farooqui et al., 

1995; Withey et al., 1983). In toxicity studies, the corn oil was the most commonly 

used vehicle to administer lipophilic chemicals to rodents.  It is one of the oils that 

have been suggested as a replacement of saturated fat due to its major contents of 

polyunsaturated fatty acid (Dupont et al., 1990).  

2.6. Nigella sativa Oil 

Medicinal plants may be defined as those plants that are usually used in 

treating specific ailments due to their novel phytochemistry (Nostro et al. 2000). 

Considering the side effects of allopathic medicines scientist are now trying to find 

disease treatment from plant sources "back to nature," Nigella sativa plant belongs to 

the family Ranunculaceae (Padhye et al., 2008). It has defensive and remedial actions. 

The holy book Sahih al-BukharideclaresNigella sativa as “a cure for every disease 
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except death” (Sahih Bukhari vol. 7 book 71 # 592). A lot of medicinal plants and 

their purified components have been used due to their beneficial remedial abilities. 

Seeds of Nigella sativa have also been shown favorable therapeutic potentials against 

toxicity implications (Salem, 2005). 

2.7. Phytochemistry 

The Nigella sativa oil was reported to be valuable due to its bioactive 

components. It contains 36-38 percent fixed oil and 0.4-2.5 percent essential oils. The 

major part of the essential oil is thymoquinone that is a biologically active constituent 

of this plant (Ali and Blunden, 2003). The fixed oils were generally consisting of 

unsaturated fatty acid that contains linolenic,linoleicarachidonic and eicosadienoic 

acid. The saturated fatty acid present in the oil are myristic, palmitic and stearic acid 

(Hajhashemi et al., 2004). It contains lavish amounts of polyphenols and tocopherols 

(Meziti et al., 2012). It also contains α-spinasterol, β-sitosterol, cholesterol, citronellyl 

acetate, campesterol, citronellol, carvone, p-cymene, limonene, nigellone, 

stigmasterol, oleic and palmitoleic acids (Djilani and Dicko, 2011). The liver 

transformed the seeds carotene in to the vitamin A. These dynamiccomponents of 

Nigella sativa oil were separated and recognized for their benefits and medicinal 

effects (Forouzanfar, 2014). The most precious bioactive constituents of N.S oil are 

thymoquinone (TQ), thymol, thymohydroquinone and p-cymene (Ghosheh et al., 

1999).   
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2.8. Ameliorative Potentials of Nigella sativa Seed Oil 

The Nigella sativa oil is normally used as nutritional complement as they have 

been reported to hold antioxidant, antibacterial, anti-inflammatory, antitumor 

activities and stimulatory effects on the immune system (Burits and Bucar, 2000). In 

traditional medicines Black seeds have been used for the cure of several health 

problems (Bourgou et al, 2010). Theystimulate milk production (Hosseinzadeh et al, 

2013). N. sativa seeds constituent of t-anethole (1-4%) considered to have lactogenic 

activity of this plant (Khader et al, 2009). The enormous remedialproperties of the 

Nigella sativa oil are due to phenolic contents that hold extraordinary antioxidant 

activity.  Phenolic contents of Nigella sativa were more than any other edible oil 

except olive oil (Salvador et al., 2001).  

Nigella sativa seeds oil shows remedial effects for stress gastritis in 

hypothyroidal rats (Khaled and Abdel-Sater, 2009). It is also reported to enhance 

fertility level of female rats (Mukhallad et al., 2009; Al-Sa'aidi et al., 2009). It has an 

encouraging effect on lipid profile as it lowers the triglyceride, total cholesterol and 

(LDL) cholesterol and increase the (HDL) cholesterol in albino rats (Buriro and 

Tayyab, 2007). Many studies reported that Nigella sativa  restore the beta cells of 

islets of the pancreas (Le et al., 2004; Bamosa et al., 2010; Balaha et al., 2012; 

Sabzghabaee et al., 2012; Abdelmeguid et al., 2010; Rchid et al., 2004; Al-Logmani 
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et al., 2011). N. sativa oil has been found to ameliorate Propylthiouracilinduced 

oxidative stress and injury of thyroid follicles, therefore has a significant therapeutic 

role in hypothyroid disease (Khalawi et al., 2013). It also repairs the thyroid gland and 

resynthesizes the hormone (Ismail et al., 2003). Its oil repairs the injuries of testes to 

the normal condition and thus enhanced semen quality in chloropyrifos treated rat 

(Mosbah, et al., 2012). 

Nigella sativa possess estrogenic activity.  Because Nigella have usually been 

used for the treatment of menopausal symptoms and improve lactation in nursing 

mothers and to regulate menstrual cycle among females in folk medicine (Bourgou et 

al., 2008). It revealed the desired effects on the histological, biochemical and physical 

parameters of the uterine tissue in ovariectomized rats and have beneficial role in 

healing of postmenopausal symptoms (Parhizkar et al., 2011). It possessesunsaturated 

fatty acid contents that have estrogenic activity (Suzuki et al., 2008). Enhanced 

reproductive performance in hyperlipidemic male rats due to unsaturated fatty acids 

contents that are important to maintain the reproductive ability of male animals, 

particularly when they are getting older (Bashandy, 2007).  Nigella sativa acts as 

antidiabetic agent due to thymoquinone. Itexhibits its antioxidative properties. It 

inhibits eicosanoid generation and membrane lipid peroxidation (Ilaiyaraja et al., 

2010). It stimulates β-cells of Islets of Langerhans of endocrine pancreas (Rchid et al., 

2004) and decreases intestinal absorption of glucose from the lumen of gut (Le et al. 

2004). It increases the insulin effects on the target organs. It has the potential to lower 

the blood glucose (Ali, 2004). It mediates its glucose lowering effect through 

augmentation of peripheral metabolism of glucose, raise in insulin release and at the 

same time a decrease in glucagon release or may be due  to an intestinal reduction of 

absorption of glucose (Zaoui et al., 2002). 
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In stress conditionsN. sativa can decrease lipid peroxidation, serum nitric 

oxide and also increased anti-oxidant enzyme activity (Coskun et al. 2004). In 

Alloxan induced diabetic rats the serum concentration of triiodothyronine returned to 

the normal level after 14 days oral administration of N. sativa L. ethanolic extract. On 

the other hand in normal Wistar albino rats serum concentration of thyroxin was 

increased (Sharif et al, 2012).  

Nigella sativa seeds powder or oil are also known for hypocholesterolemic 

and antiatherogenic cardioprotective properties (Al-Naqeeb et al., 2011). They are 

also being used against eczema, asthma and for the stings of spider and scorpion and 

bites ofcat, dog and snake (Al-Jishi and Hoziafa, 2003). They show dose dependent 

anti parasite activity(Abdulelah and Zainal-Abidin, 2007; El-Hadi et al., 2010). 

Moreover its aqueous and alcoholic extract is effective against breast cancer cells 

(Farah and Begum, 2003). In streptozotocin induced toxicity Ns increased the serum 

level of glucose and insulin and have protective effects on β-cell damage of pancreas 

(Omar and Atia, 2012). Nigella sativa has decreased oxidative stress and preserve 

integrity of β –cells in pancreas. It may inhibit the hypothalamus- pituitary-adrenal 

axis and improved the serum concentraion of insulin (Kamal and Mansi, 2006). 

Nigella sativa treatment rebuilt the beta cells of islets of the pancreas (Balaha et al. 

2012). 

2.9. Ameliorations of Thymoquinone 

Thymoquinone has many medicinal properties like anti-oxidant (Zegaracet al., 

2009), anti-inflammatory (Hajhashemi et al., 2004), anti-tumor (Banerjee et al., 2010) 

and analgesic. Thymoquinone and l-cystein obtained from N. sativa ameliorates 

deleterious effects of CdCl2 on testicular endocrine and spermatogenic functions 
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(Sayed et al., 2014). Thymoquinone reinstate the enzymatic andnon-enzymatic 

antioxidative actions and sustain malondialdehyde level in brain (Sheikh and 

Mohamadin, 2012).It restrains eicosanoid generation in membrane lipid per oxidation 

of brain and peritoneal leukocytes (Houghton et al., 1995). It attenuatesmany renal 

toxicities due to oxygen free radical damage such as cisplatin induced toxicity of 

nephron in mice (Badary et al., 1997). It protects the liver against carbon tetrachloride 

induced toxicity in mice (Mansour et al., 2002). It has a protective effect against 

experimental colitis in rat (Mahgoub, 2003). It decreases the oxidative stress in terms 

of biochemical parameters and it is an effective healing agent for CNS depression 

(Adel, 2013). It inhibits cell proliferation and has immunoprotective, antitumor and 

antioxidative properties. The mechanisms are likely to be related to inhibition of cell 

proliferation (Salim, 2010).  

