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Abstract: 
Background: thyroid disease are the most communal disorder that occur especially in women, and divided into hypo-and hyperthyroidism. 
Material and methods: seventy patients suffering from thyroid disorder are taken and divided into four study groups according to age and type of 
disorder. In present study was intended to asses serum levels of pcsk9,ORX-A in patients of  hypothyroidism and hyperthyroidism using pcsk9 
ELISA kit(A Catalog No: E-EL-H1579 and ORX-A ELISA kit(A Catalog No: E-EL-H1015).The results showed that pcsk9 increase in patients 
of hypothyroidism and decrease in patients of hyperthyroidism ,also ORX-A increase in patients of hypothyroidism and decrease in patients of 
hyperthyroidism. 

Key words: PCSK9, ORX-A 

INTRODUCTION 
Thyroid gland one of the biggest endocrine glands in the human 
body, it lie in neck under Adams apple and anterior to trachea. It 
secret two types of hormones Triiodothyronine(T3) and 
Thyroxine(T4) which responsible on regulate metabolic processes 
in body, therefore any defect either hypo- or hyperthyroidism  lead 
to many problems associated with metabolism [1].  
Hyperthyroidism, which mean thyroid gland, is over active and 
produce additional hormone than normal, occur due to several 
causes such as immunologic state and thyroid tumor [2]. 
Hypothyroidism, which mean thyroid gland is under active, 
classified to two types primary which caused by either congenital 
or acquired such as destruction the gland by autoimmune diseases 
and secondary hypothyroidism which result from causes lie outside 
thyroid gland such as defect in secret Thyroid stimulating hormone 
(TSH) from pituitary gland or defect in hypothalamus [3,4]. 
There are many testes achieved in laboratory to investigate any 
disorder associated with thyroid gland such as quantitate measure 
of  TSH, T3 and T4. In addition, many markers used to diagnosis 
and prognosis thyroid disorders, such as, Proprotein convertase 
subtilisin kexin type nine and Orexin-a [5]. 
Proprotein converters subtilisin kexin kind 9 was one of nine serine 
proteases termed because bacterial subtlisin and families yeast 
kexin, it discovered in 2003 [6].In human, PCSK9 is rich expresses 
in liver, but it is also present in small amounts in intestine, central 
nervous system and kidneys [7]. This enzyme have role important 
in lipid homeostasis due to it regulate the action Low Density 
Lipoprotein Receptor (LDLR). It helps the degradation of the 
low-densities lipoproteins receptor (LDLR) in liver cell and rises 
LDL cholesterol (LDL-C) therefore; PCSK 9 can show a role in the 
progress of dyslipidemia linked with the metabolic disorder [8]. 
Orexin-A, also called as hypocretin-1 is one of neuropeptides 
which consist of 33 amino acid that produce in hypothalamus, at 
first detected in the brain of rats at 1998. Deficient in Orexin-A lead 
to narcolepsy (make the people sleep more than normal) 
[9,10].Orexin-A produced in the lateral hypothalamus are 
hypothalamic peptides involved in food intake, metabolic rate, 
growth hormone production, autonomic function, and the 
sleep/wake cycle [11,12]. 

MATERIALS AL METHODS 
Healthy groups and Patient 
Seventy women patient are separated in four group study: 
premenopausal hypothyroidism patients group 20 and 
postmenopausal hypothyroidism 15 and premenopausal 
hyperthyroidism patients groups 17 and postmenopausal 
hyperthyroidism 18, the control group was composed of 18 healthy 
women, also divided into premenopausal control and 
postmenopausal control. The samples were collected from the 
Center for diabetes and Endocrinology Unit in Teaching Hospital 

