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Objective: To investigate the effect of aqueous extract of Murraya koenigii leaves on some
haematological, hormonal and serum lipid parameters in rats.

Methods: We evaluated whether oral administration of Murraya koenigii affected the
haematological, hormonal and lipid parameters. After 7 days of oral administration of 250 mg/
kg and 500 mg/kg body weight, other profiles were investigated.

Results: The results showed that the extract administered significantly increased (P < 0.05)
packed cell volume, haemoglobin concentration, red blood cell, mean corpuscular hemoglobin,
mean corpuscular hemoglobin concentration, mean corpuscular volume and decreased the

Keywords: platelet count (P < 0.05) at the dose of 250 mg/kg and 500 mg/kg body weight when compared
Murraya koenigii with control. The extract significantly increased (P < 0.05) white blood cell count at all doses
Haematological administered when compared with control. Results showed that thyronine and thyroxine were
Hormonal increased, while thyroid stimulating hormone was decreased significantly (P < 0.05) at high
Serum lipid doses compared. The recorded data in the present study showed that the testosterone value was

reduced significantly (P < 0.05) from control value. Also the extract significantly reduced (P <
0.05) the total cholesterol concentration and low density lipoproteins cholesterol concentration
in the serum while it had no significant effect on serum high density lipoprotein cholesterol
concentration at all doses administered.

Conclusions: This study suggests that the extracts may have beneficial effect on serum
cholesterol concentration, can act as a stimulant to thyroid functions as well as in anemia and
immunity dependent disorders and also as a potent contraceptive.

1. Introduction

Plants play an essential role in the health care needs for the
treatment of diseases and to improve the immunological response
against much pathologyl(1]. Plant extracts are potentially curative.
Some of these extracts can boost the humoral and cell mediated
immunity against viruses, bacteria, fungi, protozoa and cancer(2-81.

Murraya koenigii Linn. Spreng (M. koenigii) belonging to family
Rutaceae, commonly known as “Curry patta”, is an aromatic plant
that has been widely used in India as Ayurvedic herbal medicine.
Since antiquity, it is used to treat a wide array of unrelated ailments
that include dysentery, diarrhoea, microbial growth and stomach
ache. Of the fourteen global species belonging to the genus
Murraya, only two are available in India, viz. M. koenigii and
Murraya paniculata (Linn.) Jack (syn. Murraya exotica Linn).
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The former is more popular due to its large spectrum of medicinal
properties and also because of the use of its leaves for centuries
as a natural flavouring agent in various curries and food items[9].
Triterpenoid alkaloids, cyclomahanimbine, tetrahydroharmine,
murrayastine, murrayaline, pyrayafoline carbazole alkaloids and
many other chemical compounds have been reported in the leaves
of M. koenigii[10,11]. Various studies showed its antibacterial
properties(12,13] as well as its curative effects in hypothyroidism[14].
Haematological values are widely used to determine systemic
relationships and physiological adaptations including the assessment
of general health condition of an organism(15,16]. Hormonal profile
regulates sexual behavior, growth of the cellular components of
tissues and organs. Alteration of blood parameters disrupts normal
physiological functions. Likewise, changes in the concentration of
hormones can have profound effects on mood, behavior, anatomy
and physiology in humans. Inhalation exposure to kerosene, petrol
fumes and gasoline has been reported to alter the level of hormone
and different components of blood[17,18]. Thyroid dysfunction has

a great impact on lipid levels, and a number of other cardiovascular
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risk factors have significant effects on the synthesis, mobilization
and metabolism of lipids[19]. The thyroid hormones affect serum
cholesterol mainly by altering lipoprotein metabolism[19]. With
herbal contraception getting its acceptance, this field needs to be
explored more. Various plants and plant products are reported to
have antifertility properties[20].

In spite of several studies on the different pharmacological
activities of M. koenigii, not much has been investigated on
hormonal, lipid and hematological profile. Therefore, the present
study is aimed to investigate the impact of leaf extract of M. koenigii
on hormonal, lipid and hematological indices in mammalian animal

model.