By considering efficient curative and remedial potentials of N.S to the 

endocrine glands furthermore the scarcity of knowledge about its endocrine protective 

effects against pyrethyroid insecticides, this study was aimed to check its ameliorative 

potentials against Bf toxicity in endocrine glands through histopathological and 

micrometric analysis. 
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CHAPTER 3  

REVIEW OF LITERATURE 

 

Insecticides exposure could be hazardous to health (Feron and Groten, 2002). 

Increased utilization of pyrethyroid as well as its exposure to human has created 

toxicological concerns (Kolaczinski and Curtis, 2004).  Animals have also exhibited 

changes in their pathological features and other physiological activities. So the 

lethality of pyrethroid insect sprays to the mammals has attracted more attention 

(Sakr, 2003).It is observed that pyrethroids are one of the reasons to disturb the 

endocrine system that have harmful influences upon the immune system (Bian et al., 

2004).Lambda-cyhalothrin (LCT) is a synthetic pyrethroid that is commonly used to 

control insects. Its toxic effects observed in rat thyroid glands were collapsed follicles 

with reduced colloids, cramming of blood vessels andhyperaemia among follicles (Al-

Amoudi,2018).Bifenthrin is the third generation of synthetic pyrethroid. It has more 

insecticidal activity and photostability than former pyrethroids (Mokry and Hoagland, 

1989). It has wide range of actions against foliarpests including orthoptera, 

lepidoptera, homoptera, heteroptera, diptera, coloeptera and the crop varieties 

including vegetables, ornaments, pulses, cotton andcereals (Ware, 2000). Canola oil is 

considered as one of the best vegetable oils due to its biological functions, ability to 

improve health and reduce disease related risk factors (Lin et al., 2013).The oil of 

Nigella sativa had inhibited paracetamol-induced  toxic effects in mice  adrenal 

glands that were  loss of weight, decrease in diameter as well as a decrease in the 

thickness of fasciculate,  reticularis and glomerulosa,zones (Abdel-

Sada,2018).Methanolic extract of Nigella sativa could change the release of amino 

acids in different brain regions and help in the the treatment of neurogenerative 
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disorders. (El-Naggar et al, 2017). Thymoquinone restored the activities of enzymatic 

and nonenzymatic antioxidants and maintain malondialdehyde level in brain (Sheikh, 

2012). 

 Nagilla sativa has remarkable measure of sex hormones progesterone, 

prolactin, estradiol, and testosterone. This may cause the irregularities of menstrual 

cycle when its capsules are taken as a natural treatment to lower blood glucose in 

diabetic patients (Abdulsamie, 2006).  

3.1. Justification and Likely Benefits 

3.1.1.   Bifenthrin is toxic and its use is increasing day by day  

Synthetic pyrethroid insect is the poison easily available to customers, because it is 

highly utilized to replace organophosphorus in the United States and other countries 

(Heudorf et al., 2006). Moreover, the exposure to pesticides is an issue which is 

getting significance attention in the underdeveloped nations (Sawaya et al., 2000).  

3.1.2 Why especially Endocrine Gland Toxicology? 

There is little data available about the pyrethroid toxicity of endocrine function. The 

animals in vitro studies propose that some of them may have endocrine disturbing 

properties (Sun et al., 2007). Experimental studies have proved that the pyrethroid 

exposure can change the thyroid function (Liu et al., 2006). 

3.1.3 Use of Natural Antioxidants to Address Toxicology of Bifenthrin 

Furthermore, oil of Nagilla sativa as natural protecting agent against Bifenthrin induced 

oxidative stress related to endocrine gland toxicology will also be investigated. 
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3.2. Likely Benefits 

 Present research work will highlight the Bifenthrin chronic exposure related to 

endocrine glands at the histopathological and micrometric levels. 

 Furthermore the proposed research project will highlight the extant of 

ameliorative potentials of Nigella sativa oil upon such histopathologies of 

Bifenthrin.  

 As present study is planned to be carried out on a laboratory mammalian 

model (albino mice) so that the results obtained may be used for probable 

human benefit. 

 Still another probable benefit of this study will be in terms of designing new 

hypotheses for further explorations of the beneficial properties of Nigella 

sativa oil as medicinal plant. 

 Nigella sativa seed oil has recently been explored as excellent natural healer 

with little unwanted / toxic potentials of its own.  

3.3. Rationale of the Research Project  

  Keeping forth its widest range of uses and various reported indications of its 

neuro and endocrine disruptions, the present research work was planned to explore the 

bifenthrin exposure related  histopathological effect on the major endocrine glands in 

adult male mice using Kanola oil as vehicle. It was further decided to explore the 

rescuing potentials of Nagilla sativa seed oil against such histo-pathologies.  
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3.4. Objectives 

 The research work will include detailed microscopic and micrometric studies.  

 The targeted objective of this dissertation will be to explore in detail the histo-

architectural change of Bifenthrin exposure on the major endocrine glands 

(Hypothalamus, Pituitary, Thyroid, Parathyroids, Pancreas and Adrenals) of 

mice. 

 And to find out any potential benefits of the use of Nigella sativa seeds oil on 

such endocrine histopathologies. 

 Based upon the results obtained research reports will be produced and will be 

published in well reputed journals for contribution in the existing knowledge 

on bifnthrin toxicity. 

 Furthermore we will formulate recommendations for safer use of bifenthrin to 

save the users from un-necessary exposure to this insecticide.  

 And finally to suggest the benefits of Nagillasativa seed oil (if any) against 

such neuro and endocrine pathologies for the potential human benefits.  
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CHAPTER 4 

MATERIALS AND METHODS 

 

4.1. Animal Care and Maintenance 

 The research study was conducted on sixty adult male (27-30g) Swiss Webster 

albino mice (Mus musculus), taken from colony reared in an animal house, 

Department of Zoology, University of Sargodha. Animals were divided into six 

groups (of 10 animals each) randomly. Animals were feed with self-prepared dose.  

The animals were accommodated comfortably in stainless steel gauzed cages. In 

animal house a 12-12hrs dark and light cycle was followed and ambient conditions of 

temperature (23±3C) and humidity of 45% were maintained.Fine paper pieces were 

provided for bedding. The housing facilities provided to the experimental animals 

were similar as in (Sulemanet al., 2017). 

4.2. Preparation of BF Solutions 

 Bifenthrin of technical grade (97.8 %), (Batch No# Auc/20130611, synthesized by 

Be Star China) obtained from Auriga chemical enterprises (with courtesy of Dr. Basharat Ali 

Saleem Horticulture Officer, Agriculture Deptt. Sargodha). The stock solution of 20mg/kg 

was synthesized, and diluted to preferredconcentrations which were 5mg/kg and 

2.5mg/kg. 

20 mg/kg standard solution of bifenthrin was synthesized by givencalculations 

20mg/kg means 

 Required dose when animal weight is 1000g  = 20mg 
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 Required dose when animal weight is 1g   = 20mg/1000g 

 Required dose when animal weight is 30g             =30g×20mg/1000g  

       = 0.6mg/30g  

Each animal has to receive 50µlsolutions.Soeach 50µl of stock solution should 

contain0.6mg of Bf.  

0.6mg/50µl = 1200mg/100ml = 1.2g/100ml 

Thusto get 20mg/kg stock solution, 1.2g of Bf was dissolved in 100ml of corn oil. 

4.3. Preparation of Required Doses 

Quantity of 20mg/kg solution needed to make 10ml of 2.5mg/kg and 5mg/kg 

Bf solution was calculated by given formula. 

C1V1 = C2V2   

4.4. Preparation of Nigella sativa Oil Solution 

Nigella sativa oil(Marhaba Laboratoris, Pakistan, Lahore) was bought from 

local market and its 10% solution in corn oil was obtained when 10ml of Nigella 

sativa oil was dissolved in 90ml of corn oil. 

4.5. Study Groups 

Sixty animals were divided into six groups each comprising of ten animals. These 

groups were named according to specific dose treatment given, that was as follow. 
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4.5.1. Group 1 (Vc): Animals were treated with50µlof corn oil for 1 – 14 days through 

gavage. 

4.5.2. Group 2 (NS):Animals were forced fed with50µlof corn oil for 1- 7 days and 

0.1ml of 10% Nigella sativa seed oil mixed in corn oil for 8-14 days through 

gavage. 

4.5.3. Group 3 (Bf2.5):Animals were treated with50µlof 2.5mg/kg Bf solution in 

corn oil for 1- 7  days  followed by 50µlof corn oil  on 8-14 days through 

gavage. 

4.5.4. Group 4 (Bf5):Animals were provided with 50µlof 5mg/kg Bf solution in corn 

oil for 1- 7  days  followed by 50µlof corn oil  on 8-14 days through gavage. 

4.5.5. Group 5 (BfNs2.5):Animals were given 50µlof 2.5mg/kg Bf solution in corn 

oil for 1- 7 days and50µlof 10% Nigella sativa seed oil solution in corn oil  for 

8-14 days through gavage. 