al-Sadder in al-Najaf /iraq, and AL FURAT AL AWSAT Hospital 
in al-Najaf /iraq and through a period from September until 
December 2017. The ages of patients and control ranged 18-77 
years. 
All persons women were  expose to asker around age, menstrual 
cycle,  disease history, family histories, take therapy,  then blood 
samples and were  send for testing. 
Female have disease such as (disease heart, acute infection, 
rheumatoid disease, kidney disease, anemie (Hb<10% g/dl), and 
ages less than 15 years were excluded. 
Inclusion criteria:The patients were diagnosed by serologic test 
using laboratory test such as (T3, T4, TSH) using new devices 
(minividus).patients show positive results when the test of (T4, T3 
and TSH) out of normal value. Patient that show increase in T3, T4 
and decrease in TSH are labeled as hyperthyroidism, and patient 
that show decrease in T3, T4 and increase in TSH are labeled as 
hypothyroidism and this depending on tests that conducted to the 
patient and symptoms. 

RESULTS 
The results of figure (1) revealed significant differences in orexin-a 
between hypo and hyperthyroidism compared with control, 
significantly increased (p<0.05) in orexin-a in hypothyroidism in 
contrast to control groups, while the level of orexin-a in patients 
with hyperthyroidism   significant decrease (p<0.05) in contrast 
with control group.  

Figure (1): Comparison ORX-A in hypo and hyperthyroidism 
compared with control group. 

Comparison of orexin-a in hyperthyroidism between pre and 
postmenopausal compared with control groups. 
The results of figure (2) revealed significant differences in orexin-a 
in hyperthyroidism between pre and postmenopausal compared 
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with control, significant decrease (p< 0.05) In orexin-a in 
premenopausal in contrast with health groups, and significantly 
decrease (p< 0.05) In orexin-a In postmenopausal in contrast with 
health groups. 
 

 
Figure (2): Comparison of ORX-a in hyperthyroidism between pre 

and postmenopausal compared with control group. 
 
Comparison of orexin-a in hypothyroidism between the pre 
and postmenopausal matched with health groups. 
The results of figure (3) revealed significant differences in 
orexin-a    in hypothyroidism between the pre and the 
postmenopausal in contrast with  the health,  significantly increase 
(p<0.05) in orexin-a in premenopausal in contrast  with the health 
groups, and significant increase (p< 0.05) In orexin-a in 
postmenopausal in contrast with the health groups in addition 
significantly increase In orexin-a in postmenopausal than 
premenopausal 
 

 
Figure (3): Comparison of ORX-a in hypothyroidism stuck 

between pre and postmenopausal compared with control group. 
Comparison of pcsk9 in hypo and hyperthyroidism compared 
with control groups. 
The results of figure (4) revealed significant differences in pcsk9 
between hypo and hyperthyroidism compared with control, 
significantly increased (p<0.05) in pcsk9 in hypothyroidism 
matched with control groups, whereas an significantly decline (p< 
0.05) In pcsk9 in hyperthyroidism in contrast with control group. 

 
Figure (4): Comparison of pcsk9 in hypo and hyperthyroidism 

compared with control group. 
 
Comparison of pcsk9 in hyperthyroidism between pre and 
postmenopausal compared with control groups. 
The results of figure (5) revealed significant differences in pcsk9 in 
hyperthyroidism between pre and postmenopausal compared with 
control, significant reduction (p< 0.05) In pcsk9 in the 
premenopausal in contrast with the health groups, and the a 
significant reduction (p< 0.05) In pcsk9 In postmenopausal in 
contrast  with the health groups. 
 

 
Figure (5): Comparison of pcsk9 in hyperthyroidism between the 

pre and postmenopausal compared with control group. 
 
Comparison of pcsk9 in hypothyroidism between the pre and 
postmenopausal matched with the health groups. 
The results of figure (6) revealed significant differences in pcsk9 in 
hypothyroidism between the premenopausal and the a 
postmenopausal related with a health, significantly increase 
(p<0.05) in pcsk9 in premenopausal related with a health groups, 
and  the significantly rise (p< 0.05) In pcsk9 in postmenopausal in 
contrast with  the control groups, also  the significantly rise In 
pcsk9 in postmenopausal than premenopausal. 
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Figure (6): Comparison of pcsk9 in hypothyroidism between the pre and 

postmenopausal compared with control group. 
 