2. Materials and methods

2.1. Experimental animals

Adult Albino rats of male sex weighing between 120 and 150 g
procured from authorized suppliers were housed under standard
environmental conditions in polypropylene cages [(25 + 1) °C
temperature, (55 + 5)% humidity and 12 h/12 h light/dark cycle].
The animals were allowed free access to drink water and rat feed.
The care and handling of rats were in accordance with the protocol
approved by Institutional Animal Ethics Committee (process No. 46,
page No.137).

2.2. Collection of plant materials

The fresh and tender leaves were collected, dried in a shade
under (28 + 2) °C for six to seven days and then crushed into coarse
powdery substance by using electric grinder. The coarse powdery
substance was dried again and then sieved to get fine powder using
the fine plastic sieve, which was then stored in an air tight bottle in

the laboratory until required.

2.3. Extract preparation

A total of 50 g of the sieved powder was weighed accurately and
subjected to extraction in a Soxhlet apparatus at room temperature
using 350 mL water. The extract obtained was filtered, concentrated
in rotary flash evaporator and maintained at 45 °C. The percentage
yield of the extract was calculated and the dried extract was stored in

air tight containers at room temperature for further studies(21].

2.4. Acute toxicity studies

The acute toxicity studies were performed in accordance with
the Organization for Economic Co-operation and Development,
guidelines No. 425 (up-and-down procedure). No death was
observed till the end of the study. The test samples were found safe

up to the dose of 2000 mg/kg and from the results 500 mg/kg was
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chosen as the maximum dose for further experimentation(22].

2.5. Experimental design

Group 1 was received 1 mL of distilled water orally; Group 2 was
received 250 mg/kg body weight of M. koenigii orally; Group 3 was
received 500 mg/kg body weight of M. koenigii orally. The details

have been described elsewhere[14].

2.6. Estimation of haematological profile

Estimation of total cholesterol, high density lipoprotein (HDL)
cholesterol, low density lipoprotein (LDL) cholesterol and triglycerides
was done by cholesterol oxidase phenol aminoantipyrine method[23].
The haemoglobin level was measured by the cyanomethemoglobin
method. The red blood cell (RBC) and reticulocyte counts were
determined by visual method[24]. Packed cell volume (PCV) was
measured using microhematocrit method and total white blood cell
(WBC) count was estimated by visual method[25]. The RBC indices
were calculated from the RBC count, haemoglobin level and PCV

estimations[24,25].

2.7. Estimation of thyroid hormones

Estimation of serum 3,5,3’-triiodo-L-thyronine (T3), thyroxine
(T4) and thyroid stimulating hormone (TSH) was done by

chemiluminescence immunoassay method[26].

2.8. Estimation of lipid profile

Estimation of total cholesterol, HDL cholesterol, LDL cholesterol
and triglycerides was done by cholesterol oxidase phenol

aminoantipyrine method[23].

2.9. Statistical analysis

Data were expressed as mean + SEM. For statistical evaluation of
the data, Microsoft Office Excel was used (2007 version).

3. Results

The data recorded on haematological profile in control and
M. koenigii fed rats were presented in Table 1. The extract had
significant effect on RBC, haemoglobin, mean corpuscular
hemoglobin concentration, mean corpuscular hemoglobin, PCV,
mean corpuscular volume, neutrophils, basophils, monocytes,
lymphocytes and eosinophils. The WBC was significantly elevated (P
< 0.05) in the group treated with 250 mg/kg body weight as well as
in 500 mg/kg body weight. The platelet also significantly increased
(P <0.05) in rats treated with both the doses.

The recorded data on thyroid profile showed increase in thyroid
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Table 1
Effect of aqueous leaf extract of M. koenigii on haematological parameters in Albino Wistar rats (n = 6).
Groups PCV MCV Haemoglobin RBC Platelet WBC Neutrophil ~ Lymphocyte Monocyte  Eosinophil ~ Basophil MCH MCHC

