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Abstract
Patients with polycystic ovarian syndrome showed hormonal imbalance and hyperandrogenemia
because of higher secretion of androgen from theca cells of ovaries and adrenal gland due to excess
LH or hyperinsulinemia. Obesity and increase fat mass aid the pathophysiology of PCOS, therefore,
Different studies try to find the relationship of PCOS with Vaspin protein, which expressed in visceral
adipose tissue resulting in increased insulin sensitivity by different mechanisms. This study is
designed to show the effect of metformin treatment on Vaspin levels in newly diagnosed PCOS
patients treated by this drug and the association of PCOS hormonal changes with Vaspin level
Forty three patients of newly diagnosed PCOS patients are included in the study with no abnormal
thyroid or adrenal function, they do not use oral contraceptive or other treatment to treat their PCOS
before the study, they agree to start metformin 850 mg twice daily for three months and provide
fasting blood sample with measuring BMI, at the second day of menstruation before starting treatment
and after completing three months of treatment. FSH, LH, SHBG, total testosterone, insulin, glucose,
estradiol are determined by cobas technique, while Vaspin and free testosterone are determined by
ELISA technique. Homeostatic model assessment is used to measure insulin resistance (HOMA-IR)
is determined according to the following formula: HOMA-IR=(Fasting Insulin multiplied by Fasting
glucose)divided by 22.5
It was found that there were no significant changes in BMI, FSH,LH, SHBG, total testosterone,
estradiol and vaspin after end of treatment for all patients, but free testosterone and HOMA-IR
showed significant decrease at p-value 0.02 and 0.03 respectively.
The study reveals that metformin can induce decrease in free testosterone and insulin resistance but
cannot produce sever weight loss or changes in hormones regulating menstrual cycle, SHBG or
Vaspin. The study suggested that there are different factors can affect Vaspin level in PCOS patients
other than insulin resistance as its level failed to decrease after intake of insulin sensitizing drug,
metformin.
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INTRODUCTION
Polycystic ovarian syndrome (PCOS), found in
women, is one of the most common endocrine disorder,
characterized by excess androgen, hirsutism and
infertility (Okoroh et al.2012). Human theca cells of
PCOS ovaries secret higher androgen level than normal
theca cell ovaries which may play a role in production of
PCOS ovarian features (Nelson et al. 1999). In PCOS
patients, gonadotrophin releasing hormone produced in
rapid pulses, which favors LH production and decrease
FSH production, net result is increment of androgen
production from theca cells and fall of granulosa
aromatase, which is important to change androgen to
estradiol (Conway et al. 2014). In PCOS, the increased

of ovarian volume with follicle numbers (Rackow et al.
2018), menstrual dysfunction and infertility are highly
correlated with LH level (Kumar and Sait 2011).
Hyperinsulinemia and insulin resistance are common
features in PCOS women (Dunaif 1997),this is more
obvious in amenorrheic PCOS women or those with
anovulatory menses than those with regular cycle.
Decrease in peripheral sensitivity to insulin in PCOS
patients, may be attributed to obesity, distribution of fat,
and muscle mass (Dunaif 1997). However, increase
insulin level directs ovarian steroidogenic enzymes
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Fig. 1. The structure of Vaspin protein

(Bloomgarden 2010), leading to increase androgen,
decrease SHBG and abolish ovulation (Legro et al.
2005). Insulin may also exert an effect on the
hypothalamus and /or pituitary resulting in an abnormal
gonadotrophins level augmenting LH action on ovary
(Maqbool et al. 2019).
Adipose tissue is not only for energy store in form of
fat, but also act as a multifunctional endocrine tissue,
that express and secret bioactive peptide called
‘adipokines”, which can act on local, or systemic level
(Kershaw and Flier 2004). Hormones such as insulin,
adrenaline, noradrenaline and cortisone act on
adipocytes regulating their function (Lehr et al. 2012;
Saidi et al., 2018). Disruption of secretion of adipokine
results in metabolic disorder (Kershaw and Flier
2004).Vaspin or (Visceral Adipose Tissue Derived
Serpin) is a novel Adipocytokine that regulate glucose
and lipid metabolism (Li et al. 2008), it is a protein
consists of 415 amino acids in human, expressed in
visceral adipose tissue (Hida et al. 2005). Vaspin is
belonging to Serine protease inhibitors and consists of
three β-sheets (A,B,C), nine α-helix and one active site
loop, as Fig. 1 (Hida et al.2000). Proteases are trapped
in the structure of Vaspin between helices and sheets,
therefore, vaspin is considered as a “suicide “ enzyme
inhibitor (Silverman et al.2001). Vaspin inhibit proteases
that play a role in the degradation of substances
resulting in direct or indirect glucose lowering effect
(Hida et al. 2005) and increase glucose transporter type
4(GLUT4) expression and translocation in obese old
myotubes (Nicholson et al. 2019), pancreatic cells (Liu
et al.2017),pre-adipocytes (Liu et al. 2015), and
endothelial progenitor cells (Sun et al. 2015). Vaspin
also regulates feeding behavior by triggering anorectic
pathway
in
hypothalamus
mediating
food
inhibition(Brunetti et al. 2011) and stimulates receptor of
FSH, LH, progesterone and estradiol, and resulted in
increase secretion of progesterone and Estradiol
(Kurowska et al. 2020)and increases expression of
factors that suppress cytokine induced inflammation in
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adipocyte, cause attenuation of inflammatory response
(Liu et al. 2015).
Increase androgen in females cause increase in fat
mass, intra-abdominal mass, decrease adiponectin
level, and disturbing adipose tissue function (Caldwell et
al. 2017, Kauffman et al. 2015, Dumesic et al. 2016).
While, Testosterone increase release of non- esterified
fatty acid from visceral adipocyte Xu et al. 1990),
increase lipolysis, impair adipocyte insulin signaling and
generation of adipokine (O'Reilly et al. 2014). Moreover,
enzymes expressed in adipose tissues that activate or
inactivate androgen precursors are disturbed in PCOS
adipose tissues, these enzymes in normal women
regulate adipocytes proliferation, differentiation, insulin
sensitivity, adipokine signaling and lipoid metabolism
(O'Reilly et al. 2014). Therefore, visceral fat has great
contribution to insulin resistance via adipokine and fatty
acid release (Zhuang et al. 2009; Khodaie et al., 2019).
In fact, metformin drug used in PCOS treatment,
increase insulin mediated glucose uptake in liver,
visceral fat and muscle (Diamanti-Kandarakis et al.
2010). Also affect on neurotransmitter expression which
result in decrease Gonadotrophin releasing hormone
secretion and hence decrease LH from pituitary(Oride et
al. 2010), decrease infiltration of immune cells in liver
and brown adipose tissue, possessing anti-inflammatory
activity(Kim et al. 2018). Moreover, metformin
downregulate level of obesity related factors like
cholesterol, LDL and mitigate progression of obesity
(Kim et al. 2016; Mirzaie, 2018).
Because of the complex interaction between adipose
tissue, Vaspin, steroid hormone and insulin resistance in
PCOS, this study is designed to show the effect of
metformin treatment on Vaspin level and other
parameters in PCOS patients.

