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Introduction

Obesity escalates at an alarming rate worldwide. In 
2014, World Health Organization1 reported that 
more than 600 million were obese (~13%) world-
wide. In Palestine, the prevalence has been shown 
to be approximately four times among women 
(49%) and two times among men (30%) higher 
than the global prevalence mentioned above.2

Obesity has been shown to be responsible for an 
estimated 216,000 deaths accounting for about 1 in 
10 deaths in US adults.3 This is because obesity is 
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raising the risk of chronic diseases such as cardio-
vascular diseases, type 2 diabetes, and some can-
cers.4 The etiology of obesity and its related chronic 
diseases is complex and includes genetics and 
environmental factors. However, accumulating 
evidence suggests that chronic low-grade inflam-
mation is implicated in the pathogenesis of obe-
sity-associated chronic diseases.5 A primary source 
of low-grade inflammation observed in obese 
patients is adipose tissue. Therefore, compounds 
that attenuate the inflammatory response associ-
ated with obesity may prove useful in the medical 
management of patients with type 2 diabetes and 
cardiovascular diseases.

Nowadays, phytochemicals are proved to be a 
potent diet with the potential to diminish inflam-
mation, among these is Curcuma longa.6 
Curcuminoids (mixture of curcumin, demethoxy-
curcumin, and bisdemethoxycurcumin) are consid-
ered as key active constituents of C. longa and are 
reported to be potent anti-inflammatory agents.6 
Very recently, in a clinical trial, curcuminoids have 
been shown to either decrease or to have no influ-
ence on leptin release, which is a pro-inflammatory 
factor released from adipose tissue.7,8 However, 
curcuminoids are present in the organic extract and 
the evidence of aqueous extract effect on inflam-
mation is scarce and the effect on leptin level has 
never been investigated. Therefore, in this study, 
we aim to investigate, for the first time, the influ-
ence of polar C. longa extract on the release of lep-
tin from human abdominal subcutaneous adipose 
tissue (SAT).

Materials and methods

Materials and reagents

Gentamicin, glucose, and bovine serum albumin 
(BSA) were purchased from Sigma (USA) and 

M199 media from Invitrogen (USA). All chemicals 
were purchased from Riedel-de Haen (Germany). 
Sterile mesh gauze was purchased from NISSAN 
Medical industries (Israel). Leptin ELISA kit was 
purchased from R&D systems (USA).

C. longa extraction

In total, 25 g of C. longa was weighed and exhaus-
tively extracted by adding 100 mL of n-hexane and 
150 mL of 50% ethanol in distilled water. The mix-
ture was placed in a shaker for 72 h at 25°C with 
continuous shaking at 200 r/min. Then, it was fil-
tered by Whitman’s No. 1 filter paper using suction 
flask and Buchner funnel. The resulting liquid fil-
trate was separated by a separatory funnel into two 
phases: the lower aqueous phase and the upper 
organic phase. Then, aqueous extract was placed in 
a rotary evaporator for 1 h at 40°C to evaporate any 
leftover organic solvents. To get rid of the remain-
ing water, aqueous extract was dried using freeze 
dryer.9 Finally, aqueous C. longa extract was dis-
solved in M199 media.

Abdominal SAT sample collection and culture

Human abdominal SAT explants were obtained 
from five patients, males and females, who under-
went surgery for reasons described in Table 1. 
Adipose tissue culture was performed as described 
previously10 with slight modifications. After the 
last washing step, tissue explants were incubated 
for 24 and 48 h with or without 0.1 and 1 mg/mL 
aqueous C. longa extract. Subsequently, the media 
was stored in a freezer at −20°C for ELISA test. 
The study was approved by the local medical ethi-
cal committee (IRB committee of An-Najah 
National University, Nablus, Palestine). All 
patients gave informed, signed consent to partici-
pate in the study.

Table 1. Criteria of the patients.

Patient Age Gender BMI Reasons for admission Past surgical history Chronic disease/medication

S1 46 Female 35 Appendectomy None None/none
S2 38 Female 41 Appendectomy Cesarean section None/none
S3 36 Male 28 Appendectomy None None/none
S4 57 Male 31 Hernia repair Left-side varicocelloctomy 

and hernia repair
Mild hypertension/none

S5 33 Male 32 Appendectomy None None/none

BMI: body mass index.
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Leptin quantification by ELISA

Secreted leptin was measured in culture media by 
DuoSet ELISA kit according to the manufacturer’s 
instructions (R&D Systems, USA).

Statistics

Statistical analysis was performed employing 
GraphPad Prism software. Comparison between 
two groups was performed by nonparametric 
Mann–Whitney test, while comparison between 
three groups was analyzed via one-way analysis of 
variance (ANOVA) followed by Dunn’s post hoc 
test. For correlation results, spearman correlation 
test was used. Results were considered to be statis-
tically significant at P < 0.05.