4.5.6. Group 6 (BfNs5): Animals were given 50µlof 5mg/kg Bf solution in corn oil 

for 1- 7  days and 50µlof 10% Nigella sativa  seed oil solution in corn oil  for 

8-14 days through gavage. 

4.6. Animal dissection and Excision of Endocrine Glands 

Experimental animals wereeuthanized by cervical dislocation and dissected at 

day 15
th

 of the study. Forceps and scissors were used for opening of abdominal area 

and the bellies. Endocrine glands such as hypothalamus, thyroid, parathyroid, adrenal 

and pancreas were excised forhistological studies. Acidified formyl ethanol was used 

for fixationto stop degradation and autolysis and chemical stability of tissues to 

harden for sectioning. 
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4.7. Histological Studies 

 The excised endocrine glands were fixed for 48 hours. After fixation the 

endocrine glands were placedin different grades 50%, 70%, 90%, and 100% of 

ethanol for proper dehydration followed by transparency in xylene and then processed 

for wax embedding. Sequentialsections of 3-4 microns thickness were obtained on a 

rotary microtome (ERMA TOKYO 422). These sections were stretched in a water 

bath at 45ºC and mounted on albumin coated glass slides, and stained with 

Hematoxylin and Eosin using standard protocol for permanent record and 

histopathological and micrometric studies. 

4.8. Histological Observations 

 Trinocular research microscope (Labomed CXR2) with a 7.2 mp digital 

camera (Sony DSC-W35) fitted on it was used for careful observation and 

photographs were taken at magnifications of 40X, 100X and 400X. 

4.9. Computerized processing of the Digital Photomicrographs 

 To highlight the histopathological effects, the sections were selected and 

theirdigital photographs were amended in corelDRAW11 for color, contrast, cropping 

and addition of prominentsigns and presented in result section. 

4.10. Digital Micrometry and Data Analysis 

 The micrometric data was produced from the digital photomicrographs of the 

histological sections of hypothalamus, thyroid, parathyroid, adrenal and pancreas with 

the help of a computer assisted technique established in our lab using corelDRAW11. 

Digital images (100X and 400X) of the stage micrometer (ERMA, JAPAN) obtained 
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on the defined camera specs (for histological photography) were used to obtain 

calibrated scales for the said magnifications.  

All six groups were photographed at 400X and 5 randomly selected sections were 

taken from each animal for micrometric studies.In corelDRAW11 calibration of 

digital scale was done and measurements were taken from five randomly selected 

areas of these digital photographs on the computer monitor. The calibrations of each 

magnification (100X and 400X) were done separately with the help of same 

magnificationsof digital photo-shots of the stage micrometer. The data obtained 

werecombined to calculate mean values in such a way that each measurement was 

represented as a unit. 

The micrometric measurements of histological land marks for each gland were as 

follows: 

4.10.1.  Hypothalamus 

The micrometric measurements were taken for the number of neuroglial cells 

per unit area(2500µm
2
) on randomly selected areas of different sections at 400X and 

similarly cross sectional area of neuroglial cells in hypothalamic regions of nerve 

tracks were measured by using formula: 

Cross Sectional Area (CSA) of neuroglial cells = (length of neuroglial cell × width 

of neuroglial cell/4) 

4.10.2.  Pituitary gland 

The various sections of adenohypophysis at 400X of each experimental group 

were used for micrometric studies. The quadrate of (2500µm
2
) was put randomly in 
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histological sectionsand number of chromophils (acidophils and basophils) and 

chromophobes were calculated for each group similarly total number of pituicytes per 

unit area (2500µm
2
) was counted. The cross sectional areas of pituicytes were 

measured by using formula: 

CSA of pituicytes = (length of pituitary cell × width of pituitary cell/4). 

Relative area occupied by pituicytes was measured by using formula: 

Relative area occupied by pituicytes = mean number of pituicytes per unit area × 

mean CSA of pituicytes. 

4.10.3.  Thyroid gland 

The micrometric data is collected for cross sectional area of the medial 

follicles, marginal follicles and the follicular cells of thyroid gland.  Similarly cross 

sectional area of chief cells in the parathyroid was measured. 

CSA (follicular and chief cells) = (length × width/4) 

4.10.4  Adrenal gland 

The micrometric measurements were obtained for CSAs of cells of the cortical 

region (Zona glomerulosa and zona fasciculata) and the number of endocrine cells per 

fascicle in the zona fasciculata. Similarly, the number of chromaffin cells per unit area 

of the adrenal medulla, cross-sectional areas (CSA) of medullary chromaffin cells, 

their nuclei, cytoplasts and the collective area of the basophilic cytoplasmic granules 

per chromaffin cell were measured. The following formulae were employed to obtain 

various micrometric values: 
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i) CSA (cortical and medullary cell, cell nucleus, cytoplasmic granules etc) = 

(length × width/4) 

ii) Cytoplasmic granular area per cell = cumulative CSA of all the cytoplasmic 

granules 

iii) Relative area occupied by adrenal cortex = CSA of adrenal- CSA of adrenal 

medulla 

4.10.5.  Pancreas 

Thus measurement of mean (CSA) of islets, mean CSA of endocrine cells in 

islets, relative area occupied by endocrine cells in islets and mean number of 

endocrine cells in islets per unit area were obtained. For each of these 

structures,rectangle was drawn upon them in corelDRAW11 and gets the 

measurements of length and width to calculate CSA. 

The calibrated values were put in the following formula. 

CSA = (length ×width/4) 

             The number of endocrine cells in Islets was counted from the projected slides 

in CoralDRAW11 in all the groups. Relative area occupied by endocrine cells in Islets 

was measured by following formula. 

Relative area occupied by endocrine cells = mean number of endocrine cells per unit 

area × mean CSA of endocrine cells. 
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4.11. Data Analysis and Statistical Application 

            All data obtained on the basis of histology and micrometry was analyzed 

through ANOVA and Tukey’s Post - hoc Multiple Comparison Test and ANCOVA - 

Least Significant Post - hoc Multiple Comparison Test respectively.  
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CHAPTER 5 

RESULTS 

5.1. Hypothalamus histology 

Histological sections of the hypothalamus in the control group have shown 

hypothalamic neurosecretory centers (nuclei) containing large no. ofneuronal bodies. 

One persistent feature of neurosecretory nuclei of the hypothalamus was their 

undefined or vague margins. Nerve tracts were also clearly visible. Passing among 

scattered hypothalamic secretary centers (nuclei), some neuroglial cells were also 

visible (Fig 1A). More or less similar histological distributions of the tracts nuclei and 

neuronal cell bodies were observed in NS treated groups (Fig 1B). 

The randomly distributed neurosecretory centers with vague margins seen in 

the control and NS groups were completely shattered in Bf2.5 and Bf5 groups. The 

neurosecretory tracts were also distributed with clear focal degenerations of neuroglial 

cells. Additionally hypothalamic lesions were also clearly visible with slight 

infestation of macrophages in the Bf5 group (Fig 1C and 1E). 

Enlargement of the neurosecretory neuronal cell bodies primarily with the 

appearance of large vacuolations in the neuronal cytoplasm were seen in Bf2.5 and 

Bf5 groups. In the BfNs2.5group some rehabilitative changes in the form of 

neuroglial cell proliferations were visible. Similar trend were also visible in BfNs5 

group with comparatively high degree of tissue damage and fibrosis (Fig 1D and 1F). 
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Figure 1:  Histological sections (400×) of mouse hypothalamus:A: (Vc), B: (NS), C: (Bf2.5), D: 

  (BfNs2.5), E: (Bf5), F: (BfNs5); : a: Normal hypothalamic tract, a1: Degeneration of 

  hypothalamic tract with water retention, a2: Regeneration of hypothalamic tract, a3: 

  Damaged hypothalamic tract , a4: Hypothalamus rehabilitation, b: Normal  

  Hypothalamic nuclei ,  b1: Depletion of  neuronal content in hypothalamic nuclei, b2: 

  Rehabilitation of neuronal contents in hypothalamic nuclei, b3: Cell necrosis in  

  hypothalamic nuclei, b4: Regeneration of cells in hypothalamic nuclei .    
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Figure 2:  Histological sections (1600×) of mouse hypothalamus:A: (Vc), B: (NS), C: (Bf2.5), 

  D: (BfNs2.5), E: (Bf5), F: (BfNs5); : a: Normal hypothalamic tract, a1:   

  Degeneration of hypothalamic tract with water retention, a2: Regeneration of  

  hypothalamic tract, a3: Damaged hypothalamic tract , a4: Hypothalamus  

  rehabilitation, b: Normal Hypothalamic nuclei ,  b1: Depletion of  neuronal content in 

  hypothalamic nuclei, b2: Rehabilitation of neuronal contents in hypothalamic nuclei, 

  b3: Cell necrosis in hypothalamic nuclei, b4: Regeneration of cells in hypothalamic 

  nuclei .   
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5.2. Hypothalamus Micrometry 

5.2.1. No. of neuroglial cells/unit area 

Mean number of neurons per (2500 µm
2
) was statistically analysed by one 

way ANOVA. Data analysis has shownsignificant (p< 0.0001) difference among 

groups. Post hoc analysis byTukey Multiple Range Test TMRT has shown no 

significant difference between control and NS groups. However there was significant 

decrease(p≤0.05) in Bf2.5, Bf5,BfNs2.5and BfNs5 as compared to control and NS 

groups. There was no significant difference in BfNs2.5and BfNs5 as compared to 

Bf2.5 and Bf5 groups (Fig 3). 

