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Leptin is thought to be a lipostatic signal that contributes to body weight regulation. Zinc plays an important role in appetite regulation also.
aun is to evaluate
relationship between leptin and zinc in obese and nonobese type 2 diabetic patients and its relationship with oxidative

stress and insulin. We studied 25 nonobese nondiabetic
(controls); 35 nonobese diabetic women; and 45 obese diabetic women. P1asma
leptin
was determined by unmunoradiometric assay. Thiobarbituric acid reactive substances (fBARS), markers of oxidative
stress, were assayed by the spectrofotometric method. Plasma levels of zinc and insulin were measured by atomic absorpt:ion
spectrophotometer and electrochemiluminescence
respectively. We found that nonobese diabetic patients had significantly lower
zinc and hlgher TBARS Jevels than control subjects (P<0.01). There was no
in plasma leptin levels between nonobese diabetic
subjects and controls. Obese diabetic subjects had significantly higher plasma leptin, TBARS, and insulin levels and significantly lower plasma
zinc levels 1han nonobese diabetic subjects (for each comparison; P<0.01). The univariate and multivariate analyses demonstrated a
(P<0.01) and insulin (P<0.01), anda significant negative
significant positive com:lation between leptin and body mass
between leptin and zinc in obese subjects. Additionally, TBARS levels was positive correlated wilh insulin and negative correlated wilh zinc in
obese diabetic subjects. We conclude that zinc may be a mediator of the effects ofleptin, although the detailed mechanism is still
and
requires further investigation. Free radical induced mechanism(s) may be involved in this _process.
© 2004 Elsevier ine. Ali rights reserved.
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1. lntroduction
Obcsity and aswciatcd diabctcs arc cpidcmic throughout
thc world. Obcsc individuals charactcristically manifcst
insulin
and hypcrinsulincmia, which prcdisposc
to glucosc intolcrancc, diabctcs, and cardiovascular discasc
[l]. A major advance in understanding the hormonal
causation ofmorbid obesity is the discovery ofthe hormone
leptin. Leptin, an. ob gene product, is thought to be a
lipostatfo signal that contnbutcs to body wcight rcgulation
through modulation fccding bchavior or cncrgy cxpcnditurc
or both [2]. it has bccn suggcstcd. that administration of
leptin
cncrgy expcnditurc and dccrca,:;cs appctitc

by dccreasing hypothalamic Icvcls of orcxigcnic ncurtF
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transmitters [3 ].
leptin secret.ed in proportion to the
amount of body mass, a variety of honnonal factors such as
insulin can also influence circulating leptin levels [4].
Zinc plays an important role in appetite regulation also [5 ].
The most widely accepted mecbanism for zinc-induced
changes in appetite is alteration in hypothalamic neurotransmitter metabolism by influencing the leptin system [6].
According to experimental dala, zinc deficiency decreases
leptin levels whereas zinc supplementation increases it [7];
howevec,
relationship between zinc status and
leptin in
humans is unclear. Additionally, zinc is Jmown to have
insulinomimetric action of increasing peripheral glucose

disposal [8].

To as&e.$S the
relationship between leptin arui
zinc levels we studied obese and nonobese individuals with
type 2 diabetes. To 3$CSS oxidative stress, pla.5ma thioacid reactive substances (fBARS) as a marlcer of
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lipid peroxidation were also det.ermined. Since previous
subjects were
studies have shown that leptin levels
affected by sex and menopausal status [9], only postmenopausal women were included in the study.