Comparison of lipid profiles between the hypo and 
hyperthyroidism compared with control group. 
The consequences of  table (1) shown  the significant dissimilarities 
in  a lipid   between the hypo and hyperthyroidism in contrast with 
health  group, significantly improved (p< 0.05)  In hypothyroidism 
in  the serum cholesterols, triglyceride ,VLDL,LDL and HDL 
compare with the health groups whereas  the significant decline (p< 
0.05)  In hyperthyroidism in cholesterol and triglyceride, VLDL, 
LDL and HDL compared with control groups. 
 
Table (1): Comparison of the serum levels lipid profile between Hypo and 

Hyperthyroidism compared with control 

Lipid profiles 
Means ± S.E. 

Control group Hypo group  Hyper group  
Cholesterol mg/dl 177±21.33 257±54.91 * 130±32.11* 
TG mg/dl 121±14.2 358±47.6 * 110±28.53 * 
VLDL-C mg/dl 26.2±1.24 71.6±4.33 * 24.2±2.51 
HDL-C mg/dl 46±4.55 56±12 * 30±34 * 
LDL-C mg/dl 55±1.83 188±8.92 * 50±5.66* 
 
Correlation between biomarkers and lipid profile   
Correlation between cholesterol and biomarker 
Consequences of the association and a linear regression between 
the cholesterol and the biomarker concentrations revealed: 
1- figure (9) showed, there are an significant positive 
relationship (r = 0.906) between orexin-a  and  the cholesterol 
concentration. 
2- figure (10) indicated, there is an significantly positive 
relationship    (r = 0.913) between the pcsk9 and the cholesterol 
level. 

 
Figure (9): Correlation between serum cholesterols and the serum ORX-A 

 
Figure (10): Correlation between serum cholesterols and  the serum  pcsk9 
 
Correlation between the triglyceride and biomarkers 
Consequences of the association and linear regression amongst the 
triglyceride   and the biomarker concentrations revealed: 
1- Figure (11) showed, there are an significantly positive 

relationship     (r = 0.69) between the orexin-a  and the TG 
concentrations. 

2- Figure (12) showed, there are an significantly positive 
relationship     (r = 0.74) between the pcsk9 and the TG level. 

 
Figure (11): Correlation between serum triglyceride and  serum ORX-A 

 
Figure (12): Correlation between serum triglyceride and  serum pcsk9 

 
Correlation between the VLDL and a  biomarkers 
Consequences of relationship and linear regresion amid very 
low-density lipoprotein and the biomarkers concentrations 
revealed 
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1-Figure (13) showed, there are an significantly positive 
relationship  
(r = 0.74) between the orexin-a and the VLDL concentrations. 
2-Figure (14) showed, there are an significantly relationship   (r = 
0.79) between the pcsk9 and the VLDL levels. 

 
Figure (13): Correlation between serum VLDL and  serum ORX-A 

 

 
Figure (14): Correlation between serum VLDL and  serum pcsk9 

Correlation between the HDL and biomarkers 
Consequences of relationship and linear regresion amongst the 
high-density lipoprotein and the biomarkers concentrations 
revealed: 
1-Figure (15) showed, there are an significantly positive 
relationship   (r = 0.97) between the orexin-a and the HDL 
concentrations. 
2-Figure (16) showed, there are an significantly positive 
relationship    (r = 0.98) between the pcsk9 and the HDL levels. 
 

 
Figure (15): Correlation between serum HDL and  serum orexin-a 

 

 
Figure (16): Correlation between serum HDL and  serum PCSK9 

 
Correlation between LDL and biomarkers 
Consequences of relationship and linear regresion amongst the 
low-density lipoprotein and the biomarkers concentrations 
exposed: 
 1-Figure (17) showed, there are an significantly positive 
relationship (r = 0.91) among the orexin-a  and the LDL 
concentrations. 