 

 

Figure3:  Histogram showing comparison of number of neuroglial cells per unit area  

  (2500µm2) between the groups,± Bar representSEM;abc indicatesignificant variation 

  among the groups not shearing acommon lower case letter. 
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5.2.2. Cross-sectional area (CSA) of neuroglial cells 

Analysis of variance has shown significant(p< 0.0001) difference in mean 

cross sectional area of neuroglial cells in hypothalamus among groups. Similarly post 

hoc analysis by (TMRT) has shown significant increase (p≥0.05) in Bf5 as compared 

toNS and control group. However there was no significant difference 

inBf2.5,BfNs2.5and BfNs5 as compared to control. There was no significant 

difference between Bf2.5 and BfNs2.5 and the Bf5 and BfNs5 groups (Fig 4). 

 

Figure 4:  Histogram showing comparison of cross sectional area of neuroglial cells (µm2)  

  between the groups,± Bar representSEM;abc revealsignificant variation among the 

  groups not shearing acommon lower case letter. 
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5.3. Histological findings of Adenohypophysis 

Histological sections of control group showed normal cell characteristics of 

adenohypophysis (well placed nuclei, eosinophilic cell cytoplasm which indicate 

protein synthesis and storage). Chromophilic nests and cords in control sections were 

separated by fibro vascular sinusoid (Fig 5A).In Nigella group these fibro vascular 

sinusoids surrounding the nests and cords are more densely stained having slight but 

not significant variation from the control group(Fig 5B). 

In Bf2.5 group dose dependent toxicological effects with focal degenerations 

in chromophilic nests and cords were seen. Sinusoidal spaces do not show signs of 

eosinophilic properties leaving behind cellular debris and empty spaces (Fig 

5C).Bf2.5NSgroup have the signs of tissue healing in terms of theappearance of 

nascent endocrine cells and partial removal of debris were observed. The 

fibrovascular eosinophilic tissue was also appeared partially rehabilitative (Fig 5D). 

Bifenthrin 5mg/kg exposure was found to induce histopathological changes 

i.e. cellular vacuolations, causing hypertrophy finally leading to secondary atrophy 

and adenohypophyseal tissue damage in terms of focal degenerations in the typically 

arranged nest and cords of the endocrine cells.The cell nuclei were slightly eliptical 

instead of typical rounded appearance having less densely stained sinusoid(Fig 5E). 

Bf5NS have rapid mitotic activity. Some rehabilitating nuclei have completed 

karyokinesis and in some areasvacuolations and debris were observed and typical 

macrophages were seen (Fig 5F). 
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Figure 5:  Histological sections (400×) of mouse pituitary gland: A: (Vc), B: (NS), C: (Bf2+.5), 

  D: (BfNs2.5), E: (Bf5), F: (BfNs5); : a: Chromophobes b: Cords of Chromophil cells, 

  b1: Focal degeneration in cord cells, c: Nests of Chromophil cells, c1: Necrosis  in 

  nest cells, d: Cell debris, e: Regenerative activity, f:  Fibrosis, g: Macrophage, h: 

  Vacuolations due to cell damage. 
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5.4. Micrometric Variationsof Adenohypophysis 

5.4.1. No. of acidophils/ unit area 

Analysis of variance showed asignificant(p< 0.0001) difference in mean 

number of acidophils per unit area (2500µm
2
) of adenohypophysis among groups. 

Additionally post hoc analysis also showed significant decline(p≤0.05) in Bf2.5, Bf5, 

and BfNs5 as compared to control. However, there was no significant difference 

betweenNS andBfNs2.5as compared to control (Fig 6) 

 

 

Figure 6:  Histogram showing comparison of number of acidophils per unit area  (2500µm2) 

  between the groups,± Bar representSEM;abc reveal  significant  variation  among the 

  groups not shearing acommon lower case letter. 
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5.4.2. No. of Basophils/Unit Area 

Analysis of data by one way ANOVA show asignificant(p< 0.0001) difference 

in mean number of basophils per unit area (2500µm
2
) of adenohypophysis among 

groups. The post hoc analysis by TMRT shows significant increase in the number of 

basophilic cells(p≥0.05) in Bf2.5, Bf5, and BfNs5 as compared to control. However, 

there was no significant difference among NS,BfNs2.5 and control groups. Moreover 

no significant difference between Bf2.5 and BfNs2.5 and the Bf5 andBfNs5 was 

recorded (Fig 7). 

 

Figure 7:  Histogram showing comparison of number of basophils per unit area (2500µm2) 

  between the groups,± Bar representSEM;abc revealsignificant variation among the 

  groups not shearing acommon lower case letter. 
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5.4.3. No. of chromophobes/unit area 

Statistical analysis of data by one way ANOVA show significant(p< 0.0001) 

difference in mean number of chromophobes per unit area (2500µm
2
) of 

adenohypophysis among the groups. Similarly post hoc analysis by TMRT shows 

significant decrease (p≤0.05) inBf5, and BfNs5 as compared to control. On the other 

hand there was significant increase (p≥0.05)in NS as compared to control. However, 

there was no significant difference of Bf2.5 andBfNs2.5as compared to control. While 

there was no significant difference between Bf2.5 and BfNs2.5. Similarly there was 

no significant difference between Bf5 and BfNs5. (Fig 8). 

 

Figure 8:  Histogram showing comparison of number of chromophobes per unit area  

  (2500µm2) between the groups,± Bar representSEM;abc revealsignificant variation 

  among the groups not shearing acommon lower case letter. 
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5.4.4. Total No. of Pituicytes/Unit Area 

Analysis of data for total number of pituicytesper unit area (2500µm
2
) of 

adenohypophysis by one way ANOVA has shown significant(p< 0.0001) difference 

among groups, further post hoc analysis showed significant decline(p≤0.05) in Bf2.5, 

Bf5, and BfNs5 as compared to the control group. However, NS andBfNs2.5 groups 

did not differ significantly with the control group. On the other hand there was 

significant increase (p≥0.05) was noted in BfNs2.5as compared to Bf2.5 group (Fig 

9). 

 
Figure 9:     Histogram showing comparison of total number of pituicytes per unit area  

  (2500µm2)  between the groups,± Bar representSEM;abc revealsignificant variation 

  among the groups not shearing acommon lower case letter. 

  

2
0
.6

2
1
.4

6

1
5
.2

6

1
4
.4

1
8
.9

1
6
.2

0

5

10

15

20

25

Vc Ns Bf2.5 Bf5 BfNs2.5 BfNs5

T
ot

al
 N

o.
 o

f  
pi

tu
ic

yt
es

 p
er

 u
ni

t  
ar

ea
(2

50
0µ

m
2 )



(43) 

 

5.4.5. Cross Sectional Area of Pituicytes 

Statistical analysis (ANOVA) and the post hoc analysis of the data pertaining 

to thecross sectional area of pituicytes (µm
2
) showed no significant difference among 

groups (Fig 10). 

 

Figure 10:  Histogram showing comparison of cross sectional area of pituicytes (µm2) between 

  the groups,± Bar representSEM;abc revealsignificant variation among the groups not 

  shearing acommon lower case letter. 
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5.4.6. Relative Area Occupied by Pituicytes 

Analysis of variance of data show significant(p< 0.0001) difference among the 

groups inrelative area occupied by pituicytesin the adenohypophysis. The post hoc 

showed significant decline(p≤0.05) in Bf2.5, Bf5, and BfNs5 as compared to the 

control. However, NS andBfNs2.5 groups did not differ significantly from 

control.Similarly Bf2.5 and BfNs2.5 did not differ significantly from each other. 

Likewise Bf5 and BfNs5 also showed no significant difference with each other 

(Figure 11). 

 

Figure 11:  Histogram showing comparison of -relative area occupied by pituicytesbetween the 

  groups,± Bar representSEM;abc revealsignificant variation among the groups not 

  shearing acommon lower case letter. 
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5.5. Histological Results of Thyroid and Parathyroid 

Control sections of the thyroid and parathyroid have shown peculiar 

characteristics of the respective endocrine gland that is the distribution of 

thyroglobulin into follicles surrounded by single cuboidal layer of follicular cells and 

compact arrangement of chief cells among the follicles.This histological outlay 

remains unchanged in the NS treated groups in thyroid and parathyroid sections (Fig 

12A and 12B). 