Results

Criteria of patients

The number of patients included in our study was five. 
They were both males (67%) and females (33%) with 
a body mass index (BMI) ranging from 28 to 41 
(mean = 33.4) kg/m2 who underwent surgical opera-
tions for few reasons such as appendectomy and her-
nia repair as mentioned in Table 1. The patients were 
free of medication for chronic diseases; however, prior 
to operation, they were given antibiotics. Most of the 
patients had no past surgical history except S2 and S4, 
who had cesarean section and left-side varicocelloc-
tomy and hernia repair surgeries. The average age of 
the patients was approximately 43 years old.

Aqueous C. longa extract effect on leptin 
secretion

Abdominal SAT explants were incubated in tripli-
cate for 24 and 48 h with or without aqueous C. 
longa extracts (0.1 and 1 mg/mL). Leptin quantity 
released into media was quantified employing 
ELISA technique. As shown in Figure 1(a), 0.1 and 
1 mg/mL of C. longa extracts significantly reduced 
the release of leptin from SAT by approximately 
50%. After 48 h, it appeared that 1 mg/mL C. longa 
extract treatment resulted in significant decrease of 
leptin release by approximately 30% (Figure 1(b)).

Effect of gender and BMI on basal leptin 
quantity released by SAT

As demonstrated in Figure 2(a), the correlation 
coefficient between leptin concentration and BMI 

was high (R = 0.6). To further understand this, we 
divided the patients into two groups according to 
their BMI, that is, patients with BMI < 35 and 
patients with BMI ≥ 35. It appeared that basal lep-
tin concentration released from SAT derived from 
patient with BMI < 35 was fivefold lower than lep-
tin released from SAT derived from patient with 
BMI ≥ 35 (Figure 2(b)). Furthermore, SAT explants 
derived from females released more leptin than 
SAT explants derived from males (Figure 2(c)). 
Both BMI and gender significantly (P < 0.05) influ-
enced leptin quantity released from SAT. However, 
due to the level of high multicollinearity, multivar-
iable analysis was not feasible.

Effect of gender and BMI on leptin response to 
the treatment

As demonstrated by Figure 3(a), the correlation 
coefficient between leptin response and BMI was 
0.4. To further understand this, we divided patients 
into two groups according to their BMI, that is, 
patients with BMI < 35 and patients with BMI ≥ 35. 
It appeared that leptin response in SAT derived 
from patients with BMI < 35 was decreased two-
fold, while leptin response in SAT derived from 
patient with BMI ≥ 35 was not influenced (Figure 
3(b)). SAT explants derived from males responded 
significantly to polar C. longa extract treatment, 
while SAT explants derived from females did not 
respond (Figure 3(c)). BMI and gender signifi-
cantly (P < 0.05) influenced leptin response to C. 

Figure 1. Aqueous Curcuma longa extract inhibits leptin 
secretion. SAT explants of each patient were incubated with 
or without 0.1 and 1 mg/mL of aqueous extract for (a) 24 
and (b) 48 h. Secreted quantities of leptin in the media were 
determined by ELISA. Results were depicted as relative 
quantities (RQ) compared to the control (without extract; C). 
*P < 0.05 versus control. Error bars, SEM.
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longa extract treatment. However, due to the level 
of high multicollinearity, multivariable analysis 
was not feasible.

Discussion

Adipose tissue is a primary source of obesity-
induced pro-inflammatory factors, including leptin 
hormone. Leptin is highly investigated due to its 
circulating level that is proportional to fat mass and 
reflects inflammation grade.11 Therefore, we inves-
tigated the effect of polar C. longa extract on 
human adipose tissue and it appeared to downregu-
late leptin release. These results are comparable to 
curcuminoid observed anti-inflammatory proper-
ties, including the inhibition of leptin.6 However, 
our results demonstrate the effect of the polar solu-
ble extract of C. longa rather than curcuminoids, 

which has never been demonstrated earlier in 
human or animal studies. Only very few studies 
focused on the role of the aqueous extract, and very 
recently, a polysaccharide fraction of the polar 
extract has been shown to inhibit inflammation.12 
Furthermore, C. longa extract has been shown to 
induce lipolysis and consequently to reduce leptin 
release in vitro and in vivo.13 As leptin level is a 
predictor of the total mass of fat in the body, we 
could assume that our polar extract inhibits lipid 
accumulation and therefore leptin release. This, on 
long term, will reduce leptin resistance and related 
chronic diseases. This is strengthened by a recent 
study, where polar extract has been shown to have 
anti-diabetic properties.14

In an earlier study, it was shown that leptin 
quantity released from adipose tissue derived from 
females was approximately twofold higher than 

Figure 2. BMI and gender effect on basal leptin secretion. (a) Correlation between BMI and leptin released quantity was 
determined employing Spearman correlation test (R = 0.6). (b) BMI effect by dividing patients into two groups according to their 
BMI. (c) Gender effect. SAT explants of each patient were incubated for 48 h without treatment. Secreted basal quantities of leptin 
in the media were determined by ELISA. *P < 0.05 versus BMI ≥ 35 or females. Error bars, SEM.
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from males.15 This is in agreement with our find-
ings. Interestingly, the females in our study were 
morbidly obese, while males were not. Therefore, 
this could be due to BMI difference. In addition, 
tissues obtained from females did not respond to 
the treatment, while tissues obtained from males 
did, again this could be due to BMI difference. 
However, due to high level of multicollinearity, 
multivariable analysis was not feasible.