SUBJECTS, MATERIALS AND METHODS
This study deals with forty three newly diagnosed
PCOS women according to Rotterdam criteria, with no
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Table 1. Comparison of different parameters before and after metformin intake for all patients participated in the study
Measured Parameters
Body mass index
FSH (uIU/ml)
LH
(uIU/ml)
TESTOSTE RONE(ng/ml)
FREE TESTOSTERONE(Pg/ml)
Estradiol (Pg/ml)
SHBG (nmol/L)
HOMA-IR
Vaspin (pg/ml)

Before treatment
Mean
se
29.29
0.89
6.32
0.29

After treatment
Mean
27.5
6.41

se
0.87
0.61

0.15
0.89

10.66

0.9

8.68

1.04

0.15

0.55
2.86
119.45
27.68
5.38
662.24

0.06
0.1
7.39
3.68
0.82
75.93

0.42
2.48
99.05
35.94
2.58
710.9

0.05
0.13
12.17
5.02
0.48
116.06

0.12
0.02
0.16
0.19
0.03
0.73

thyroid and adrenal problem, and they do not take drugs
to treat their condition before, their weight and height are
measured. Their ages ranges 25-33 years. The study is
conducted in city of Mosul/Iraq, all the patients are
advised to take metformin drug 850 mg twice daily
during the meal for three months and to measure fasting
glucose, fasting insulin, FSH, LH, estradiol, total
testosterone, free testosterone, SHBG and Vaspin in the
second day of menstrual cycle before after three months
of metformin treatment. FSH, LH, SHBG, insulin,
estradiol and total testosterone are measured by cobas
e 411 system, glucose is determined by cobas e 311
system, vaspin and free testosterone are determined by
ELISA technique, serum Vaspin measurement is done
by Elisa kit: Human VASPIN (Visceral Adipose Specific
Serine Protease Inhibitor) ELISA Kit Catalog No:
MBS2506005 96T from Mybiosource/USA origin.
Homeostatic model assessment is used to measure
insulin resistance (HOMA-IR) is determined according to
the following formula: HOMA-IR=(Fasting Insulin
multiplied by Fasting glucose)divided by 22.5(Wallace et
al. 2004, Matthews et al. 1985). HOMA-IR is easily
obtainable, safe, low cost, less invasive test than oral
glucose tolerance test (Wongwananuruk et al. 2012).

RESULTS
It was found that there were no significant changes
in BMI, FSH, LH Testosterone, Estradiol, SHBG, Vaspin
after three months of metformin therapy 850 mg twice
daily; but there were significant decreases in free
testosterone p-value 0.02, HOMA-IR of P-value
0.03.This can be illustrated in Table 1, which show the
comparison of different parameters before and after
intake of metformin 850 mg twice daily for three months.

DISCUSSION
This study revealed that there were no significant
changes in BMI, total testosterone, while free
testosterone and HOMA-IR exhibited significant
decrease after treatment. Our study is in agreement
with(Sharma et al.2019, Shahebrahimi et al. 2016),who
show that metformin treatment for PCOS, had no
significant effect on BMI although of lowering insulin
level, as metformin can’t encourage sever weight loss,
but it favors redistributing of adiposity(Lashen 2010).