3- Figure (18) showed, there are an significantly positive 
relationship (r = 0.90) among the pcsk9 and the LDL 

levels. 
4-  

 
Figure (17): Correlation between serum LDL and  serum orexin-a 

 

 
Figure (18): Correlation between serum LDL and  serum pcsk9 
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DISCUSSION 
The current study revealed significant differences in orexin-a 
between hypothyroidism and hyperthyroidism when compared 
with control group, significantly increased (p<0.05) in orexin-a in 
hypothyroidism compared with control group, while the level of  
orexin-a in patients with hyperthyroidism significant decrease 
(p<0.05)  in contrast with control group. 
The study was done by Tohma et al.,(2015) agreement with this 
current study which found that the ORX-A level was  decrease in 
patients group with hyperthyroidism when contrast with control 
group. And also this study found ORX-A (an orexigenic peptide) in 
patients with hyperthyroidism has lower level and after 
euthyroidism the level of ORX-A was increase, and there level 
become similar to which found in health (control) group [13]. In 
addition, this study was found strong relationship between decrease 
level of ORX-A and predictive diagnosis for hyperthyroidism, and 
this agreement with current study. 
There is no past study take the direct relationship between 
hypothyroidism and Level of ORX-A, but many of study(Messina 
et al., 2015c)  take the relationship between the BMR(Basal 
metabolic rate) and hypothyroidism, and found BMR increase in 
patients with hyperthyroidism[14]. 
And decrease level of BMR in patients with hypothyroidism 
(Melmed et al., 2012) (163).  Another study was done by Tohma  et 
al., (2015) was found negative correlation between BMR and 
ORX-A. And more than this, this study found negative correlation 
between level of ORX-A and Ft3 and FT4 and in same time have 
positive correlation between ORX-A and TSH [15]. 
From all past studies can be conclude that the level of ORX-A 
increase in patients with hypothyroidism patients and this 
agreement with current study.  
This current study agreement with study done by El-Sedeek et al., 
(2010) found negative relationship between ORX-A and level of 
estrogen, this meaning the level of ORX-A in postmenopausal 
patients higher than pre-menopausal women(estrogen Have 
inhibitory effect on ORX-A) [16]. 
Also there are study found, the women who take 
HRT(postmenopausal hormone-replacement therapy)or ERT 
(estrogen replacement therapy) have lower level of ORX-A in 
contrast with women who not receiving HRT or ERT.   
Also there is another study found the  postmenopausal women who 
don’t receive ERT have higher plasma cholesterol and triglyceride 
more than postmenopausal women who receive ERT, and in 
general the post-menopausal women have higher plasma level of 
TG and cholesterol than pre-menopausal(Taylor and Samson, 
2003)  , and this study agreement with current study that found 
ORX-A higher in post-menopausal women than pre-menopausal 
women ( estrogen decrease after postmenopausal) [17]. 
 The current study revealed  significant differences in pcsk9 
between hypo and hyperthyroidism in contrast with control, 
significantly increased (p<0.05) in pcsk9 in hypothyroidism in 
contrast with control group, while a significant decrease (p<0.05) 
in pcsk9 in hyperthyroidism compared with control group. 
There are many studies found serum PCSK9 levels change in 
patients with thyroid disorder .The level of PSCK9 increase in 
patients with hypothyroidism by compared with control 
group[18].while decrease in patients with hyperthyroidism by 
compared with control group [19].and because PSCK9 have effect 
to increase the level of plasma lipid profile [20,21].,therefore found 
positively correlation between hypothyroidism patients with this 
marker while negatively correlation with hyperthyroidism  [2]. and 
this agreement with current study. 
In addition, the study of (Ozkan et al., 2015) indicate PCSK9 levels 
were positively correlate with TSH and negatively with fT3 and 
fT4. The correlations we observed between PCSK9 and TSH, fT3 
and fT4 support the idea that thyroid hormones affect PCSK9 
levels. This study in accordance with current study [18]. 