ot

2. Methods and materials
21

and

We studied the following groups of women: 25 nondiabetic nonobese women (control subjects); 35 nonobese
women with type 2 diabetes; and 45 obese women with
type 2 diabetes. All subjects provided written informed
consent before the study, and the study approved by our local
ethic committee.
Diabetes was diagnosed according to the National
Diabetes Data Group criteria [10]. All diabetic patients were
treated with dietary therapy (1400- 1600 kcal/day, 50%
carbohydrates, 30% lipids, 20% proteins and <300 mg/day
cholesterol) and oral hypoglycemic agents. Subjects were
considered nonobese when body mass index (BMI) was <27
kg/m2 [ 11 ]. Retinopathy in lhe all subjects was examined by
fundus examination, sofi exudates and intra-retinal hemorand photography. Nephropathy was evaluated by
microalbuminuria defined as albumin excretion rates > 20 µg/
min but <200 µg/min (at least two overnight collections).
Peripheral neuropathy examined by the absence of foot
pulses, ankle and brachial Doppler pressures, and symptoms.
None of the subjects had retinopathy, nephropathy, or
neuropathy.
Menopausal status was confirmed by the absence of
menstruation for at least 6 months and a serum concentration
FSH of >40IU/mL (FSH lRMA, Bioclone, Australia) and
estradiol of <20 IU/mL (EIA gene Estradiol, Biochem
Immune Systems, France). None had ever received hormone
replacement therapy.
Exclusion criteria included cardiovascular disease or
hypertension, renal or honnonal disease, smoking habits,
alcohol abuse, or use of any drug therapy such as lipid
lowering therapy, vitamins, or antioxidants. None of the
patients met any clinical criteria for deficiency ofvitamins.
After 12 hours of overnight fasting, venous blood
samples of the subjects were drawn into Li-heparin
containing tubes. Blood samples of 1 mL were used for
the determination of glycated hemoglobin. The remaining
blood was then centrifuged at 1500xg for 10 minutes in a
refrigerated centrifuge, and plasma was obtained.
Plasma leptin concentration was determined by immuRlA kit (DSL ine.,
noradiometric assay using a
USA). The assay used purified recombinant
leptin as
calibrators (0.25 - 120 ng/mL), and a polyclonal antibody
that was made to recombinant
leptin. Analytical
performance of tbe assay was determined by runoing it in
duplicate. The intra-assay analytical coefficient of variation
ranged from 4.2% to 5.6%, and the inter-assay coefficient of
variation ranged from 4.5% to 8.1 %.

ot

TBARS levels were
according to the
of Buege and Aust [12]. TBARS concentration was
calculated using a molar absorption
of
l.56X 105 M - 1 cm- 1• The intra and inter assay coefficients
of variation for TBARS were 4.5% aod 4. 7% respectively.
resistance
The homeostasis model
(HOMA-IR) score was estimated to show the insulin
resistance by using tb.e foUowing formula: (fasting insulin
[µU/mLJXfasting glucose [mmol/L])/ 22.5 [13]. Higher
HOMA-IR scores indicate lower insulin sensivity.
Plasma glucose, total, HDL aod LDL cholesterol, triglycerides, aod creatioine levels were determined by enzymatic
methods using commeccial kits (Sigma Chemical, St Louis,
MO). Glycated hemoglobin levels were assayed by colon
chromatographic methods (Sigma Chemical). Plasma insulin
levels were measured by
immunoassay on Roche Elecsys 2010 analyzer (Roche, USA).

1.2: Statistical anal,ysis
Values are expressed as meaos±SD. Comparisons were
performed with an unpaired Student t test or repeatedmeasures of analysis of variance. Th.e Tukey test was used
for multiple comparisons. Linear regression or Pearson
correlation or both were used to evaluate the .relations
among different variables. Log-ronverted values of leptin
were used in tb.e analyses. Differences were considered to be
significant at the level of P<0.05.
3,
Table 1 lists the genecal plasma characteristics of groups
studied. Subjects with diabetcs had significantly higher
plasma glucose, cholesterol, triglycerides, and glycated
hemoglobin than control subjects (P<0.01). There was no
significant difrerence in plasma biochemical and general
characteristics between tb.e diabetic groups. Control subjects
had similar plasma leptin aod insulin levels to tb.e levels of
nonobese diabetic subjects. Pi.asma zinc levels were significantly higher in control subjects
in
obese or
nonobese diabetic subjects (P<0.01 and P<0.001). Obese
diabetic subjects had significantly highec plasma TBARS,
leptin and insulin levels than nonobese diabetic subjects
(P<0.001, P<0.001 and P<0.001). HOMA-IR scores were
significantly higher in obese diabetic subjects when compared with nonobese diabetic suhjects (P <0 .0 1). This
finding suggested that obese diabetic subjects bave an
insulin resistance. Plasma zinc lcvels were significantly
lower in obese diabetic subjects than in nonobese diabetic
subjects (P< 0.01).
between leptin aod
Correlation analyses were
the studied parametel'S in obese and nonobese subjects. ln
univariate and multivariate analyses,
was no signifi.cant relationship between lq:>tin and any of the variables in
control subjects aod nonobese diabetic suhjects. in univariate and
aoal~, a significant rclationship
between leptin was observed only for plasma zinc
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General and