In conclusion, C. longa aqueous extract inhibits 
leptin release, revealing a promising anti-inflam-
matory property. This suggests that it has a poten-
tial as a herb to prevent or manage obesity and its 
related chronic disorders. Our study is very impor-
tant because using polar soluble extract will over-
come poor solubility and consequently poor 
bioavailability of curcuminoids, which has hin-
dered its use so far. However, this needs to be fur-
ther investigated in the future.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest 
with respect to the research, authorship, and/or publication 
of this article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

References

 1. World Health Organization (WHO) (2014) Obesity 
and Overweight Fact Sheets. Geneva: WHO.

 2. Abdul-Rahim HF, Holmboe-Ottesen G, Stene LC et 
al. (2003) Obesity in a rural and an urban Palestinian 
west bank population. International Journal of Obesity 
and Related Metabolic Disorders 27: 140–146.

 3. Danaei G, Ding EL, Mozaffarian D et al. (2009) 
The preventable causes of death in the United 
States: Comparative risk assessment of dietary, life-
style, and metabolic risk factors. PLoS Medicine 6: 
e1000058.

 4. de Gonzalez AB, Hartge P, Cerhan JR et al. (2010) 
Body-mass index and mortality among 1.46 million 
white adults. New England Journal of Medicine 363: 
2211–2219.

 5. Wellen KE and Hotamisligil GS (2005)Inflammation, 
stress and diabetes. Journal of Clinical Investigation 
115: 1111–1119.

 6. Aggarwal BB (2010) Targeting inflammation-induced 
obesity and metabolic diseases by curcumin and other 
nutraceuticals. Annual Review of Nutrition 30: 173–199.

 7. Panahi Y, Hosseini MS, Khalili N et al. (2016) Effects 
of supplementation with curcumin on serum adi-
pokine concentrations: A randomized controlled trial. 
Nutrition 32: 1116–1122.

 8. Lopresti AL, Maes M, Meddens MJ et al. (2015) 
Curcumin and major depression: A randomised, dou-
ble-blind, placebo-controlled trial investigating the 
potential of peripheral biomarkers to predict treatment 
response and antidepressant mechanisms of change. 
European Neuropsychopharmacology 25: 38–50.

 9. Jaradat N, Ala’khader IS and Abu-hadid M (2014) 
Exhaustive extraction and screening the biologi-
cal activities of Heliotropium hirsutissimum (hairy 
heliotrope): A member of Palestinian flora. Asian 
Journal of Pharmaceutical and Clinical Research 7: 
207–210.

Figure 3. BMI and gender effect on leptin response. (a) Correlation between BMI and leptin response was determined employing 
Spearman correlation test (R = 0.4). (b) BMI effect by dividing patients into two groups according to their BMI. (c) Gender effect. 
SAT explants of each patient were incubated for 48 h with or without 1 mg/mL of aqueous extract. Secreted quantities of leptin in 
the media were determined by ELISA. Results were depicted as relative quantities (RQ) compared to the control (without extract; 
C). *P < 0.05 versus BMI ≥ 35 or females. Error bars, SEM.



Al-Lahham et al. 249

 10. Al-Lahham S, Roelofsen H, Rezaee F et al. (2012) 
Propionic acid affects immune status and metabolism 
in adipose tissue from overweight subjects. European 
Journal of Clinical Investigation 42: 357–364.

 11. Harvey J and Ashford M (2003) Leptin in the CNS: 
Much more than a satiety signal. Neuropharmacology 
44: 845–854.

 12. Illuri R, Bethapudi B, Anandakumar S et al. (2015) 
Anti-inflammatory activity of polysaccharide fraction of 
Curcuma longa extract (NR-INF-02). Anti-Inflammatory 
& Anti-Allergy Agents in Medicinal Chemistry 14: 53–62.

 13. Song WY and Choi JH (2016) Korean Curcuma longa 
L. induces lipolysis and regulates leptin in adipocyte 

cells and rats. Nutrition Research and Practice 10: 
487–493.

 14. Mohankumar S and McFarlane JR (2011) An aque-
ous extract of Curcuma longa (turmeric) rhizomes 
stimulates insulin release and mimics insulin action 
on tissues involved in glucose homeostasis in vitro. 
Phytotherapy Research 25: 396–401.

 15. Casabiell X, Pineiro V, Peino R et al. (1998) Gender 
differences in both spontaneous and stimulated lep-
tin secretion by human omental adipose tissue in 
vitro: Dexamethasone and estradiol stimulate leptin 
release in women, but not in men. Journal of Clinical 
Endocrinology and Metabolism 83: 2149–2155.