p-value

Concerning total testosterone, Our results agree with
(Singh et al. 2010, Baqer et al. 2018, Shahebrahimi et
al. 2016) studies, as they found a decline in serum
testosterone, but did not reach to significant value.
While(Santana et al. 2004) study suggested that
metformin improves insulin resistance and improve
hyperandrogenemia through action on IGF-1(Insulin
growth factor-1) and carrier protein, metformin also, can
decrease androgen synthesis by direct effect of
metformin on ovary(Kurzthaler et al. 2014), or by
increase insulin sensitivity and decrease insulin
level(Zahra et al. 2017) reversing insulin and LH
synergism effect on ovary (Lakkakula et al. 2013,
Baptiste et al. 2010), which explain the significant
decrease in free testosterone in our study.
There was no significant change before and after
metformin therapy in SHBG p-value 0.19, our result is in
agree with (Eisenhardt et al. 2006, Harbone et al. 2003)
while (Nestler and Jakubowicz 1997, Tang et al. 2012)
showed an improvement in SHBG. Also,our study show
that FSH,LH, Estradiol, values (p-values 0.89, 0.15, 0.16
respectively). A new meta-analysis study performed in
2017 (Patel and Shah 2017) included 532 women of 14
randomized studies, showed significant alteration in
insulin ratio and testosterone, with no improvement in
fasting blood glucose, SHBG, FSH, LH and Estradiol
level, which is in agreement with our data. While,
administration of metformin for six to twelve months by
(Velija-Ašimi 2013) showed very high significant
reduction in prolactin, total testosterone, Estradiol and
(p-value 0.000), but no significant change in FSH level.
Also, (Jindal et al. 2016) found that six months treatment
decrease in BMI, LH at p-value 0.000 for both of them,
while FSH remained unchanged. It is revealed that,
longer duration of metformin intake can influence
biochemical parameters more efficiently and balance an
irregular cycle. FSH in study of (Deo Leo et al. 2006) do
not increase after treatment, which also agree with our
result.
This study show no significant differences in Vaspin
level before and after intake of metformin 850 mg twice
daily, which agrees with (Koiou et al.2011) study.
However,(Koiou et al.2011) did not show significant
differences in HOMA-IR after metformin intake in his
patients, while, our study showed a significant decrease
in HOMA-IR after metformin intake, indicating presence
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of other factors other than insulin resistance may
influence Vaspin concentration. This is obvious in study
of (Kloting et al. 2010) who compared BMI,age, and
gender matched insulin resistance and insulin sensitive
healthy obese subjects, the Vaspin levels were
indistinguishable between these two groups. Also, study
of (Youn et al. 2008) failed to find any correlation
between Vaspin, BMI, and insulin sensitivity in diabetic
patients. Concerning PCOS, Vaspin is considered an
important point of interaction between androgen,
abdominal obesity and insulin resistance(EscobarMorreale and San Millán 2007), but insulin resistance
alone, cannot be considered the only marker or
mechanism to change serum Vaspin, especially that
circulating Vaspin levels were similar in women
presenting with normal or abnormal glucose tolerance,
irrespective of PCOS or obesity(Escobar-Morreale et al.
2009) and several studies failed to identify an
association between Vaspin with insulin(von Loeffelholz
et al. 2010, Cinar et al. 2011).
Increment of Vaspin can be found in females, not
only in PCOS patients (Tan et al.2008), but also in girls
after puberty (Körner et al. 2005) and after intake of oral
contraceptive bills (von Loeffelholz et al.2010),giving
rise to suggest that estrogen level may be an important
factor in Vaspin concentration.. Recent in vitro animal
study (Kurowska et al. 2019) found that gonadotrophins,
insulin, estradiol and testosterone all can influence
vaspin expression. Study of (Tan et al. 2008) suggested
that the decreased Vaspin after metformin intake is due
to effect of metformin treatment in decreasing gonadal
steroid levels and estrogen. While (Akbarzadeh et al.
2012) suggested that changes of adipokines and Vaspin
are due to consequences of fat accumulation. The
suggestions of (Tan et al. 2008, Akbarzadeh et al. 2012)
can be a good contributions to our result, especially that
patients in our study showed no significant changes in
BMI and estrogen level before and after metformin
therapy.
According to study of (Klöting et al. 2006), Vaspin
expression is a compensatory mechanism to obesity
and Vaspin is correlated with BMI, as the increased fat
mass decreases insulin sensitivity and induces Vaspin
levels. The relationship between obesity and Vaspin is
obvious, because Vaspin is secreted from visceral and
subcutaneous adipose tissue of obese patients,
although of that Vaspin can be expressed in non-fat cells
(Fain et al. 2008), and ovary (Kurowska et al. 2019).
Moreover, the relationship between Vaspin and BMI is
strengthened when undetectable Vaspin levels has
been shown in lean subjects and increased Vaspin level
in overweight or obese individuals(Youn et al. 2008),
and most of obese subjects showed significant decrease
in Vaspin levels after bariatric surgery(Handisurya et
al.2010)or after weight reduction program(Chang et al.
2010). On the other hand, Physical activity and changes
of life style may be considered an another influencing
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factor on Vaspin concentration, that long term physical
training can decrease Vaspin concentration(Oberbach
et al 2010), although of that ten months of life style
changes failed to affect Vaspin concentration in
metabolic syndrome patients (Kim et al. 2011).).
Duration of metformin treatment is another factors
that may affect Vaspin level, as the administration of
metformin for six months in studies of (Kadoglou et al.
2011, Tan et al. 2008) showed significant decrease in
Vaspin concentration. The study of (Kadoglou et al.
2011) involved Type 2 Diabetic patients who exhibited
significant changes in BMI after six months treatment,
the decrease of BMI in (Kadoglou et al. 2011) explains
the differences in results of Vaspin changes between our
study and his study. While, study of (Tan et al. 2008)
involved regular menstrual cycle PCOS women, they
exhibited significant decrease in glucose, estradiol,
HOMA-IR and total testosterone after treatment. While
in our study, the PCOS women were of sever PCOS with
amenorrheic symptoms, Which explains the insignificant
decrease of Vaspin in our study. In addition to that, other
factors may influences Vaspin levels, these includes:
nutritional status, age, gender, insulin sensitizer and
changes of pituitary functions(González et al. 2009).
Another explanation of our result is that most of our
patients started to take drug from summer and after they
complete their course of metformin, the second time of
sampling occurred during days of colder weather than
from months of the first sampling. It was found that
Vaspin is up regulated in brown adipose tissue, after
cold exposure (Rosell et al. 2014),as cold exposure and
high fat diet cause up regulation of Vaspin expression
(García-Ruiz et al. 2015). In other word, The people who
come at summer months : June, July, August, retuned
back after three months : September, October and
November, while those people come in September,
October and November, return back in December,
January,February months. In Iraq it is well known that,
in the year of the study (2019), climate temperatures
were very low reaching -6 degree Celsius or less in
some days of January and February, while temperatures
in summer were 35-40 degree Celsius or more in some
days. The effect of climate temperature is very important
factor that can affect on Vaspin levels, moreover, people
at winter tend to consume high fat diet which may also
tend to upregulate Vaspin expression, as free fatty acids
activate target gene expression (Schoonjans et al.1996)
also, Vaspin expression is increased upon feeding
(González et al. 2009). The high differences in climate
temperatures between date of two blood sampling may
explain the insignificant decrease of serum Vaspin
compared with (Tan et al. 2008)

CONCLUSION
Administration of metformin to treat PCOS patients
for three months can influence decrease in free
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testosterone and insulin resistance but has no significant
effect on Vaspin level and BMI, Which suggest that other
factors can influence Vaspin level a part from insulin
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resistance. Longer period of metformin treatment for six
months and more may influence reduction in BMI, LH,
and estradiol.