type 2 iliabetes,

of nonobese and ôbese subJects,
conb:ol subjeds
Control
subjects
(n = 25)

Agc (y)
RM 1
Waist-hip ratio
SBP (lllill Hg)

glucose
Plasma tmal Ch
Plasma LDL CH (mmol/L)
Plasma creatinine (mmol/L)

Giycateci

ofmenopause (y)
Leptin {µgiL)
7,inc (µmol/L)
Fasting

(pmol/1 ,)

TBARS

HOMA-lR

54.SJ.3.5
7.1.5:P.S
0.77±0.05
95.5±6.5
75.4±5.S
4.72±0.83
4.95±0.72
3.071:0.54
73±10
4.3±0.9
5.5±4.S
4.27±1.25
22.313.2
4fl±7.8
3.15±0.95
1.36±0.16

Nonobese
diabetic

subjocts
(n ;35)

53.7JA.6
?.2 .54:'.\.5
0.79±0.05
98.5±5.S
76.5±4.5
7.98±0.50.
6. 72±0.85"
4.59±0.55"
74±9
7.6± 1.7
8.5± 1.7
4.55±2.41
16.21.3.98
57.,,!;31

5.75±1.25°

.
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or

Obese

diabetic
sobjc-cts
(n=45)

56.JJ.S.S
34.4±1 .Sb
0.94±0.07
98.7±S3
76.5±5.5
8.80±0.73°
6.85±0.75
4.61±0.70
74±10
8.3±1.5
8.8±1.5
23.4±12.4
l l.6l2.9b
141±36
7.32± 1.33b
7.93±0.20b

Values are means±SD. P<0.05 statistically

SBP-'syslölic blood pressure; DBP-tliastolic
blooö jlfessüre; CJFt coolesfdol; HOMA-IR== HO'fnw..lliis Model Assessmcnt - lnsulin Rcsistance; THARS
substanccs.
• Statistical oomparison with ,:antrol
b

Statistical comparison with nonobese diabetic subjects.

( coefficient±standard error [SE], -0.425 ±0.13 5;
-0.486±0.140; for all, P<0.01) insulin (coefficient±SE,
0.415±0.075; 0.455±0.08; for al~ P<0.01), and BMI
(coefficient±SE, 0.455±0.055; 0.480±0.155; for all,
P<0.01) in obese diahetic subjects. ln Pearson correlation
analyses, plasma zinc was negatively
with insulin
and TBARS levels (r=-0.412 P<0.01 and r=-0.520,
P<0.01, respectively) in obese diabetic subjects. Plasma
TBARS levels were also positively correlated with insulin
(r=0.410, P<0.01) in obese diabetic subjects. Plasma zinc
levels were
correlated with TBARS in nonobese
diabetic subjects (r=-0.430, P<OOl).