In Bf2.5 and Bf5 treated groups dose dependent effect of thyroparathyroid 

histotoxicosis were observed that include depletion of thyroglobulin, water filled 

thyroid follicles, cellular necrosis, follicular atresia and fibrosis, degeneration of chief 

cells of parathyroid  and  parathyroid vacuolations (Fig 12C and 12E). 

BfNs2.5and BfNs5 groups (Fig 12D and 12F) revealed remarkable recovery 

from the Bf exposure related histopathologies as indicated by thefollicles partially 

filled with thyroglobulin.Regeneration of follicular cells and the chief cells of 

parathyroid. These signs indicate the exceptional rehabilitative potential of 

thyroparathyroid histopathologies by NS oil exposure. 
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Figure 12:  Histological sections (400×) of mouse thyroid gland: A: (Vc), B: (NS), C: (Bf2.5), D: 

  (BfNs2.5), E: (Bf5), F: (BfNs5); : a: Normal parathyroid, a1: Degeneration of chief 

  cells of parathyroid, a2: Regeneration of chief cells, a3: Parathyroid vacuolations, a4: 

  Parathyroid rehabilitation,b: Normal thyroid follicles with thyroglobulin,  b1:  

  Depletion of thyroglobulin and water filled thyroid follicles, b2:Follicles partially 

  filled with thyroglobulin, b3: Follicular atresia, b4: Fibrosis in thyroid follicles.  
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5.6. Micrometry of Thyroid and Parathyroid 

5.6.1. Cross sectional area of Medial follicles of Thyroid 

Analysis of variance of data showedsignificant(p< 0.0001) difference in mean 

CSA of medial follicles of thyroid among groups. The post hoc analysis showed 

significant decrease in Bf2.5, Bf5, and BfNs5 groups as compared to control. On the 

other hand there was significant increase (p≥0.05)in NS as compared to control. 

However, there was no significant difference of BfNs2.5as compared to control. 

Similarly no significant difference between Bf2.5 and BfNs2.5. Additionally there 

was no significant difference between Bf5 and BfNs5 (Fig13). 

 

Figure 13:  Histogram showing comparison of cross sectional area of the medial follicles of  

  thyroid (µm2) between the groups,± Bar representSEM;abc revealsignificant  

  variation among the groups not shearing acommon lower case letter. 
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5.6.2. Cross sectional area of Marginal follicles of Thyroid 

Analysis of data for mean CSA of marginal follicles of thyroid by one way 

ANOVA has shown significant(p< 0.0001) difference among the groups. The post 

hoc analysis by TMRT showed significant increase (p≥0.05) and decrease (p≤0.05) in 

NS and Bf5 group respectively as compared to control. However there was no 

significant difference of Bf2.5, BfNs2.5and BfNs5 groups to the control. Nevertheless 

significant increase (p≥0.05) in BfNs2.5and BfNs5 group was noted as compared to 

Bf2.5 and Bf5 groups accordingly (Fig 14). 

 

Figure 14:  Histogram showing comparison of cross sectional area of the marginal follicles of 

  thyroid (µm2) between the groups,± Bar representSEM;abc revealsignificant  

  variation among the groups not shearing a common lower case letter. 
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5.6.3. Cross sectional area of follicular cells of Thyroid 

Statistical analysis of data by one way ANOVA has shown significant(p< 

0.0001) difference for mean CSA of follicular cells among groups. Additionally post 

hoc analysis by TMRT has shown significant decrease (p≤0.05) in Bf2.5, Bf5 and 

BfNs5 as compared to the control group. However there was no significant difference 

of NS and BfNs2.5as compared to control (Fig 15). 

 

Figure 15:  Histogram showing comparison of Cross sectional area of follicular cells nuclei  

  (µm2) between the groups,± Bar representSEM;abcrevealsignificant variation among 

  the groups not shearing acommon lower case letter. 
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5.6.4. Cross sectional area of chief cells in parathyroid 

Analysis of data for CSA of chief cells of parathyroid by one way ANOVA 

has shown significant(p< 0.0001) difference among groups. Post hoc analysis by 

TMRT has shown no significant difference between control and NS. However, there 

was significant decrease (p≤0.05) in   Bf2.5, Bf5, BfNs2.5and BfNs5 as compared to 

control and NS groups. Moreover significant difference between Bf2.5 in BfNs2.5; 

and the Bf5and BfNs5 was recorded(Fig 16). 

 

Figure 16:  Histogram showing comparison of cross sectional area of chief cells in parathyroid 

  (µm2) between the groups,± Bar represent SEM;abc revealsignificant variation  

  among the groups not shearing acommon lower case letter. 
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5.7. Histology of Adrenal cortex and medulla 

Histological sections of the control group animals have shown two discrete 

cortical zones (zona glomerulosa and zona fasciculata). The basophilic chromaffin 

cells of adrenal medulla were organized in pattern of follicles surrounded by the fibro-

vascular stroma holding blood vessels and dispersed blood filled spaces known as 

sinusoids (Fig 17A, 18A and 19A). However the cortical and medullary regions were 

evidently separate by a thin basal cortical region “the so called ×-zone”. Cells in zona 

fasiculata were larger as compared to basophilic cells of zona glomerulosa (Fig 18A). 

The NS group adrenal sections repeated more or less similar histological distribution 

as that of the control group adrenal (Fig 17B, 18B and 19B). The histopathological 

land marks observed in the Bifenthrin treated groups (Bf2.5 and Bf5) include 

randomly located enlarged follicles with hypertrophy of the chromaffin cells, yet 

generally the chromaffin cells were sparsely stained (possibly due to the depletion of 

the stored catecholamines), marks of discrete medullary endocrine cells apoptosis 

were also distinguishable in Bf2.5, Bf5 and BfNs5 groups (Fig 19C, 19E and, 19F). 

The zona glomerulosa remained more or less entirely unchanged yet the zona 

fasciculata exhibited cellular hypertrophy, moreover the breached ×-zone allowing 

profusion of blood in zona fasciculata caused interruption of the cortical fascicles at 

numerous places (Fig 17C, 17E, 18C, 18E, 19C and 19E). 

Like Bf2.5 and Bf5 groups the histological sections in BfNs2.5and BfNs5 also 

revealed chromaffin cells apoptosis at various places, however regeneration of 

medullary follicle with conspicuoussigns of chromaffin cells mitosis were particularly 

visible beneath the ×-zone (17D, 17F, 19D and 19F). Blood profusions at various 

places in the cortical portion were seen in BfNs5 group only (Fig 17F), while the 
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cortical region in BfNs2.5 group showed completely repaired ×-zone and, like that of 

the control and NS groups the zona glomerulosa and zona fasciculata showed normal 

cellular distributions (Fig: 17D and 18D). 
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Fig 17:  Histological sections of adrenals (100×); A: (Vc), B: (NS), C: (Bf2.5), D: (BfNs2.5), E: (Bf5), 

 F: (BfNs5);   : adrenal cortex;    : adrenal medulla; a: medullary marginal spaces; b: medullary 

 follicle of the chromaffin cells; c: medullary blood sinusoids; d: cortical blood infiltration due 

 to breached ×zone barrier; d1: ×zone repaired; e: cortical blood vessel. 
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Fig 18:  Histological sections of adrenal cortex (400×); A: (Vc), B: (NS), C: (Bf2.5), D: (BfNs2.5), 

 E: (Bf5), F: (BfNs5); : adrenal cortex;    : adrenal medulla; g: zona glomerulosa; f: zona 

 fasciculata; ×: ×-zone; d: cortical blood infiltration due to breached ×zone barrier. 



(55) 

 

 
 
Fig 19:  Histological sections of adrenal medulla (400×);A: (Vc), B: (NS), C: (Bf2.5), D: (BfNs2.5), E: 

 (Bf5), F: (BfNs5); :adrenal cortex;: adrenal medulla; a: medullary marginal spaces; b:  

 medullary follicle of the chromaffin cells; b1: medullary follicles containing chromaffin cells 

 with granular depletion; b2: probable apoptosis of the chromaffin cells; b3: medullary follicle 

 regeneration; c: medullary blood sinusoids; d: cortical blood infiltration due to breached 

 ×zone barrier; d1: ×zone repaired. 
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5.8. Micrometry of Adrenal Cortex 

 

5.8.1. Mean CSA of Cells In Zona Glomerulosa  

Data pertaining to the CSA of cells in zona glomerulosa by one way Anova 

reveals that with slight variations the mean CSA of the endocrine cells in zona 

glomerulosa remained almost unchanged (Fig 20). 