(%) (%) (g/dL) (x10%pL) (x10uL)  (x10%/uL) (%) (%) (%) (%) (%) (pg) (g/dL)
Control  39.00 £0.02  93.00 + 1.02 11.60 + 0.76 421+£048 339.00+1.81 6.80+1.62 56.60+1.40 3290+4.50 5.50+1.51 0.50+0.07 0.28+0.09 30.46+0.35 31.06+0.28
LD 42.00+0.01" 9440+ 1.09" 13.50 +0.65 473 +0.14"  301.00  1.09" 6.90 = 1.57" 47.50 +0.97" 30.30 +2.05" 8.50 +2.54" 1.20+0.08" 0.29 +0.04" 29.00 + 1.24" 30.60 = 1.00™
HD 44.00 £0.02" 99.40 +0.72" 14.60+0.27"° 4.85+0.13" 305.00+1.57" 6.90 +0.59" 46.40 +0.87" 35.90+2.16" 4.50+ 1.94" 4.50 +0.06" 0.30 +0.01" 30.00 +0.71" 30.00 +0.72™

Values were expressed as mean = SEM from the experiments. “: P < 0.05; ™: Non-significant relative to control; MCV: Mean corpuscular volume; MCH: Mean
corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; LD: Low destiny (250 mg/kg body weight); HD: High destiny (500 mg/kg body

weight).

activity (Table 2). The TSH level was correlated well inversely with
T3 and T4 levels. The group which received maximum test dose
(500 mg/kg body weight) showed maximum percentage increase
in hormone concentration of T3 and T4 whereas a maximum
percentage decrease in TSH levels was observed when compared to
the other dose levels, which clearly proved that the response was
dose effective and the M. koenigii leaf extracts could be used in
hypothyroidism condition to normalize hormone levels.

Table 2

T3, T4 and TSH concentration along with their percent increase (+) or

decrease (-) in relation to the control values in male rats by M. koenigii leaf
extract (n = 6).

Groups T3 % Increase or T4 % Increase TSH % Increase or
(ng/dL) decrease (ng/dL)  ordecrease (ulU/mL) decrease

Control  30.00 +0.19 2.90 +0.86 - 0.81 +0.45 -

LD 39.00 + 0.35 +30 3.50 + 0.66" +20  0.58 £0.85" -28

HD 69.00 + 0.44" +130 4.70 £ 0.89" +62 0.22 +0.87" =72

Values were expressed as mean + SEM from the experiments. *: P < 0.05
relative to control. LD: Low destiny (250 mg/kg body weight); HD: High
destiny (500 mg/kg body weight).

The effect of the oral administration of M. koenigii leaves aqueous
extract on testosterone was presented in Table 3. The present study
showed that the testosterone value was reduced significantly (P <
0.05) in comparison to the control value [(170.62 + 1.30) ng/dL,
(127.00 £ 0.65) ng/dL and (30.03 + 0.44) ng/dL for control and
treated groups respectively].

Table 3
Testosterone concentration along with their percent increase (+) or decrease
(-) in relation to the control values in male rats by M. koenigii leaf extract
(n=06).

Groups Testosterone (ng/dL) % Increase or decrease
Control 170.62 = 1.30 -

Low destiny (250 mg/kg bw) 127.00 + 0.65" -25.29

High destiny (500 mg/kg bw) 30.03 + 0.44° -82.35

Values were expressed as mean = SEM from the experiments. “: P < 0.05
relative to control; : P < 0.1 relative to control; bw: Body weight.

The data recorded on lipid profile in control and M. koenigii fed
rats were presented in Table 4. In case of M. koenigii extract, the total
cholesterol showed a significant decrease (P < 0.05) whereas HDL and

LDL showed no significant decrease or increase.

Table 4

Lipid profile along with their percent increase (+) or decrease (-) in relation
to the control values in male rats by M. koenigii leaf extract (n = 6).

Groups Total % Increase HDL % Increase LDL % Increase
cholesterol ordecrease cholesterol ordecrease cholesterol or decrease

Control 60.00 + 0.05 23.00 £ 0.13 18.00 + 0.54 -

LD (250 mg/kg bw) 55.00+0.19°  -83  23.00 +0.23" 18.00 + 0.32™ -

HD (500 mg/kg bw) 50.50 +0.11" -17 21.00 +0.03" -8.6 18.00 + 0.42™ -

Values were expressed as mean + SEM from the experiments. *: P < 0.05
relative to control; ™: Non significant; LD: Low destiny; HD: High destiny;
bw: Body weight.