REFERENCES
Akbarzadeh, S., Nabipour, I., Jafari, S. M., Movahed, A., Motamed, N., Assadi, M., & Hajian, N. (2012). Serum
visfatin and vaspin levels in normoglycemic first-degree relatives of Iranian patients with type 2 diabetes mellitus.
Diabetes research and clinical practice, 95(1), 132–138. https://doi.org/10.1016/j.diabres.2011.10.004
Baptiste, C. G., Battista, M. C., Trottier, A., & Baillargeon, J. P. (2010). Insulin and hyperandrogenism in women with
polycystic ovary syndrome. The Journal of steroid biochemistry and molecular biology, 122(1-3), 42–52.
https://doi.org/10.1016/j.jsbmb.2009.12.010
Baqer, L., Ahmeid, M., & Al-Obaidi, A. (2018). Evaluation the effect of metformin on hormones serum levels in
women with polycystic ovary syndrome. Tikrit Journal of Pure Science, 22(9), 1-5. Retrieved from
http://tjps.tu.edu.iq/index.php/j/article/view/668
Bloomgarden, Z. T (2010).World Congress on the Insulin Resistance Syndrome, 2009: Insulin resistance
mechanisms, the brain, and insulin resistance in youth and in the polycystic ovary syndrome. Diabetes Care,
33(10), e124-e130.https://doi.org/10.2337/dc10-zb10
Brunetti, L., Di Nisio, C., Recinella, L., Chiavaroli, A., Leone, S., Ferrante, C., Orlando, G., & Vacca, M. (2011).
Effects of vaspin, chemerin and omentin-1 on feeding behavior and hypothalamic peptide gene expression in the
rat. Peptides, 32(9), 1866–1871. https://doi.org/10.1016/j.peptides.2011.08.003
Caldwell, A., Edwards, M. C., Desai, R., Jimenez, M., Gilchrist, R. B., Handelsman, D. J., & Walters, K. A. (2017).
Neuroendocrine androgen action is a key extraovarian mediator in the development of polycystic ovary
syndrome. Proceedings of the National Academy of Sciences of the United States of America, 114(16), E3334–
E3343. https://doi.org/10.1073/pnas.1616467114
Chang, H. M., Lee, H. J., Park, H. S., Kang, J. H., Kim, K. S., Song, Y. S., & Jang, Y. J. (2010). Effects of weight
reduction on serum vaspin concentrations in obese subjects: modification by insulin resistance. Obesity (Silver
Spring, Md.), 18(11), 2105–2110. https://doi.org/10.1038/oby.2010.60
Cinar, N., Gülçelik, N. E., Aydín, K., Akín, S., Usman, A., & Gürlek, A. (2011). Serum vaspin levels in hypothyroid
patients. European journal of endocrinology, 165(4), 563–569. https://doi.org/10.1530/EJE-11-0180
Conway, G., Dewailly, D., Diamanti-Kandarakis, E., Escobar-Morreale, H. F., Franks, S., Gambineri, A., Kelestimur,
F., Macut, D., Micic, D., Pasquali, R., Pfeifer, M., Pignatelli, D., Pugeat, M., Yildiz, B. O., & ESE PCOS Special
Interest Group (2014). The polycystic ovary syndrome: a position statement from the European Society of
Endocrinology. European journal of endocrinology, 171(4), P1–P29. https://doi.org/10.1530/EJE-14-0253
De Leo, V., Musacchio, M. C., Morgante, G., Piomboni, P., & Petraglia, F. (2006). Metformin treatment is effective
in obese teenage girls with PCOS. Human reproduction (Oxford, England), 21(9), 2252–2256.
https://doi.org/10.1093/humrep/del185
Diamanti-Kandarakis, E., Christakou, C. D., Kandaraki, E., & Economou, F. N. (2010). Metformin: an old medication
of new fashion: evolving new molecular mechanisms and clinical implications in polycystic ovary syndrome.
European journal of endocrinology, 162(2), 193–212. https://doi.org/10.1530/EJE-09-0733
Dumesic, D. A., Akopians, A. L., Madrigal, V. K., Ramirez, E., Margolis, D. J., Sarma, M. K., Thomas, A. M., Grogan,
T. R., Haykal, R., Schooler, T. A., Okeya, B. L., Abbott, D. H., & Chazenbalk, G. D. (2016). Hyperandrogenism
Accompanies Increased Intra-Abdominal Fat Storage in Normal Weight Polycystic Ovary Syndrome Women.
The Journal of clinical endocrinology and metabolism, 101(11), 4178–4188. https://doi.org/10.1210/jc.2016-2586
Dunaif A. (1997). Insulin resistance and the polycystic ovary syndrome: mechanism and implications for
pathogenesis. Endocrine reviews, 18(6), 774–800. https://doi.org/10.1210/edrv.18.6.0318
Eisenhardt, S., Schwarzmann, N., Henschel, V., Germeyer, A., von Wolff, M., Hamann, A., & Strowitzki, T. (2006).
Early effects of metformin in women with polycystic ovary syndrome: a prospective randomized, double-blind,
placebo-controlled trial. The Journal of clinical endocrinology and metabolism, 91(3), 946–952.
https://doi.org/10.1210/jc.2005-1994
Escobar-Morreale, H. F., & San Millán, J. L. (2007). Abdominal adiposity and the polycystic ovary syndrome. Trends
in endocrinology and metabolism: TEM, 18(7), 266–272. https://doi.org/10.1016/j.tem.2007.07.003