 
 
Figure 20:  Histogram showing comparison of mean CSA of cells in zona glomerulosa(µm2) 

  between the groups,± Bar representSEM;abc revealsignificant variation among the 

  groups not shearing acommon lower case letter. 
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5.8.2. Mean CSA of cells in Zona Fasciculate 

The analysis of the variance of the mean CSA data of the endocrine cells in 

zona fasciculata has shown significant (p < 0.0001) variations among groups. While 

the post-hoc analysis (Tukey’s Multiple Range Test) indicates significant decrease 

(p≤0.01) in Bf2.5, Bf5 and BfNs5 as compared to control. However there was no 

significant difference between Ns and BfNs2.5 as compared to control (Fig 21). 

 

 
 
Figure 21: Histogram showing comparison of mean CSA of cells in zonafasciculata (µm2)  

  between the groups,± Bar representSEM;abc revealsignificant variation among the 

  groups not shearing acommon lower case letter. 
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5.8.3. Mean No. of Endocrine Cells Per Fascicle 

One way ANOVA based statistical analysis for mean number of endocrine cell 

per fascicle revealed significant difference among groups. Post hoc analysis by TMRT 

showed significant increase in Bf2.5 and Bf5 groups as compared to VC and NS 

groups. There was significant decrease in BfNS2.5 and BfNS5 groups as compared to 

Bf2.5 and Bf5 groups respectively (Fig 22). 

 
 

Figure 22:  Histogram showing comparison of  mean number of endocrine cells per fascicle  

  (µm2)between the groups,± Bar representSEM;abc revealsignificant difference  

  among the groups not shearing acommon lower case letter. 
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5.9. Micrometry of Adrenal Medulla 

5.9.1. Mean total CSA of Chromaffin Cells 

One way ANOVA based statistical analysis for mean CSA of chromaffin cells 

show significant difference among groups. Post hoc analysis revealed significant 

decrease in Bf2.5 and Bf5 groups as compared to vehicle control and NS group. 

Asignificant decrease was observed in BfNS2.5 and BfNS5 groups as compared to 

Bf2.5 and Bf5 groups respectively. However there was no significant difference in 

vehicle control and Ns group (Fig 23). 

 

Figure 23:  Histogram showing comparison of mean total CSA of chromaffin cells (µm2)  

  between the groups,± Bar representSEM;abc revealsignificant variation among the 

  groups not shearing acommon lower case letter. 
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5.9.2. Mean nuclear CSA of the Chromaffin Cells  

 Statistical analysis of data for mean CSA of chromaffin cell nuclei through 

one way ANOVA reveal significant difference among groups. Similarly TMRT based 

post hoc analysis showed significant increase in Bf2.5 and Bf5 groups as compared to 

vehicle control and Ns. Although there was no significant difference was observed in 

BfNS2.5 and BfNS5 groups as compared to Bf2.5 and Bf5 groups respectively. Yet 

there was no significant difference in vehicle control and Ns group (Fig 24).  

 

Figure 24:  Histogram showing comparison of mean nuclear CSA of the chromaffin cells  

  (µm2)between the groups,± Bar represent SEM;abc reveal significant variation  

  among the groups not shearing acommon lower case letter 
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5.9.3. Mean CSA of the Cytoplasmic Granules Per Chromaffin Cell 

Analysis of variance for the mean CSA of the cytoplasmic granules per 

chromaffin cells showed significant difference among the groups. While the post hoc 

analysis (TMRT) indicates significant decrease (p≤0.05)in Bf2.5 and Bf5 groups as 

compared to control. There was significant increase in BfNs2.5 group as compared to 

Bf2.5 group. Yet no significant variation between control and Ns group was observed 

(Fig 25). 

 

Figure 25:  Histogram showing comparison of  meanCSA of  the cytoplasmic granules per  

  chromaffin cells (µm2)between the groups,± Bar representSEM;abc revealsignificant 

  variation among the groups not shearing acommon lower case letter. 
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5.9.4. Mean Non-Granular Cytoplasmic area of Chromaffin Cells 

Statistical analysis of data for mean non- granular cytoplasmic area of 

chromaffin cells through one way ANOVA revealed significant difference among the 

groups. Post hoc analysis showed significant increase in Bf2.5 and BF5 groups as 

compared to control. While there was significant decrease in BfNs2.5 and BfNs5 

groups as compared to Bf2.5 and Bf5 groups respectively. However no significant 

difference was observed in vehicle control and Ns groups (Fig 26). 

 

Figure 26:  Histogram showing comparison of mean non-granular cytoplasmic area of   

  chromaffin cells (µm2)between the groups,± Bar representSEM;abc revealsignificant 

  variation among the groups not shearing acommon lower case letter. 
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5.9.5. Mean No. of cells/unit Area in Adrenal Medulla 

One way ANOVA based statistical analysis showed significant (p≤0.05) 

difference among the groups. Post hoc analysis by TMRT showed significant 

decline(p≤0.05) in Bf5 group as compared to control group. Yet no significant 

variation was observed between control and all other groups (Fig 27). 

 

 

Figure 27:  Histogram showing comparison of mean number of cells/unit area in adrenal  

  medullabetween the groups,± Bar representSEM;abc revealsignificant difference 

  between the groups not shearing acommon lower case letter. 
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5.10. Histological Findings of Pancreas 

Histological slides in control group show very well and evenly distributed 

acinar tissues which also contain islets of Langerhans scattered randomly throughout 

along the blood vessels. The acinar tissue cells contained prominent nuclei and 

eosinophilic cytoplast containing pancreatic enzymatic proteins. The islets were 

mostly round in shape containing aggregations of small endocrine cells (Fig 28A). 

The histological sections of NS treated groups were not much different from the 

control, particularly from the standpoint of the acinus tissues. However, the shapes 

and size of islets were different from the control group. In that the islets seem to be 

enlarged and of variously shaped invaginated into the surrounding acinar tissues (Fig 

28B).  

In Bftreated groups, the exocrine pancreatic acini give an impression of 

disassociation of the adjacent cells with focal acinar cells degeneration; these signs 

were found more pronounced in the periphery of pancreatic islets. The islets seems to 

show enlargement of individual endocrine cells as their nuclei were seem more 

distantly placed as compared to the control group. Some apoptotic signs in the form of 

nuclear distortions and dissolutions were also seen (Fig 28C and 28E). 

The histological slides in BfNs2.5and BfNs5 indicated endocrine and exocrine 

regenerative signs which are shown by megakaryocytic clumps of acinar tissue 

showing a pursuit of rehabilitating the pancreatic acini. The islets were enlarged in 

size and emergence of new islets possibly by means of migration of endocrine cells 

from the preexisting islets has been seen (Fig 28D and 28F). 
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Figure 28:  Histological sections (400×) of mouse pancreas: A: (Vc), B: (NS), C: (Bf2.5), D: 

  (BfNs2.5), E: (Bf5), F: (BfNs5); : a: Exocrine acinar tissue, b: Endocrine cells in 

  Islets, b2: Endocrine cells vaculations in Islets, b3: Clumps of endocrine cells in  

  islets, c: Inter acinus spaces,  d: Artery,  e: Vein, f: Migrating Islets cells, g:  

  Degenerated acinar tissues, h: Distorted nucleus of endocrine cells, i: Clumps of  

  acinar tissue 
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5.11. Micrometry of Pancreas 

5.11.1. CSA of Islet of Langerhan 

Data pertaining to the CSA of islet of Langerhans by one way ANOVA have 

revealedsignificant (p< 0.0001) difference among the groups. Whereas the Post - hoc 

Analysis (Tukey’s Multiple Range Test) indicates significant increase (p<0.05) in Ns, 

BfNs2.5and BfNs5 as compared to control group. However, there was no significant 

variation(p>0.05) between control, Bf2.5 and Bf5groups (Fig 29). 

 

Figure 29:  Histogram showing comparison of  Cross sectional area of the Islet of   

  Langerhans(µm2)between the groups,± Bar representSEM;abc revealsignificant  

  variation between the groups not shearing acommon lower case letters. 
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5.11.2. Mean No. of Endocrine Cells in Islets 

Analysis of covariance (by taking CSA of islet as a covariate) has revealed 

significant variation (p < 0.0001) in mean number of endocrine cells in islets among 

groups. Post - hoc analysis (TMRT) for the least significant difference (p<0.05) 

between the groups have shown significant increase in NSand BfNs2.5group and 

significant decrease in Bf5 groupas compared to control group. Yet, no significant 

variation in Bf2.5and BfNs5 groups was observed as compared to control (Fig 30). 

 

Figure 30:  Histogram showing comparison of mean number of endocrine cells in Islets of  

  Langerhans(µm2)between the groups,± Bar representSEM;abc revealsignificant  

  difference among the groups not shearing acommon lower case letter. 
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5.11.3. Mean CSA of Endocrine Cells 

 The analysis of the variance of the mean CSA data of the endocrine cells in 

Islets has revealedsignificantvariations between groups (p<0.0001). Tukey’s Multiple 

Range Test (TMRT) has indicated significant increase (p< 0.05) in Nsascomparedto 

control. However, no significant change between all other groups as compared to 

control group was observed (Fig 31) 

 

Figure 31:  Histogram showing comparison of  Cross sectional area of endocrine cells in  

  Islets(µm2)between the groups,± Bar revealsSEM.abc revealsignificant variation 

  among the groups not having acommon lower case letter. 