Current study also agree with study done by Kwakernaak et al.,( 
2013) which show determined decline in thyroid function, as 
indicated by high-normal TSH levels, may confer increase PCSK9 
plasma level[23]. 
The current study revealed significant differences in pcsk9 in 
hyperthyroidism between pre and postmenopausal compared with 
control, significantly reduction (p<0.05) in pcsk9 in 
premenopausal in contrast with control groups, while the level of 
pcsk9 in postmenopausal patients with hyperthyroidism significant 
decrease (p<0.05) in contrast with control group. 
The study was done (Bonde et al., 2014) agreement with this 
current study which found that serum PCSK9 levels were reduce in 
hyperthyroidism [19]. The study of (Lakoski et al., 2009; Cui et al 
., 2010; Chernogubova et al., 2012) have shown that PCSK9 levels 
correlate to age and gender, it is increase with age in a healthy 
population, and it is higher in females then in males. Plasma levels 
of pcsk9 are higher in postmenopausal women than 
pre-menopausal women, pcsk9 correlate with age only in women 
but not in men [24,25,26].As a mentioned above, there are found 
difference in pcsk9 in female between pre- and postmenopausal 
when compared with control groups in hyperthyroidism, in both 
states it is decrease in pcsk9 (Bonde et al., 2014) and this is  in 
accordance with current study[19]. 
The results of figure (6) revealed significant differences in pcsk9 in 
hypothyroidism between pre and postmenopausal compared with 
control, significantly increase (p<0.05) in pcsk9 in premenopausal 
in contrast with control groups, while the level of pcsk9 in 
postmenopausal patients with hypothyroidism significant increase 
(p<0.05) in contrast with control group.Also significant increase in 
pcsk9 in postmenopausal than premenopausal. 
The study of (Ozkan et al., 2015) indicate we found increased 
PCSK9 levels in patients with hypothyroidism in contrast with 
control. In current study, pcsk9 increase in both state 
premenopausal and postmenopausal but the study of (Moumita et 
al., 2015) show pcsk9 were 22% higher in postmenopausal than 
premenopausal [18,27]. 
Pcsk9 levels in healthy has variation, and age and gender can effect 
(influence) on pcsk9 [26]. 
The study of (Moumita et al., 2015) indicate that PCSK9 level rise 
in female after menopause,and the Variation in the endogenous 
estrogen levels during menstrual cycle can contributes to the 
interindividual difference in  LDL-C and pcsk9 in the normal 
females. In postmenopausal there were lower estrogen levels 
compared with premenopausal women. The study of (Persson et 
al., 2009; Person et al., 2012) show there are inversely correlation 
between pcsk9 and estrogen, as mentioned pcsk9 increase in 
postmenopausal than premenopausal and this is accordance with 
study [27,28,29]. 
The current study revealed a significant positive correlation 
between pcsk9 and, LDL-C, TG, VLDL, TC and HDL. 
PCSK9 was synthesize in liver and secrete into the plasma. Pcsk9 
act by combine to the LDL receptor (LDLR) on a cell surface and 
chaperones the LDLR in the direction of the lysosome 
compartment for degradation. Thus, this action of PCSK9 declines 
the number of LDLR, which is available to be recycled back to the 
cell surface to remove LDL from the plasma. Decreased LDLR 
results in increased a plasma LDL level [30].Deficiency of LDL-R 
accounts for the increased plasma concentrations of LDL and 
VLDL [31].also the study of (Chernogubova et al., 2012) show 
positive relationship between circulating pcsk9 levels and LDL 
concentration and provided further evidence for association 
between pcsk9 levels and plasma triglyceride[27]. 
The current study revealed significant positive association between 
ORX and TC, HDL, LDL-C, TG, and VLDL. 
The study of (Skrzypski et al., 2011) show OXA can stimulates 
accumulation of lipid in an isolated adipocytes [32].An anabolic 
activity of the OXA are based on a phosphorinositide 3-kinase 
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(PI3K) - and peroxisome proliferator-activated receptor γ 
(PPARγ)- dependent that could inhibition of lipolysis and 
stimulation of lipogenesis. OXA PI3K-dependently elevated 
translocation membrane of Glucose transporter 4 (GLUT4) and an 
active uptake of the glucose, which are then converted to 
triacylglycerol. Activation of PI3K are know to enhancing 
accumulation of lipid in 3T3-L1 adipocytes. Agreement with this, 
we demonstrate that PI3K inhibition can prevent OXA-induced 
triacylglycerol accumulation. Earlier work demonstrated that OXA 
stimulates the proliferation of the 3T3-L1 pre-adipocytes [33].The 
differentiation of adipocytes critically depend upon PPARγ. 
Increased expression of PPARγ2 stimulates proliferation of a 
adipocytes and lipid accumulation. Isoform of PPARγ2 are 
restricted to and highly abundant in adipocytes. OXA increased 
PPARγ2 protein level in a adipocytes [34], possibly representing 
the mechanism of lipogenic activity of OXA. Evidence supporting 
the role of PPARγ in OXA stimulated triacylglycerol synthesis. 