4497

EurAsian Journal of BioSciences 14: 4493-4501 (2020)

Ibarhim and Ahmeid

Escobar-Morreale, H. F., Luque-Ramírez, M., & San-Millán, J. L. (2009). Serum visceral adipose tissue-derived
serine protease inhibitor concentrations in human obesity and polycystic ovary syndrome. Diabetes care, 32(1),
e6. https://doi.org/10.2337/dc08-1690
Fain, J. N., Buehrer, B., Bahouth, S. W., Tichansky, D. S., & Madan, A. K. (2008). Comparison of messenger RNA
distribution for 60 proteins in fat cells vs the nonfat cells of human omental adipose tissue. Metabolism: clinical
and experimental, 57(7), 1005–1015. https://doi.org/10.1016/j.metabol.2008.02.019
García-Ruiz, E., Reynés, B., Díaz-Rúa, R., Ceresi, E., Oliver, P., & Palou, A. (2015). The intake of high-fat diets
induces the acquisition of brown adipocyte gene expression features in white adipose tissue. International journal
of obesity (2005), 39(11), 1619–1629. https://doi.org/10.1038/ijo.2015.112
González, C. R., Caminos, J. E., Vázquez, M. J., Garcés, M. F., Cepeda, L. A., Angel, A., González, A. C., GarcíaRendueles, M. E., Sangiao-Alvarellos, S., López, M., Bravo, S. B., Nogueiras, R., & Diéguez, C. (2009).
Regulation of visceral adipose tissue-derived serine protease inhibitor by nutritional status, metformin, gender
and pituitary factors in rat white adipose tissue. The Journal of physiology, 587(Pt 14), 3741–3750.
https://doi.org/10.1113/jphysiol.2009.172510
Handisurya, A., Riedl, M., Vila, G., Maier, C., Clodi, M., Prikoszovich, T., Ludvik, B., Prager, G., Luger, A., & KautzkyWiller, A. (2010). Serum vaspin concentrations inrelation to insulin sensitivity following RYGB-induced weight
loss. Obesity surgery, 20(2), 198–203. https://doi.org/10.1007/s11695-009-9882-y
Harborne, L., Fleming, R., Lyall, H., Sattar, N., & Norman, J. (2003). Metformin or antiandrogen in the treatment of
hirsutism in polycystic ovary syndrome. The Journal of clinical endocrinology and metabolism, 88(9), 4116–4123.
https://doi.org/10.1210/jc.2003-030424
Hida, K., Wada, J., Eguchi, J., Zhang, H., Baba, M., Seida, A., Hashimoto, I., Okada, T., Yasuhara, A., Nakatsuka,
A., Shikata, K., Hourai, S., Futami, J., Watanabe, E., Matsuki, Y., Hiramatsu, R., Akagi, S., Makino, H., & Kanwar,
Y. S. (2005). Visceral adipose tissue-derived serine protease inhibitor: a unique insulin-sensitizing adipocytokine
in obesity. Proceedings of the National Academy of Sciences of the United States of America, 102(30), 10610–
10615. https://doi.org/10.1073/pnas.0504703102
Hida, K., Wada, J., Zhang, H., Hiragushi, K., Tsuchiyama, Y., Shikata, K., & Makino, H. (2000). Identification of
genes specifically expressed in the accumulated visceral adipose tissue of OLETF rats. Journal of lipid research,
41(10), 1615–1622.
Jindal, p., Mehandiratta, R., Sharma, A., Takkar, V., Preeti Takkar Kapila, P. T (2016) Effect of Metformin on FSH,
LH and Prolactin Levels in Patients with Polycystic Ovarian Syndrome. International Journal of Medical Research
Professionals, 2(5), 176-79. DOI: 10.21276/ijmrp.2016.2.5.037
Kadoglou, N. P., Kapelouzou, A., Tsanikidis, H., Vitta, I., Liapis, C. D., & Sailer, N. (2011). Effects of
rosiglitazone/metformin fixed-dose combination therapy and metformin monotherapy on serum vaspin,
adiponectin and IL-6 levels in drug-naïve patients with type 2 diabetes. Experimental and clinical endocrinology
& diabetes : official journal, German Society of Endocrinology [and] German Diabetes Association, 119(2), 63–
68. https://doi.org/10.1055/s-0030-1265174
Kauffman, A. S., Thackray, V. G., Ryan, G. E., Tolson, K. P., Glidewell-Kenney, C. A., Semaan, S. J., Poling, M. C.,
Iwata, N., Breen, K. M., Duleba, A. J., Stener-Victorin, E., Shimasaki, S., Webster, N. J., & Mellon, P. L. (2015).
A Novel Letrozole Model Recapitulates Both the Reproductive and Metabolic Phenotypes of Polycystic Ovary
Syndrome in Female Mice. Biology of reproduction, 93(3), 69. https://doi.org/10.1095/biolreprod.115.131631
Kershaw, E. E., & Flier, J. S. (2004). Adipose tissue as an endocrine organ. The Journal of clinical endocrinology
and metabolism, 89(6), 2548–2556. https://doi.org/10.1210/jc.2004-0395
Khodaie, M., Ghasemi, N., Ramezani, M. (2019). Green synthesis of silver nanoparticles using (Eryngium
Campestre)
leaf
extract.
Eurasian
Chemical
Communications,
1(5),
441-450.
http://www.echemcom.com/article_92317.html
Kim, E. K., Lee, S. H., Jhun, J. Y., Byun, J. K., Jeong, J. H., Lee, S. Y., Kim, J. K., Choi, J. Y., & Cho, M. L. (2016).
Metformin Prevents Fatty Liver and Improves Balance of White/Brown Adipose in an Obesity Mouse Model by
Inducing FGF21. Mediators of inflammation, 2016, 5813030. https://doi.org/10.1155/2016/5813030
Kim, E. K., Lee, S. H., Lee, S. Y., Kim, J. K., Jhun, J. Y., Na, H. S., Kim, S. Y., Choi, J. Y., Yang, C. W., Park, S. H.,
& Cho, M. L. (2018). Metformin ameliorates experimental-obesity-associated autoimmune arthritis by inducing
FGF21 expression and brown adipocyte differentiation. Experimental & molecular medicine, 50(1), e432.
https://doi.org/10.1038/emm.2017.245
Kim, S. M., Cho, G. J., Yannakoulia, M., Hwang, T. G., Kim, I. H., Park, E. K., & Mantzoros, C. S. (2011). Lifestyle
modification increases circulating adiponectin concentrations but does not change vaspin concentrations.
Metabolism: clinical and experimental, 60(9), 1294–1299. https://doi.org/10.1016/j.metabol.2011.01.013
4498