4. Discussion

Assessment of haematological parameters can not only be used to
determine the extent of deleterious effect of extracts on the blood of
an animal, but it can also be used to explain blood relating functions
of a plant extract or its products[27]. The results obtained show
significant values of WBC. Therefore, it is clear that an increase in
the number of WBC is a normal reaction of rats to foreign substances,
which alter their normal physiological processes. Platelets play
a major role in the development as well as in the stability of
atherosclerotic plaques and as a consequence, anti-platelet agents
have been used clinically in patients at risk for myocardial ischemia,
unstable angina and acute myocardial infarction[28,29]. Therefore,
the doses of M. koenigii extract are useful in reducing the platelets
which in turn might be useful in reducing the cardiovascular diseases
as some studies suggested various mechanisms by which flavonoid
exert its antiplatelet property by lowering intracellular Ca* levels,
alteration in the metabolism of cyclic adenosine monophosphate,
and thromboxane A2[30,31]. The haemoglobin content, RBC and PCV
have also significantly increased erythropoietin release in the kidney
which is the humoral regulator of RBC production[32,33].

Thyroid hormones play important role in the growth and
development of the body and regulate metabolism[34]. So, with an
increase in thyroid activity, marked changes in thyroid hormone
production, metabolism and action occur. This may result in an
increased prevalence of sub-clinical thyroid disease that is associated
with thyroid dysfunction[35]. Many factors can influence the
concentration of these hormones and therefore disturb the general
body metabolism. Thiocyanate from tobacco, smoke, percholorate
and drugs which contain different amounts of iodine can influence
the structure and function of thyroid hormones[36]. Various other
studies reported that thyroid disorders vary according to age,
genders, ethnic and geographical areas[37].

Similar results have been observed in different plant extracts such
as Caraway[38], Everyouth and Dreamshapel391. Also Ficus carica
leaf extracts showed similar changes in the levels of T3 and T4,
where TSH level was not investigated[40].

Among the plant based contraceptives, inhibition of male fertility
after administration of natural substances has been related to
decreased spermatozoa density[41]. Also, for male contraception,
it is not necessary to stop spermatogenesis, rather to eliminate
the fertilizing ability of the spermatozoa by causing changes in

the morphology or in the function of the sperm[411. Saccharum
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officinarum, Momordica diocia and Ocimum sanctum are commonly
known plants which possess antifertility activities as reported
previously[42]. Raji et al. reported that the effects of the ethanol
extract of Azadirachta indica stem bark on body and organ weights,
sperm morphology, counts and viability, serum levels of testosterone,
luteinizing hormone and follicle stimulating hormone were studied
in Albino rats[43]. Azadirachta indica produced dose-dependent
reduction in serum testosterone and luteinizing hormone but no
change in follicle stimulating hormone levels. In the present study,
the testosterone values were reduced significantly, therefore the
aqueous extract may have contraceptive properties. However, such
deduction needs to be substantiated by other testicular parameters
and histopathological studies.

The relationship between serum lipid parameters and thyroid
hormones has been found intensivelyl44.45]. Studies on this subject
confirm the presence of an inverse relationship between thyroxin
serum levels and cholesterol[46]. Other studies demonstrate the
influence of iodothyronine on the catabolism of the very-low-
density lipoprotein, showing increase in LDL and very-low-density
lipoprotein fractions in untreated hypothyroidism[47].

In some studies, it is shown that total and LDL cholesterol are
increased in hypothyroidism[47]. In another study, it is reported that
hyperthyroidism induced a decrease in serum cholesterol. However,
no alterations were reported in hypothyroidism and euthyroidism[46].
In a population-based study in older women with high TSH, LDL
cholesterol is found 13% higher, HDL cholesterol 12% lower and
total cholesterol, although not statistically significant, 8% higher
than women with normal TSH levels[48].

The presence of hypercholesterolemia in clinical hypothyroidism
is well established[19]. It is also reported that total cholesterol and
LDL levels are increased in patients with clinical hypothyroidism[49].
This is due to the decreased activity of LDL receptors, resulting in
decreased catabolism of LDLI47]. In the present study, M. koenigii
extract is useful both in hypothyroidism as it can increase the T3 and
T4 hormone levels and decrease TSH, and in hypercholesterolemia
where it can decrease the total cholesterol.