CONCLUSION 
Conclude from the current study: 
1. Orexin-A and PCSK9 play an important role inconfirming
thyroid diseases diagnosis.
2. PCSK9 is closely related to lipid homeostasis, so with the
determination of the levels of fat in the body can be confirmed
diagnosis lipid Disruption of the thyroid diseases.
3. Orexin-A is closely associated with appetite for food as well as
its relationship with the sleep/wake cycle, so this hormone is
important in the diagnosis of disorders of metabolism and sleep
disorder in the thyroid diseases.

REFERENCE 
1. Guyton, A. C. and Hall, J. E. (2016). Thyroid metabolic hormone.

Textbook of Medical Physiology. 13th ed. Elsevier ., 900-912.
2. Barrett, K. E.; Barman, S. M.; Boitano, S. and Brooks, H.L. (2016). Basic

Concepts of Endocrine Regulation.  Ganong's Review of Medical
Physiology. 25th ed. McGraw Hill Education., 298-306.

3. Almandoz, J. P. and Gharib, H. (2012). Hypothyroidism: etiology,
diagnosis, and management. Med. Clin. North. Am., (96):203-221.

4. Caturegli, P.; De Remigis, A. and Rose, N. R. (2014). Hashimoto
thyroiditis: clinical and diagnostic criteria. Autoimmun .Rev., 
(13):391-397. 

5. Kwakernaak, A. J.; Lambert, G.; Slagman, M. C.; Waanders, F.;
Laverman, G. D.; Petrides, F.; Dikkeschei, B. D.; Navis, G.and Dullaart,
R. P. (2013a). Proprotein convertase subtilisin-kexin type 9 is elevated in
proteinuric subjects: relationship with lipoprotein response to
antiproteinuric treatment. Atherosclerosis. (226):459–465.

6. Seidah, N. G.; Benjannet, S.; Wickham, L.; Marcinkiewicz, J.; Jasmin ,S
.B.; Stifani, S.; Basak, A.; Prat , A. and Chretien, M.(2003). The secretory 
proprotein convertase neural apoptosis-regulated convertase 1 (NARC1):
liver regeneration and neuronal differentiation. Proc. Natl. Acad. Sci. U. S.
A., (100):928-33.

7. Cohen, J.; Pertsemlidis, A.; Kotowski, I. K.; Graham, R.; Garcia, C. K.
and Hobbs, H. H.(2005). Low LDL cholesterol in individuals of African
descent resulting from frequent nonsense mutations in PCSK9. Nat. Genet. 
(37):161-5. 

8. Weinreich ,M. and Frishman, W.H. (2014). "Antihyperlipidemic therapies
targeting PCSK9". Cardiology in Review. 22 (3): 140–6.