EurAsian Journal of BioSciences 14: 4493-4501 (2020)

Ibarhim and Ahmeid

Klöting, N., Berndt, J., Kralisch, S., Kovacs, P., Fasshauer, M., Schön, M. R., Stumvoll, M., & Blüher, M. (2006).
Vaspin gene expression in human adipose tissue: association with obesity and type 2 diabetes. Biochemical and
biophysical research communications, 339(1), 430–436. https://doi.org/10.1016/j.bbrc.2005.11.039
Klöting, N., Fasshauer, M., Dietrich, A., Kovacs, P., Schön, M. R., Kern, M., Stumvoll, M., & Blüher, M. (2010).
Insulin-sensitive obesity. American journal of physiology. Endocrinology and metabolism, 299(3), E506–E515.
https://doi.org/10.1152/ajpendo.00586.2009
Koiou, E., Tziomalos, K., Dinas, K., Katsikis, I., Kalaitzakis, E., Delkos, D., Kandaraki, E. A., & Panidis, D. (2011).
The effect of weight loss and treatment with metformin on serum vaspin levels in women with polycystic ovary
syndrome. Endocrine journal, 58(4), 237–246. https://doi.org/10.1507/endocrj.k10e-330
Körner, A., Neef, M., Friebe, D., Erbs, S., Kratzsch, J., Dittrich, K., Blüher, S., Kapellen, T. M., Kovacs, P., Stumvoll,
M., Blüher, M., & Kiess, W. (2011). Vaspin is related to gender, puberty and deteriorating insulin sensitivity in
children. International journal of obesity (2005), 35(4), 578–586. https://doi.org/10.1038/ijo.2010.196.
Kumar, P., & Sait, S. F. (2011). Luteinizing hormone and its dilemma in ovulation induction. Journal of human
reproductive sciences, 4(1), 2–7. https://doi.org/10.4103/0974-1208.82351
Kurowska, P., Mlyczyńska, E., Barbe, A., Staub, C., Gregoraszczuk, E., Dupont, J., & Rak, A. (2019). Vaspin in the
pig ovarian follicles: expression and regulation by different hormones. Reproduction (Cambridge, England),
158(2), 135–146. https://doi.org/10.1530/REP-19-0034
Kurowska, P., Mlyczyńska, E., Dawid, M., Dupont, J., & Rak, A. (2020). Role of vaspin in porcine ovary: effect on
signaling pathways and steroid synthesis via GRP78 receptor and protein kinase A†. Biology of reproduction,
102(6), 1290–1305. https://doi.org/10.1093/biolre/ioaa027
Kurzthaler, D., Hadziomerovic-Pekic, D., Wildt, L., & Seeber, B. E. (2014). Metformin induces a prompt decrease in
LH-stimulated testosterone response in women with PCOS independent of its insulin-sensitizing effects.
Reproductive biology and endocrinology : RB&E, 12, 98. https://doi.org/10.1186/1477-7827-12-98
Lakkakula, B. V., Thangavelu, M., & Godla, U. R. (2013). Genetic variants associated with insulin signaling and
glucose homeostasis in the pathogenesis of insulin resistance in polycystic ovary syndrome: a systematic review.
Journal of assisted reproduction and genetics, 30(7), 883–895. https://doi.org/10.1007/s10815-013-0030-1
Lashen H. (2010). Role of metformin in the management of polycystic ovary syndrome. Therapeutic advances in
endocrinology and metabolism, 1(3), 117–128. https://doi.org/10.1177/2042018810380215
Legro, R. S., Gnatuk, C. L., Kunselman, A. R., & Dunaif, A. (2005). Changes in glucose tolerance over time in women
with polycystic ovary syndrome: a controlled study. The Journal of clinical endocrinology and metabolism, 90(6),
3236–3242. https://doi.org/10.1210/jc.2004-1843
Lehr, S., Hartwig, S., Lamers, D., Famulla, S., Müller, S., Hanisch, F. G., Cuvelier, C., Ruige, J., Eckardt, K., Ouwens,
D. M., Sell, H., & Eckel, J. (2012). Identification and validation of novel adipokines released from primary human
adipocytes.
Molecular
&
cellular
proteomics
:
MCP,
11(1),
M111.010504.
https://doi.org/10.1074/mcp.M111.010504
Li, Q., Chen, R., Moriya, J., Yamakawa, J., Sumino, H., Kanda, T., & Takahashi, T. (2008). A novel adipocytokine,
visceral adipose tissue-derived serine protease inhibitor (vaspin), and obesity. The Journal of international
medical research, 36(4), 625–629. https://doi.org/10.1177/147323000803600402
Liu, P., Li, G., Wu, J., Zhou, X., Wang, L., Han, W., Lv, Y., & Sun, C. (2015). Vaspin promotes 3T3-L1 preadipocyte
differentiation.
Experimental
biology
and medicine
(Maywood,
N.J.), 240(11),
1520–1527.
https://doi.org/10.1177/1535370214565081
Liu, S., Li, X., Wu, Y., Duan, R., Zhang, J., Du, F., Zhang, Q., Li, Y., & Li, N. (2017). Effects of vaspin on pancreatic
β cell secretion via PI3K/Akt and NF-κB signaling pathways. PloS one, 12(12), e0189722.
https://doi.org/10.1371/journal.pone.0189722
Maqbool, M., Dar, M. A., Gani, I.,& Geer, M. I (2019)Insulin Resistance and Polycystic ovary Syndrome: A Review.
Journal of Drug Delivery and Therapeutics,9(1-s), 433-436. http://dx.doi.org/10.22270/jddt.v9i1-s.2275
Matthews, D. R., Hosker, J. P., Rudenski, A. S., Naylor, B. A., Treacher, D. F., & Turner, R. C. (1985). Homeostasis
model assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia, 28(7), 412–419. https://doi.org/10.1007/BF00280883
Mirzaie, A. (2018). A density functional theory study on the effect of size on the ionization potential of different carbon
fullerenes.
Journal
of
Medicinal
and
Chemical
Sciences,
1(2),
31-32.
http://www.jmchemsci.com/article_65057.html