Therefore, the results of the present study suggest that M. koenigii
extract studied showed positive haematological activities in rats and
can be recommended in the management of anaemia, immunity
dependent disorders as well as in regulating the cholesterol and
triglyceride levels. Also the extract can be used in hypothyroidism
condition to normalize hormone levels and can act as a potent

contraceptive too.

Conflict of interest statement

We declare that we have no conflict of interest.

Acknowledgments

The first author acknowledges the financial assistance received by

Sushmita Choudhury and Manoranjan Prasad Sinha/Journal of Coastal Life Medicine 2015; 3(11): 901-905

SERB, New Delhi (SB/FT/LS-406/2012) under the Fast Track Scheme

for Young Scientist.

References

[1] Sharma GN, Dubey SK, Sharma P, Sati N. Medicinal values of bael
(Aegle marmelos) (L.) Corr.: a review. Int J Curr Pharm Rev Res 2011;
1(3): 12-22.

[2] Malwal M, Sarin R. Antimicrobial efficacy of Murraya koenigii (Linn.)
Spreng. root extracts. Indian J Nat Prod Resour 2011; 2(1): 48-51.

[3] Kumar MM, Gopi R, Panneerselvam R. Screening of antioxidant
potential of the medicinal plant Bacopa monnieri (L.) Pennell. Asian Pac
J Reprod 2013; 2(4): 253-7.

[4] Barbalho SM, Farinazzi-Machado FM, de Alvares Goulart R, Brunnati
AC, Ottoboni AM, Nicolau CC. Psidium guajava (Guava): a plant of
multipurpose medicinal applications. Med Aromat Plants 2012; 1: 104.

[S] Wul, Wan Z, Yi J, Wu Y, Peng W, Wu J. Investigation of the extracts
from Bidens pilosa Linn. var. radiata Sch. Bip. for antioxidant activities
and cytotoxicity against human tumor cells. J Nat Med 2013; 67: 17-26.

[6] Bamosa AO, Kaatabi H, Lebdaa FM, Elq AM, Al-Sultanb A. Effect
of Nigella sativa seeds on the glycemic control of patients with type 2
diabetes mellitus. Indian J Physiol Pharmacol 2010; 54: 344-54.

[7]1 Esfahani HM, Esfahani ZN, Dehaghi NK, Hosseini-Sharifabad A,
Tabrizian K, Parsa M, et al. Anti-inflammatory and anti-nociceptive
effects of the ethanolic extracts of Alkanna frigida and Alkanna
orientalis. J Nat Med 2012; 66: 447-52.

[8] Parraga I, Lopez-Torres J, Andrés F, Navarro B, del Campo JM, Garcia-
Reyes M, et al. Effect of plant sterols on the lipid profile of patients
with hypercholesterolaemia. Randomised, experimental study. BMC
Complement Altern Med 2011; 11: 73.

[9] Nayak A, Banerji J, Banergy A, Mandal S. Review on chemistry and
pharmacology of Murraya koenigii Spreng (Rutaceae). J Chem Pharm
Res 2010; 2: 286-99.

[10] Gahlawat DK, Jakher S, Dahiya P. Murraya koenigii (L.) Spreng:
an ethnobotanical phytochemical and pharmacological review. J
Pharmacogn Pytochem 2014; 3(3): 109-19.

[I1]Kumar NS, Mukharjee PK, Bhadra S, Saha BP, Pal BC.
Acetylcholinesterase inhibitory potential of a carbazole alkaloid,
mahanimbine, from Murraya koenigii. Phytother Res 2010; 24: 629-31.

[12] Choudhury S, Sharan L, Sinha MP. Pharmacological efficacy of some
medicinal plants used for treatment of gastrointestinal diseases. The
Ecoscan 2013; 3: 111-6.

[13] Choudhury S, Sharan L, Sinha MP. Phytochemical and antimicrobial
standardization of the methanolic leaf extracts on Murraya koenigii
Linn. Arch Sci 2013; 66: 67-80.