9. Monda, M.; Messina, G.; Vicidomini, C.; Viggiano, A.; Mangoni, C.; and 
De Luca, B. (2006).Activity of autonomic nervous system is related to
body weight in pre-menopausal, but not in post-menopausal women. Nutr. 
Neurosci., 9(3-4): 141-5.

10. Messina, G.; De Luca, V.; Viggiano, A.; Ascione, A.; Iannaccone, T.;
Chieffi, S. and Monda, M. (2013).Autonomic nervous system in the
control of energy balance and body weight: personal contributions.
Neurol. Res. Int., 1-5. 

11. Mieda, M. (2017). The roles of orexins in sleep/wake regulation. Neurosci. 
Res. (118):56-65.

12. Walker, L.C.; and Lawrence, A.J. (2017).The role of orexins/hypocretins
in alcohol use and abuse. Curr. Top. Behav. Neurosci. (33):221-246.

13. Tohma, Y.; Akturk, M.; Altinova, A.; Yassibas, E.; Cerit, E. T. Gulbahar, 
O. and et al. (2015). Circulating levels of orexin-A, Nesfatin-1, 

agouti-related peptide and neuropeptide Y in patients with 
hyperthyroidism. Thyroid .(25): 776–783. 

14. Messina, G.; Zannella, C.; Monda, V..; Dato, A.; Liccardo, D.; De Blasio, 
S. and et al. (2015c). The beneficial effects of coffee in human
nutrition. Biol. Med.

15. Melmed, S.; Polonsky, K. S.; Reed Larsen, P. and Kronenberg, H. M.
(2012) .Hypothyroidism and thyroiditis. Williams textbook of
Endocrinology. 12th ed. Elsevier.

16. El-Sedeek, M.; Korish, A. A. and Deef, M.M.(2010). “Plasma orexin-A 
levels in postmenopausal women: possible interaction withestrogen and
correlation with cardiovascular risk status,” B.J.O.G., (117) 4: 488–492.

17. Taylor, M.M. and Samson, W.K.(2003). The other side of the orexins:
endocrine and metabolic actions. Am. J. Physiol Endocrinol Metab.,(284):
13–7. 

18. Ozkan,  C.; Akturk, M.; Altinova, A. E.; Cerit, E. T.; Gulbahar, O.; Yalcin, 
M. M.; Cakir, N.; Balos. and Toruner, F. (2015). Proprotein convertase
subtilisin/ kexin type 9 (PCSK9), soluble lectin-like oxidized LDL
receptor 1 (sLOX-1) and ankle brachial index in patients with
differentiated  thyroid cancer. Endocr. J., (62):1091–1099.

19. Bonde, Y.; Breuer, O.; Lutjohann, D.; Sjoberg, S.; Angelin, B. and
Rudling, M. (2014). Thyroid hormone reduces PCSK9 and stimulates bile 
acid synthesis in humans. J. Lipid Res. (55):2408-15.

20. Dedecjus, M.; Masson, D.; Gautier, T.; de Barros, J.P.; Gambert, P. and et 
al. (2003). Low cholesteryl ester transfer protein (CETP) concentration but 
normal CETP activity in serum from patients with short-term 
hypothyroidism Lack of relationship to lipoprotein abnormalities. Clin. 
Endocrinol. (Oxf). (58): 581-588.

21. Pearce, E.N.; Wilson, P.W.; Yang, Q.; Vasan, R.S.and Braverman, L.E.
(2008) .Thyroid function and lipid subparticle sizes in patients with
short-term hypothyroidism and a population- based cohort. J Clin
Endocrinol Metab. (93): 888- 894.

22. Duntas, L.H.and Brenta, G. (2012). The effect of thyroid disorders on lipid 
levels and metabolism. Med. Clin. North. Am. (96): 269-281.

23. Kwakernaak, A.J.; Lambert, G.; Muller Kobold, A.C.and Dullaart,
R.P.F.(2013).Adiposity blunts the positive relationship of thyrotropin with 
proprotein convertase  ubtilisin-kexin type 9 levels in euthyroid subjects.
Thyroid.(23):166–172.