 

 

 

 

 

2
4
.4

3
0
.1

2
3
.1

2
1
.6 2
4
.1

2
5
.2

0

5

10

15

20

25

30

35

Vc Ns Bf2.5 Bf5 BfNs2.5 BfNs5

C
ro

ss
 s

ec
tio

na
l a

re
a 

of
 e

nd
oc

rin
e 

ce
lls

 in
 Is

le
ts

 µ
m

2



(69) 

 

5.11.4. No. of Endocrine Cells/unit Area 

Statistical analysis of data by ANOVA for the mean number of endocrine cells 

(289µ
2
) in the islets in various groups has shown significant variation (p<0.001) 

among the groups. Similarly post hoc analysis by TMRT have shown significant 

decline(p≤0.05) in that of Bf2.5, Bf5, BfNs2.5and BfNs5 as compared to control. 

Whileno significant variation between control and NSgroup was observed. As 

compared to Bf5 there was significant increase in BfNs5. Yet, there was no 

significant change in Bf2.5and BfNs2.5groups (Fig 32). 

 

Figure 32:  Histogram showing comparison of number of endocrine cells in Islets/unit  

  area(289µm2)between the groups,± Bar representSEM;abc revealsignificant variation 

  between the groups not shearing acommon lower case letter. 
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5.11.5. Relative Area Occupied By Endocrine Cells   

Analysis of variance has shown significant difference(p<0.001) among the 

groups. Similarly post hoc analysis by TMRT has shown significant decrease 

(p≤0.05) in that of Bf2.5, Bf5 and BfNs5 groups as compared to control. While a 

significant increase in NS group as compared to control group was seen. Yet, no 

significant difference was observed between control and BfNs2.5groups (Fig 33).  

 

Figure 33:  Histogram showing comparison of relative area occupied by endocrine cells in Islets 

  in289µm2between the groups,± Bar representsSEM;abc explainsignificant variation 

  among the groups not shearing acommon lower case letter. 

 

  

1
5
7

2
1
6

9
5

7
3

1
2
3

1
1
0

0

50

100

150

200

250

Vc Ns Bf2.5 Bf5 BfNs2.5 BfNs5

R
el

at
iv

e 
ar

ea
 o

cc
up

ie
d 

by
 e

nd
oc

rin
e 

ce
lls

  i
n 

Is
le

ts
/u

ni
t a

re
a 

(2
89

µ
m

2 )
 



(71) 

 

CHAPTER 6 

DISCUSSION 

6.1. Hypothalamus  

The present study was designed to unearth the histopathological patterns of a 

commonly used insecticide (Bf) that is mostly believed to be least toxicant/safe to the 

human/mammalian systems.The point of concern that drove our attention for the 

present investigation was organoflouride nature of this insecticide and the highly 

sensitive nature of the hormone producing cells.Hormones being the regulators of 

vital physiological mechanisms can play havoc and thus cause irreparable damages to 

the animal body, if their concentrations and homeostatic regulations are disturbed. 

Insecticides in general, have been shown to be potent candidates of 

neuroendocrine toxicity (Wang et al., 2009).Similarly, there are indications that 

fluoride ions may also cause neuroendocrine toxicity (Susheela et al., 2005). There is 

a long list of organ histopathological studies of the environmental toxins such as 

insecticides, heavy metals, ions, radicals etc. However, most of such studies have 

been confined to the vital body organs like liver and kidney (Ateeq, and Alarami, 

2015) or toa lesser extent to the gonads (Testes, ovaries) (Jin et al., 2012; Forsgren et 

al., 2013). On the other hand there are only a few studies where general endocrine 

organs improvisations of such environmental toxins have been investigated (Mnif et 

al., 2011). 

Additionally most ofthese studies have been confined to the estimation of the 

circulating hormones (Tu et al., 2016).Thus there is an extreme dearth of information 

on the endocrine histopathological of environmental toxicants such as insecticides 
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(Bifenthrin).Unfortunately the authors could not find any particular study dealing with 

pathology of various endocrine glands related to pyrthroids, especially the fluoridated 

pyrethroids such as bifenthrin.This is because findings of present study are not 

comparable directly to any such indications in available literature, especially for the 

hypothalamic and hypophyseal histopathologies. The present research has shown 

interesting pathological signs in endocrine hypothalamus in both Bf exposure groups 

(Bf2.5 and Bf5) that include focal degenerations, vacuolations, tissue damage and 

fibrosis. 

Moreover, the micrometric data was found to support the above pathological 

findings in terms of significant increase in CSA of neuronal nuclei in NS treated 

groups and significant decrease in both bifenthrin treated groups.The most exciting 

outcomes of the present study include regenerative and rehabilitative micro-

architectural details of the hypothalamus upon Nigella sativa post treatment in both 

BfNs2.5 and BfNs5 flouride exposed group animals. 

One plausible reason of the above mentioned histopathological 

dearrangements and micrometric alterations may be the increased oxidative stress. As 

it has been observed that   increased oxidative stress has led to the similar results 

obtained by other research groups mainly focusing on the vital body organs (liver, 

kidney). (Muthuviveganandavel et al., 2008; Paunescu et al., 2012) and on the 

cultured stem cells in ex-vivo systems (Denu
  
and  Hematti, 2016). 

6.2. Pituitary 

Like hypothalamic histopathological results the pituitary pathology is also 

very difficult to explain primarily because of the almost complete silence of the 

available literature upon this matter.Nevertheless, the results of present study indicate 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Denu%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=27413419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hematti%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27413419
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characteristic histopathological sign of Bf exposure that include focal degenerations, 

hormonal depletion with empty sinusoids, debris, empty spaces, intracellular edema, 

hypoplasia, secondary atrophyand less no of cells/ unit area. The probable reasons for 

these histopathological outcomes of the adenohypophyseal region of pituitary may 

include the generalized increase of oxidative stress on these metabolically highly 

active pituicytes (Anderson,2005). 

Bifenthrin being an insecticide of pyrethroid group has a specific 

neurotoxicological impact, which operates characteristically through the opening of 

sodium gated channels in neurons(Hayes 1994; Roberts and Hudson 1999).Although 

it is generally claimed that this particular effect of pyrethroid exposure is negligible in 

non-target animals like mammals, the present literature does not provide any other 

possible reason for the toxic changes in the hypothalamic and hypophyseal 

neurosecretory cells leading to the observed pathological signs recorded in the present 

study. Nigella sativa oil contains a variety of antioxidants and chemicals having 

protective role in maintenance and rehabilitation of membrane integrity. Thus it 

should logically counteractedagainst the toxicological effects of Bf exposure and have 

logically resulted in  rescuefrom the histopathological signs that include eosinophilic 

sinusoid a possible sign of hormonal synthesis and storage,stem cell proliferation, 

mitotic regeneration and rehabilitating endocrine nuclei as well as typical macrophage 

infestation needed for the removal of debris were also seen. 

6.3. Thyroid 

Although thyroid and parathyroid are entirely separate organs which regulate 

different physiological activities, whereas parathyroid chief cells exclusively produce 

parathormone that regulate calcium metabolism. The thyroid primarily produces T4 
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and T3 hormone that primarily effect metabolism, growth and differentiation. The 

thyroid primarily secretes its hormone under the effect of TSH from pituitary. 

Bifenthrin exposure related histopathology of thyroid indicate depletion of 

thyroglobulin which can presumably be resulted by mean of rapid desorption of 

thyroglobulin for the release of T4 and T3 hormone and simultaneous decrease in 

biosynthetic activity in the follicular cells of the thyroid. Exposure to an insecticide 

increased the metabolic rate of animals which depends upon the availability of thyroid 

hormones. Such condition should invariably require resorption and digestion of the 

thyroglobulin for the release of T4 and T3 by the follicular cells.Simultaneously, 

because of the oxidative stress and damage to the membrane integrity by this 

insecticide may have led to the appearance of cellular histopathological signs such as 

depletion of thyroglobulin, water filled thyroid follicles, cellular necrosis, follicular 

atresia and fibrosis in the individual follicles and follicular cells of the thyroid. 

As mentioned in the cases of hypothalamic and pituitary gland,Ns oil 

treatment has shown marvelous signs of recovery in the thyroid tissue. The probable 

reasons must lie in the oxidative and membrane cell rehabilitative potentials of unique 

phytochemicals (thymoquinone, carvacol, t-anethole, 4-terpinol, campesterol, 

citronellyl acetate, carvone, stigmasterol, α-spinasterol, citronellol, limonene, p-

cymene, β-sitosterol, nigellone, cholesterol,arachidic, linolenic, linoleic, oleic, 

palmitic, myristic, palmitoleic and stearic acids) harboring anti- oxidative, 

immunomodulatory and stress alleviating potentials (Shalaby and  khater, 2007; 

Zegarac et al., 2009) found in the NS oil. 