[14] Sinha MP. Effects of leaf extracts of Murraya koneigii and Ficus
infectoria on regulation of thyroid disorders and lipid profile. In: Mathur
PP, editor. Proceedings of Indian Science Congress Association, section
on Zoology. New Delhi: Narendra Publishing House; 2014.

[15] Tende JA, Eze ED, Tende YA. Haematological effects of aqueous extract
of Vernonia amygdalina in Wistar rats. Sci J Biol Sci 2013; 2(3): 62-7.



Sushmita Choudhury and Manoranjan Prasad Sinha/Journal of Coastal Life Medicine 2015; 3(11): 901-905 905

[16] Oyedemi SO, Adewusi EA, Aiyegoro OA, Akinpelu DA. Antidiabetic
and haematological effect of aqueous extract of stem bark of Afzelia
africana (Smith) on streptozotocin-induced diabetic Wistar rats. Asian
Pac J Trop Biomed 2011; 1(5): 353-8.

[17] Ugwoke CC, Nwobodo ED, Unekwe P, Odike M, Chukwumai ST,
Amilo G. The reproductive dysfunction effects of gasoline inhalation in
albino rats. Niger J Physiol Sci 2005; 20(1-2): 54-7.

[18] Uboh FE, Akpanabiatu MI, Edet EE, Ebong PE. Increase activity of
serum total and prostatic acid phosphatase, alkaline phosphatase, gamma
glutamyltransferase and testosterone level in rats exposed to gasoline
vapours. J Med Med Sci 2010; 1(1): 16-20.

[19] Rashid NF, Abed BA, Abas TA. Relationship between some trace
elements, lipid profile and hypothyroidism. AJPS 2010; 8(2): 127-38.
[20] Choudhury S, Sinha MP. Effects of Psidium guajava aqueous extract on
testosterone and serum lipid profile of Albino rats. Middle East J Sci Res

2014; 21(10): 1893-7.

[21] Choudhury S, Sharan L, Sinha MP. Phytochemical and antimicrobial
screening of Psidium guajava L. leaf extracts against clinically important
gastrointestinal pathogens. J Nat Prod Plant Resour 2012; 2(4): 524-9.

[22] Choudhury S, Sharan L, Sinha MP. Antidiarrhoeal potentiality of leaf
extracts of Moringa oleifera. Br J Appl Sci Technol 2013; 3(4): 1086-96.

[23] Rifa N, Warnick GR. Lipids, lipoproteins, apolipoproteins and other
cardiovascular risk factors. In: Burtis CA, Ashwood ER, Bruns DE,
editors. Tietz text book of clinical chemistry and molecular diagnostics.
St. Louis: Elsevier Saunders; 2006.

[24] Baker FJ, Silverton RE, Pallister CJ. Baker and Silverton’s introduction
to medical laboratory technology. 7th ed. Woburn: Butterworth-
Heinemann; 1998, p. 356-60.

[25] Cheesbrough M. District laboratory practices in tropical countries, part
2. Cambridge: Cambridge University Press; 2006, p. 267-334.

[26] Demers LM, Spencer C. The thyroid pathophysiology and thyroid
function testing. In: Burtis CA, Ashwood ER, Bruns DE, editors. Tietz
text book of clinical chemistry and molecular diagnostics. 4th ed. St.
Louis: Elsevier Saunders; 2006, p. 2063-73.

[27] Omodamiro OD, Nwankwo CI. The effect of Voacanga africana leaf
extract on serum lipid profile and haematological parameters on albino
Wistar rats. Eur J Expt Biol 2013; 3(3): 140-8.

[28] George JN. Platelets. Lancet 2000; 355: 1531-9.

[29] Sharma V, Singh M. Ameliorative effects of Operculina turpethum and its
isolated stigma-5, 22dien-3-0-B-D-glucopyranoside on the hematological
parameters of male mice exposed to N-nitrosodimethylamine, a potent
carcinogen. Toxicol Int 2014; 21(1): 29-36.

[30] Adebayo AH, Abolaji AO, Opata TK, Adegbenro IK. Effects of
ethanolic leaf extract of Chrysophyllum albidum G. On biochemical and
haematological parameters of Albino Wistar rats. Afr J Biotechnol 2010;
9(14): 2145-50.