4. Disrnssion
This study investigated possible interrelationships between two molecules
are involved in the physiologic
regulation of energy homeostasis,
leptin and zinc, in
obese and nonobese subjects with and without diabetes.
lt has been shown that ob gene expression and leptin
production are increased in animal models of obesity. It has
been also demonstrated that elevated leptin levels in obese
women result from accelerated secretion rates of leptin from
adipose
because of increased ob gene expression [l 4].
It has been recently demonstrated that there is resistance to
leptin in obese individuals, and this resistance results in
elevated plasma leptin levels [15]. lt is generally accepted that
serum leptin concentration is positively associated with
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obesity and hyperinsulinism irrespective of the degree of
obesity, and that the presence of cbronic hyperglycemia
increases adipose tissue leptin synthesis and secretion in
insulin resist.ant subjects [ 16]. Obesity is a particularly
problem among individuals with type 2 diabetes
mellitus. One of the potential fact.or.. implicated in the
pathogenesis of diabetes mellitus in obese patients include
insulin resist.ance. Obesity can intensify the situation by
increasing adipose
mass and insulin resistance [17).
Plasma leptin levels were found to be elevated, decreased, or
unchanged in diabeti.c patients [18- 20]. Previous studies
reporting on lean and obese nondiabetic individuals have
shown elevated leptin levels to be associated with insulin
resistance, independent of BM1 f21]. Our results suggested
that altbough plasma leptin levels did not change in nonobese
diabetic subjects when compared with control subjects, in the
presence of obesity, leptin levels elevated and insulin
resistance were determined. lt bas been reported that insulin
resistance
indirectly contnbute to hyperleptinemia by
increased insulin levels [22]. The exact sequence of this
regulation is not understood.
On the other hami, it bas been suggested that zinc
supplementation of zinc-deficient subjects, in addition to its
well
effects on appetite and bod:y composition,
increase circulating leptin tevels {23]. Ott et al. [24} reported
that zinc deficiency may reduce leptin gene expression and
leptin secretion frum adipose ti.s.we in rats. They a1so fuund
that insulin-stimulated leptin secretion is augm.ented by a
low rather than incubation with zinc at high concentrations.
lt has been described that although plasma zinc levels were
decreased in obesity [25] and diabetes (26], Raz et al [27]
suggested unchanged plasma zinc levels in type 2 diabetes.
Our results have sbown that obese diabetic subjects had
lower zinc levels than nonobese subjects with or without
diabetes, and tbat plasma zinc levels were higher in nonobese
diabetic subjects than in nonobese diabetic subjects. ln
contrast, in previous studies tbat suggested that there have
been a positive
between zinc and leptin in
humans [28], in
study
zinc levels were negatively
correlated with
leptin and insulin levels in obese
diabetic subjects. Chen et al. [23] suggested !hat there was an
inverse correlation between zinc and leptin levels in obese
individuals. They have also shown that zinc treatment
significantly increased leptin production; however; this
increment did not surpass that by insulin in vitro. Tallman
et al. [8] reported a negative correlation between serum leptin
and adipose zinc concentration in rats given high-fat diets.
Gaetke et al. [29] indicated tbat low
leptin concentrations, slowed metabolic rate. and decreased physical
activity were more likely the result of the reduced food
intake in zinc deficiency. On the other hami, zinc has been
linked to insulin resistance [30]. Several potential
nisms have been suggestoo fur zinc affecti.ng insulin action,
including a role fur zinc in modulation of insulin receptor
tyrosine kinase activity, and zinc has been shown to enhance
tyrosine kinase phosphorylation
with other cations
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[31). Jn persons wi~ type
~abetes mellitus, decreased
insulin-stimulat.ed kinase
has been reported. [32].
However, there is a lack of information on the effect of zinc
status on leptin resistance. Our results have also shown
oxidative stress was elevat.ed in both obese and nonobese
diabetic subjects, and
TBARS levels were negatively
correlated
plasma zinc levels. Decreased plasma zinc
levels have been
in response to enhanced oxidative
stressin diabetes [33]. TBARS levels were also significantly
correlated with insulin levels in obese diabetic subjects. This
finding made us think that the oxidative stress- induced
leptin or insulin resistance may be a factor in obesity as
well.
Although our data did not support a suggestion that zinc
may contributions influence the effects of leptin by leptin
receptor resistance, we thought that low zinc status may be
involved in leptin resistance directly or an oxidative stressmediat.ed process in obese diabetic subjects. Zinc may be a
mediator ofleptin effects, although the precise mechanism is
still unknown and requires further investigation.
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