4499

EurAsian Journal of BioSciences 14: 4493-4501 (2020)

Ibarhim and Ahmeid

Nelson, V. L., Legro, R. S., Strauss, J. F., 3rd, & McAllister, J. M. (1999). Augmented androgen production is a
stable steroidogenic phenotype of propagated theca cells from polycystic ovaries. Molecular endocrinology
(Baltimore, Md.), 13(6), 946–957. https://doi.org/10.1210/mend.13.6.0311
Nestler, J. E., & Jakubowicz, D. J. (1997). Lean women with polycystic ovary syndrome respond to insulin reduction
with decreases in ovarian P450c17 alpha activity and serum androgens. The Journal of clinical endocrinology
and metabolism, 82(12), 4075–4079. https://doi.org/10.1210/jcem.82.12.4431
Nicholson, T., Church, C., Tsintzas, K., Jones, R., Breen, L., Davis, E. T., Baker, D. J., & Jones, S. W. (2019). Vaspin
promotes insulin sensitivity of elderly muscle and is upregulated in obesity. The Journal of endocrinology, JOE18-0528.R3. Advance online publication. https://doi.org/10.1530/JOE-18-0528
Oberbach, A., Kirsch, K., Lehmann, S., Schlichting, N., Fasshauer, M., Zarse, K., Stumvoll, M., Ristow, M., Blüher,
M., & Kovacs, P. (2010). Serum vaspin concentrations are decreased after exercise-induced oxidative stress.
Obesity facts, 3(5), 328–331. https://doi.org/10.1159/000321637
Okoroh, E. M., Hooper, W. C., Atrash, H. K., Yusuf, H. R., & Boulet, S. L. (2012). Prevalence of polycystic ovary
syndrome among the privately insured, United States, 2003-2008. American journal of obstetrics and
gynecology, 207(4), 299.e1–299.e2997. https://doi.org/10.1016/j.ajog.2012.07.023
O'Reilly, M. W., House, P. J., & Tomlinson, J. W. (2014). Understanding androgen action in adipose tissue. The
Journal
of
steroid
biochemistry
and
molecular
biology,
143,
277–284.
https://doi.org/10.1016/j.jsbmb.2014.04.008
Oride, A., Kanasaki, H., Purwana, I. N., & Miyazaki, K. (2010). Effects of metformin administration on plasma
gonadotropin levels in women with infertility, with an in vitro study of the direct effects on the pituitary
gonadotrophs. Pituitary, 13(3), 236–241. https://doi.org/10.1007/s11102-010-0223-x
Patel, R., & Shah, G. (2017). Effect of metformin on clinical, metabolic and endocrine outcomes in women with
polycystic ovary syndrome: a meta-analysis of randomized controlled trials. Current medical research and
opinion, 33(9), 1545–1557. https://doi.org/10.1080/03007995.2017.1279597
Rackow, B. W., Vanden Brink, H., Hammers, L., Flannery, C. A., Lujan, M. E., & Burgert, T. S. (2018). Ovarian
Morphology by Transabdominal Ultrasound Correlates With Reproductive and Metabolic Disturbance in
Adolescents With PCOS. The Journal of adolescent health : official publication of the Society for Adolescent
Medicine, 62(3), 288–293. https://doi.org/10.1016/j.jadohealth.2017.09.005
Rosell, M., Kaforou, M., Frontini, A., Okolo, A., Chan, Y. W., Nikolopoulou, E., Millership, S., Fenech, M. E.,
MacIntyre, D., Turner, J. O., Moore, J. D., Blackburn, E., Gullick, W. J., Cinti, S., Montana, G., Parker, M. G., &
Christian, M. (2014). Brown and white adipose tissues: intrinsic differences in gene expression and response to
cold exposure in mice. American journal of physiology. Endocrinology and metabolism, 306(8), E945–E964.
https://doi.org/10.1152/ajpendo.00473.2013
Saidi, W., Abram, T., Bejjit, L., Bouachrine, M. (2018). New Organic Compounds Based on Biphenyl for Photovoltaic
Devices:
DFT
Theoretical
Investigation.
Chemical
Methodologies,
2(3),
247-259.
http://www.chemmethod.com/article_63678.html
Santana, L. F., de Sá, M. F., Ferriani, R. A., de Moura, M. D., Foss, M. C., & dos Reis, R. M. (2004). Effect of
metformin on the clinical and metabolic assessment of women with polycystic ovary syndrome. Gynecological
endocrinology : the official journal of the International Society of Gynecological Endocrinology, 19(2), 88–96.
https://doi.org/10.1080/09513590400002342
Schoonjans, K., Staels, B., & Auwerx, J. (1996). Role of the peroxisome proliferator-activated receptor (PPAR) in
mediating the effects of fibrates and fatty acids on gene expression. Journal of lipid research, 37(5), 907–925.
Shahebrahimi, K., Jalilian, N., Bazgir, N., & Rezaei, M. (2016). Comparison clinical and metabolic effects of
metformin and pioglitazone in polycystic ovary syndrome. Indian journal of endocrinology and metabolism, 20(6),
805–809. https://doi.org/10.4103/2230-8210.192925
Sharma, N., Siriesha, Lugani, Y., Kaur, A., & Ahuja, V. K. (2019). Effect of metformin on insulin levels, blood sugar,
and body mass index in polycystic ovarian syndrome cases. Journal of family medicine and primary care, 8(8),
2691–2695. https://doi.org/10.4103/jfmpc.jfmpc_490_19
Silverman, G. A., Bird, P. I., Carrell, R. W., Church, F. C., Coughlin, P. B., Gettins, P. G., Irving, J. A., Lomas, D. A.,
Luke, C. J., Moyer, R. W., Pemberton, P. A., Remold-O'Donnell, E., Salvesen, G. S., Travis, J., & Whisstock, J.
C. (2001). The serpins are an expanding superfamily of structurally similar but functionally diverse proteins.
Evolution, mechanism of inhibition, novel functions, and a revised nomenclature. The Journal of biological
chemistry, 276(36), 33293–33296. https://doi.org/10.1074/jbc.R100016200