24. Cui, Q.; Ju, X.; Yang, T.; Zhang,  M.; Tang, W.; Chen, Q.; Hu, Y.; Haas, J. 
V.; Troutt, J. S.; Pickard, R. T.; Darling, R.; Konrad, R. J.; Zhou, H. and
Cao, G.(2010). Serum PCSK9 is associated with multiple metabolic
factors in a large Han Chinese population. Atherosclerosis ., (213):632-6.

25. Lakoski, S. G.; Lagace, T. A.; Cohen, J. C.; Horton, J. D. and  Hobbs, H.
H. (2009). Genetic and metabolic determinants of plasma PCSK9 levels.
The Journal of clinical endocrinology and metabolism. (94):2537-43.

26. Chernogubova , E. R.; Strawbridge , H.; Mahdessian , A.; Malarstig , S.
Krapivner , B.; Gigante , M. L.; Hellenius , U.; de Faire , A.; Franco- 
Cereceda , A. C.; Syvanen .and et al . (2012) . Common and low-frequency 
genetic variants in the PCSK9 locus influence circulating PCSK9  levels.
Arterioscler. Thromb. Vasc. Biol. 32 : 1526 – 1534 .

27. Moumita, G. L.; Karolinska, I. and Amit, L. (2015). A Brief Review on
Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) .Indian Journal
.E.P.P.1.(1):29-36.

28. Persson, L.; Henriksson, P.; Westerlund, E.; Hovatta, O.; Angelin, B.  and 
Rudling, M.(2012). Endogenous estrogens lower plasma PCSK9 and LDL 
cholesterol but not Lp(a) or bile acid synthesis in women. Arterioscler. 
Thromb. Vac. Biol. (32):810-4.

29. Persson, L.; Galman, C.; Angelin, B. and Rudling, M. (2009). Importance 
of proprotein convertase subtilisin/kexin type 9 in the hormonal and
dietary regulation of rat liver low-density lipoprotein receptors.
Endocrinology.  (150):1140-6.

30. Seidah, N.G.; Awan, Z.; Chrétien, M. and Mbikay, M.(2014). PCSK9: a
key modulator of cardiovascular health. Circ. Res., (114): 1022-1036.

31. Sullivan, D.; Olsson, A.G.; Scott, R. and et al. (2012). Effect of a
monoclonal antibody to PCSK9 on low-density lipoprotein cholesterol
levels in statin-intolerant patients the GAUSS randomized trial. J.A.M.A. 
(308): 2497-2506. 

32. Skrzypski, M.;  Le, T. T.; Kaczmarek, P.; Pruszynska-Oszmalek, E.;
Pietrzak, P.;Szczepankiewicz, D.;  Kolodziejski, P. A.; Sassek, M.; Arafat, 
A.; Wiedenmann, B.; Nowak, K.W. and Strowski, M.Z. (2011).Orexin A
stimulates glucose uptake, lipid accumulation and adiponectin secretion
from 3T3-L1 adipocytes and isolated primary rat adipocytes. 
Diabetologia.(54):1841–1852.

33. Zwirska-Korczala ,K.; Mczyk-Sowa, M.; Sowa, P. and et al .(2007). Role 
of leptin, ghrelin, angiotensin II and orexins in 3T3 L1 preadipocyte cells
proliferation and oxidative metabolism. J  Physiol Pharmacol., (58):53–
64. 

34. Digby, J.E.; Chen, J.; Tang, J.Y.; Lehnert, H.; Matthews, R.N. and
Randeva, H.S. (2006). Orexin receptor expression in human adipose
tissue:  effects of orexin-A and orexin-B. J. Endocrinol., (191):129–136.

Hassanein.F. Mohammed et al /J. Pharm. Sci. & Res. Vol. 10(9), 2018, 2263-2268

2268