[31] Ro JY, Ryu JH, Park HJ, Cho HJ. Onion (Allium cepa L.) peel extracts
has anti-platelet effects in rat platelets. Springerplus 2015; 4: 17.

[32] Suresh M, Mallikarjuna RN, Sharan BSM, Hari KB, Shravya KG,
Chandrashekhar M. Hematological changes in chronic renal failure. Int

J Sci Res Publ 2012; 2(9): 1-4.

[33] Oyedeji KO, Bolarinwa AF, Adeyemo CO. Effect of aspirin on
haematological and plasma biochemical parameters in male Albino rats.
IOSR J Dent Med Sci 2013; 3(5): 80-3.

[34] Chi HC, Chen CY, Tsai MM, Tsai CY, Lin KH. Molecular functions of
thyroid hormones and their clinical significance in liver related diseases.
Biomed Res Int 2013; doi: 10.1155/2013/601361.

[35] Gesing A, Lewinski A, Karbownik-Lewinska M. The thyroid gland and
the process of aging; what is new? Thyroid Res 2012; 5: 16.

[36] Steinmaus C, Miller MD, Cushing L, Blount BC, Smith AH. Combined
effects of perchlorate, thiocyanate, and iodine on thyroid function in the
National Health and Nutrition Examination Survey 2007-08. Environ
Res 2013; 123: 17-24.

[37] Karimi F, Kalantarhomozi MR, Dabbaghmanesh MH, Ranjbar Omrani
G. Thyroid disorders and the prevalence of antithyroid antibodies in
Shiraz population. Arch Iran Med 2014; 17(5): 347-51.

[38] Dehghani F, Panjehshahin MR, Vojdani Z. Effect of hydroalcoholic
extract of caraway on thyroid gland structure and hormones in female
rat. Iran J Vet Res 2010; 11(4): 337-41.

[39] Ohye H, Fukata S, Kanoh M, Kubota S, Kuma K, Miyauchi A, et al.
Thyrotoxicosis caused by weight-reducing herbal medicines. Arch Intern
Med 2005; 165: 831-4.

[40] Saxena V, Dharamveer, Gupta R, Saraf SA. Ficus carica leaf extract in
regulation of thyroidism using elisa technique. Asian J Pharm Clin Res
2012; 5(2): 44-8.

[41] Shajeela PS, Mohan VR, Jesudas LL, Soris PT. Antifertility activity of
ethanol extract of Dioscorea esculenta (L.) Schott on male albino rats.
Int J Pharm Tech Res 2011; 3: 946-54.

[42] Singh A, Kala A. Duration dependent effect of plants extracts on
hematology histopathology hormonal profile and sperm parameters of
rats: an approach for male contraceptive development. Double Helix
Pharm Res 2012; 1(1): 1-9.

[43] Raji Y, Udoh US, Mewoyeka OO, Ononye FC, Bolarinwa AF.
Implication of reproductive endocrine malfunction in male antifertility
efficacy of Azadirachta indica extract in rats. Afr J Med Med Sci 2003;
32(2): 159-65.

[44] DeGroot LJ. Endocrinology. 2nd ed. Philadelphia: Saunders Company;
1989; p. 642.

[45] Xu C, Yang X, Liu W, Yuan H, Yu C, Gao L, et al. Thyroid stimulating
hormone, independent of thyroid hormone can elevate the serum total
cholesterol level in patients with coronary heart disease: a cross-sectional
design. Nutr Metab (Lond) 2012; 9: 44.

[46] Bamashmoos SA, Al-Nuzaily MA, Al-Meeri AM, Ali FH. Relationship
between total homocysteine, total cholesterol and creatinine levels in
overt hypothyroid patients. Springerplus 2013; 2: 423.

[47] Rizos CV, Elisaf MS, Liberopoulos EN. Effects of thyroid dysfunction
on lipid profile. Open Cardiovasc Med J 2011; 5: 76-84.

[48] Bauer DC, Ettinger B, Browner WS. Thyroid functions and serum lipids
in older women: a population-based study. Am J Med 1998; 104: 546-
51

[49] Pearce EN. Update in lipid alterations in subclinical hypothyroidism. J
Clin Endocrinol Metab 2012; 97(2): 326-33.