4500

EurAsian Journal of BioSciences 14: 4493-4501 (2020)

Ibarhim and Ahmeid

Singh, B., Panda, S., Nanda, R., Pati, S., Mangaraj, M., Sahu, P. K., & Mohapatra, P. C. (2010). Effect of Metformin
on Hormonal and Biochemical Profile in PCOS Before and After Therapy. Indian journal of clinical biochemistry
: IJCB, 25(4), 367–370. https://doi.org/10.1007/s12291-010-0090-2
Sun, N., Wang, H., & Wang, L. (2015). Vaspin alleviates dysfunction of endothelial progenitor cells induced by high
glucose via PI3K/Akt/eNOS pathway. International journal of clinical and experimental pathology, 8(1), 482–489.
Tan, B. K., Heutling, D., Chen, J., Farhatullah, S., Adya, R., Keay, S. D., Kennedy, C. R., Lehnert, H., & Randeva,
H. S. (2008). Metformin decreases the adipokine vaspin in overweight women with polycystic ovary syndrome
concomitant with improvement in insulin sensitivity and a decrease in insulin resistance. Diabetes, 57(6), 1501–
1507. https://doi.org/10.2337/db08-0127
Tang, T., Lord, J. M., Norman, R. J., Yasmin, E., & Balen, A. H. (2012). Insulin-sensitising drugs (metformin,
rosiglitazone, pioglitazone, D-chiro-inositol) for women with polycystic ovary syndrome, oligo amenorrhoea and
subfertility.
The
Cochrane
database
of
systematic
reviews,
(5),
CD003053.
https://doi.org/10.1002/14651858.CD003053.pub5
Velija-Ašimi Z. (2013). Evaluation of endocrine changes in women with the polycystic ovary syndrome during
metformin
treatment.
Bosnian
journal
of
basic
medical
sciences,
13(3),
180–185.
https://doi.org/10.17305/bjbms.2013.2359
von Loeffelholz, C., Möhlig, M., Arafat, A. M., Isken, F., Spranger, J., Mai, K., Randeva, H. S., Pfeiffer, A. F., &
Weickert, M. O. (2010). Circulating vaspin is unrelated to insulin sensitivity in a cohort of nondiabetic humans.
European journal of endocrinology, 162(3), 507–513. https://doi.org/10.1530/EJE-09-0737
Wallace, T. M., Levy, J. C., & Matthews, D. R. (2004). Use and abuse of HOMA modeling. Diabetes care, 27(6),
1487–1495. https://doi.org/10.2337/diacare.27.6.1487
Wongwananuruk, T., Rattanachaiyanont, M., Leerasiri, P., Indhavivadhana, S., Techatraisak, K., Angsuwathana, S.,
Tanmahasamut, P., & Dangrat, C. (2012). The Usefulness of Homeostatic Measurement Assessment-Insulin
Resistance (HOMA-IR) for Detection of Glucose Intolerance in Thai Women of Reproductive Age with Polycystic
Ovary Syndrome. International journal of endocrinology, 2012, 571035. https://doi.org/10.1155/2012/571035
Xu, X., De Pergola, G., & Björntorp, P. (1990). The effects of androgens on the regulation of lipolysis in adipose
precursor cells. Endocrinology, 126(2), 1229–1234. https://doi.org/10.1210/endo-126-2-1229
Youn, B. S., Klöting, N., Kratzsch, J., Lee, N., Park, J. W., Song, E. S., Ruschke, K., Oberbach, A., Fasshauer, M.,
Stumvoll, M., & Blüher, M. (2008). Serum vaspin concentrations in human obesity and type 2 diabetes. Diabetes,
57(2), 372–377. https://doi.org/10.2337/db07-1045
Zahra, M., Shah, M., Ali, A., & Rahim, R. (2017). Effects of Metformin on Endocrine and Metabolic Parameters in
Patients with Polycystic Ovary Syndrome. Hormone and metabolic research = Hormon- und
Stoffwechselforschung = Hormones et metabolisme, 49(2), 103–108. https://doi.org/10.1055/s-0042-119041
Zhuang, X. F., Zhao, M. M., Weng, C. L., & Sun, N. L. (2009). Adipocytokines: a bridge connecting obesity and
insulin resistance. Medical hypotheses, 73(6), 981–985. https://doi.org/10.1016/j.mehy.2009.05.036

www.ejobios.org

4501