Just like responses of the follicular cells of the thyroid, pituitary and 

hypothalamus various histopathological signs of Bf exposure were noted in 

parathyroid tissues these include necrosis, fibrosis and vacoulation of chief cells.Even 
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in the case of parathyroid the NS oil treatment have shown remarkable potential of 

cellular and architectural distribution of endocrine cells of parathyroid gland. 

In this case also the expected reason must reside in the general anti-oxidative and 

membrane rehabilitative potentials of the precious ingredients of NS oil. 

6.4. Adrenal Gland 

The established neuro-toxic physiology of the pyrethroids insecticides is 

revealed by their primary action on the sodium channels in the motor neurons causing 

repeated impulses and secretion of neurotransmitters on the post synaptic neurons or 

the target organs such as muscles and the endocrine and exocrine glands (Tran et al., 

2006; Soderlund et al., 2002).The present study reveals Bf histopathology of the 

adrenals in mammals. The results obtained on one hand are interesting to unearth (for 

the first time) the histopathological and micrometric derangements of adrenals upon 

sub-chronic low dose Bf exposure and on the other hand to provide exciting 

information about the ameliorative potentials on Ns oil upon these pathological 

outcomes. Because of an acute dearth of information on adrenal histopathology the 

results obtain are not directly comparable to any previous report in the available 

literature. Nevertheless, in general perception the organophosphorus and pyrethroid 

insecticides are believed to possess neuro-endocrine toxic potentials (Magar and 

Shaikh, 2013). In this connection “Lambda cyhalothrin”- a fluoridated type II 

pyrethroid has been reported to possess adrenal toxicity (Oularbi, 2014). Similarly, 

Deltamethrin (Brominated pyrethroid) exposure has also been found to increase 

circulating epinephrine and nor-epinephrine levels in rats (Ray, 1982; Cremer, 1982; 

Varshneya et al., 1992).  
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 The secretions of catecholamines (adrenaline and nor-adrenaline) from the 

adrenal medulla under stressful conditions make necessary adjustments in the animal 

body physiology to tackle with the situations of emergency (McCorry, 2007; Heneka 

et al., 2010). Whereas the glucocorticoids (aldosterone) secreted from zona 

fasciculataof adrenal cortex have immunosuppressive and anti-inflammatory effects to 

amicably tackle with the agitative body responses against toxicants and toxoids 

(MacPhee et al., 1989). Taken together the hormonal roles of the adrenal medulla and 

cortex under toxicant (like Bf) exposure situation suggest enhanced secretion of 

catecholamines and glucocorticoids from the respective region of the adrenal gland. 

The histopathological and micrometric alterations of Bf exposure observed in 

medullary adrenal in present study (such as enlargement of chromaffin cells, 

cytoplasmic granular depletion etc) indicate the consequences of the Bf exposure 

related catecholaminergic secretory stress. Similarly, the breached sanctity of ×-zone 

with simultaneous significant decrease in mean cellular CSA and the hyperplasia in 

the zona fasciculata of the adrenal cortex also indicate Bf exposure stress related 

pathologies and micrometric alterations that are the most probable consequences of 

the sustained hyper glucocorticoids synthesis and release.    

The Nigella sativa seeds have been reported to contain medicinal potentials in 

the Islamic system of medication and treatments to disease and ailments (Ghaznavi, 

1991). The NS oil contain unique bioactive phytochemicals (thymoquinone, carvacol, 

t-anethole, 4-terpinol, cholesterol, campesterol, stigmasterol, β-sitosterol, α-

spinasterol, citronellol, limonene, p-cymene, citronellyl acetate, carvone, nigellone, 

arachidic, linolenic, linoleic, myristic, oleic, palmitic, palmitoleic and stearic acids) 

having unique anti oxidative, immunomodulatory and stress alleviation potentials 

(Meral et al., 2001; Shalaby and  khater, 2007; Zegarac et al., 2009). In present study 
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the Ns oil treatment to the Bf exposed animal has been found to normalize the toxic 

histopathological signs of Bf exposure on the adrenals. 

The present study has shown that Bf exposure at 2.5mg/kg or more may result 

into characteristic histopathological and micrometric alterations in mouse adrenal 

medulla and cortex while the Nigella sativa seed oil bears the potentials to rapidly 

rehabilitate these stressful changes.  

6.5. Pancreas 

The endocrine toxicity of insecticides is a hot issue of research these days. 

Organophosphate insecticides are almost established endocrine disruptors now (Wang 

et al., 2007; Akhtar et al., 1996; Gokalpa et al., 2005). The insecticide related 

neurotoxicity and disruptions of hypothalamic-pituitary-thyroid and hypothalamic-

pituitary-gonadal axis are also well documented (Peiris-John and Wickremasinghe 

2008).  

 Pyrethroids are now being globally preferred over organophosphates with a 

general perception of their non-accumulative nature. However, the halogenated type II 

pyrethroids (Bf: fluoridated and deltamethrin: brominated) might have accumulative 

and thus persistent toxic effects on organs (particularly the endocrine and nervous 

tissues) of the non-target animals including humans. Because of the results reported 

here have been obtained from the research work conducted for the first time on the 

pancreatic pathology of Bf exposure, they are not comparable to any of the existing 

information in the reported literature. 

  

http://pubs.acs.org/action/doSearch?ContribStored=Wang%2C+L
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 However, there are indications that insecticides exposure have led to exocrine 

and endocrine vacuolations in the pancreatic tissues; provide some basic information 

about their histopathological effects on the pancreas (Ozmen et al., 2010). Thus the 

focal acinar cells degenerations observed in BF treated groups in present study seems 

to be well in line with the above said vaculations in exocrine pancreas on insecticide 

exposure (Dobsikova et al., 2006; Suzan, 2012).  

 The apoptotic signs seen in endocrine tissue cells of islets of Langerhans 

indicates the toxic stress related to histopathologies of Bf. Whereas, the micrometric 

results further consolidates these histopathological findings. In this context, 

pyrethroid exposure leading to hyperglycemia has been considered a consequence of 

β-cells destructions in the endocrine pancreas on pyrethroid exposure (Infantino et al., 

2013).  

The unique findings of the present research work indicating the increase in 

size and number of islets of Langerhans on post treatment of Ns oil in Bf treated 

animal groups. These signs of appearance of new islets also indicate proliferations 

and migration of the pancreatic cells from the preexisting islets to new places along 

the blood vessels. This unique finding indicates amazing potential of Ns oil that 

probably causes rejuvenation of the endocrine capacity of the pancreas after 

pathological destruction of environmentally toxic chemicals exposure.  

 Results of the present study reveal that Bf is toxic for endocrine pancreas. Its 

exposure at 5mg/kg/day in laboratory mice causes histopathological alterations in the 

pancreatic tissues. However, such destructive changes can be recovered on Ns oil 

therapy, indicating the immense potential of Ns particularly for rehabilitations of the 

endocrine component of pancreas which again should be attributed to its unique 

phytochemical components. 
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 The overall preview of the present study shows that bifenthrin exposure at 

2.5mg/kg in laboratory mice has led to the various endocrine histopathologies of the 

various glands and tissues (Hypothalamus, pituitary, thyroid, parathyroid, adrenal and 

pancreas) indicating its histopathological potentials in hypothalamic and endocrine 

tissues. The study also reveals the rescuing and rehabilitating capacity of the Ns oil 

against the characteristic endocrine histopathologies. Thus it is concluded that the 

fluoridated pyrethroidinsecticides especially bifenthrin are general endocrine 

disruptors causing various histopathologies of these tissues in exposed animals which 

Ns oil can potentially rescue for such endocrine tissue lesions. 
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CHAPTER 7 

CONCLUSION & RECOMMENDATIONS  

7.1. CONCLUSION 

1. The overall preview of the present study shows that bifenthrin exposure at 

2.5mg/kg in laboratory mice has led to the various endocrine histopathologies 

of the various glands and tissues (Hypothalamus, pituitary, thyroid, 

parathyroid, adrenal and pancreas) indicating its histopathological potentials in 

hypothalamic and endocrine tissues. 

2. The study also reveals the rescuing and rehabilitating capacity of the Ns oil 

against the characteristic endocrine histopathologies indicating its 

nutraceutical importance for possible human benefit.  

3. Simultaneously the use of these natural medicinal plants may be recommended 

as supportive therapy in similar toxicological human exposures. 

4. The findings also suggest to support similar investigations on other wild and 

folklore medicinal plants for the discovery of their potential nutraceuticals 

benefits.  

7.2. FUTURE RECOMMENDATIONS 

The findings indicate a need of further investigation upon the variety of    

various phytochemical/antioxidant ingredients of these plants and other such 

medicinal plants.  
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