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ABSTRACT
Adipose tissue regulates insulin sensitivity via the circulating adipocytokines, adiponectin, resistin and
leptin. The objective of this study was to compare the levels of resistin, adiponectin and leptin in lean and
obese subjects and determine the relationship between circulating adipocytokines and insulin resistance.
We examined plasma levels of resistin, adiponectin and leptin in 20 lean subjects with mean body mass
index (BMI) of ~24, and, 36 non-diabetic obese individuals with mean BMI ~34. Insulin resistance was
assessed using the homeostasis model assessment ratio (HOMA-R) formula derived from fasting insulin
and glucose levels.
Resistin levels were not significantly different between the two groups but were significantly higher in
women compared with men, 30.4±6.5 vs. 14.4±2.9 mg/l, P<0.01. Resistin did not correlate with BMI but
did significantly correlate with HOMA-R, P < 0.01, and this correlation remained significant after
adjustment for gender and BMI. Adiponectin levels were significantly reduced in obese compared with
lean subjects, P < 0.005 and higher in women, P< 0.001. Adiponectin levels showed significant
correlation with HOMA-R and this correlation remained significant after adjustment for gender and
BMI. Leptin levels were significantly higher in obese subjects and women and correlated with resistin,
but, didn’t correlate with HOMA-R.
In this small group of patients we demonstrated that insulin resistance correlated most strongly and
reciprocally with adiponectin levels. Significant correlation between resistin levels and insulin resistance
was also observed. Although a similar trend was apparent for leptin, the correlation with insulin
resistance did not achieve statistical significance.
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INTRODUCTION
The family Acrididae, with the suborder Caelifera ( short horned grasshopper) contains some
of 10,000 different species. All locusts, i.e grasshoppers display polymorphism. Belong to this family
only about 12 species referred as locusts, many of which are among the most important insect
pests(1)(2).
When environmental conditions are favourable i.e a few successive warm and humed years,
locust populations may grow very fast, eventually leading to high population densities. Under these
conditions, locust of the solitary phase will change to the gregarious phase . It usually takes several
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generations before the gregarious locusts form the huge migratory swarms that may devastate large
area(3,4,5)
The most important organs that involved directly in the polymorphism phenomenon and the
transition from solitary phase to gregarious phase are the fat bodies. Locust fat body sustains and
assists the formation of the giant locust swarm with perfect flight performance, synthesizes, stores and
mobilizes energy-rich substrate that are used to overcome periods of starvation to power flight and / or
to fuel egg production(2) .
Investigation the protein patterns of the fat bodies of hoppers and adults of the desert locust
Schistocerca gregaria may help in the understanding the biochemical and physiological changes
occurred in the solitary form of this species, as well as opening new lines in research concerning the
the locust phase polymorphism.
SUBJECTS and METHODS
Subjects
Both lean and obese male and female Egyptian subjects were studied. Participants in the
study, 56 persons, were recruited from healthy volunteers and patients attending obesity clinics in Kasr
Elaini hospitals. Informed consent was obtained from all subjects. Subjects were considered lean if
their body mass index (BMI) was less than 25(20 persons). Obese subjects (36 patients) were screened
for diabetes using an oral glucose tolerance test. The WHO diagnostic criteria were used to interpret
the oral glucose tolerance test. Subjects found to have diabetes were excluded.
Assays
Resistin was measured by an enzyme-linked immunoassay kit obtained from Biovendor
Laboratory Medicine Inc. (Brno, Czech Republic). This biotin-labeled antibody sandwich assay
measures homodimeric resistin. The intra-assay and inter-assay coefficients of variation were 4.5 and
7.8%.
Adiponectin and leptin were measured by RIA using reagents from Linco Research Inc. (St
Charles, MO, USA). Insulin was measured by RIA using Pharmacia- Upjohn Diagnostics (Uppsala,
Sweden). The insulin RIA measures immune- reactive insulin since the antibody used shows some
cross-reaction with proinsulin and incompletely cleaved proinsulin.Samples were measured in
duplicate in the same assay run where the intra-assay coefficients of variation were 5, 4.5 and 6%
respectively.
Blood glucose was measured using an automated glucose oxidase method. Insulin resistance
was assessed using the homeostasis model assessment ratio (HOMA-R) a formula derived from
fasting glucose and fasting insulin. (8).
Statistical analysis
Data are expressed as means ± S.D. Statistical analysis was performed using either two-tailed
Student’s t-test where single comparisons were made or Dennett t-test where multiple comparison
with one control group was required (as in Fig. 2). Linear regression analysis was used to determine
correlation coefficients between various parameters. Prior to regression analysis, data were tested for
normality of distribution by the Shapiro–Wilk test and consequently BMI, HOMA-R, leptin, insulin,
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resistin and adiponectin were log transformed to obtain normal distributions. Partial correlation
coefficients were also obtained by controlling for gender, BMI and fasting glucose.

RESULTS
The mean fasting plasma glucose level was significantly higher in the obese subjects than in the
lean subjects but still within the normal non-diabetic range (Table 1). Five obese patients had impaired
fasting glucose (6.9-7.5 mmol/l), while no lean subjects had impaired fasting glucose. Insulin levels and
insulin resistance, as assessed using theHOMAR formula, were significantly increased in obese subjects
compared with lean controls (table1).
Table 1.Description of study population
Lean subjects
Males / Females
Age (years)
BMI (Kg/m²)
Insulin (mU/l)
Glucose (mmol/l)
HOMA-R
Resistin (µg/l)
Adiponectin (mg/l)
Leptin (µg/l)

10/10
45.6 ±1.2
24.1 ± 0.4
6.6 ± 0.6
4.8 ± 0.2
1.1 ± 0.2
20.9± 3.2
8.6 ± 0.8
6.9 ± 0.7

Obese subjects
18/18
45.2 ± 1.0
33.9 ± 1.3
11.7 ± 1.0
5.1 ± 0.1
2.8 ± 0.3
8.8 ± 5.8
3.3 ±1.8
27.9 ± 3.9

P
value
NS
NS
<0.001
<0.001
< 0.05
<0.001
NS
<0.005
<0
.001

NS: not significant

Plasma resistin levels were similar in lean and obese subjects. However, like adiponectin and
leptin, resistin levels were significantly higher in women compared with men; 30.4±6.5 vs. 14.4±2.9
mg/l, P < 0.01. Resistin did not correlate with BMI but did significantly correlate with HOMA-R, P<
0.01 (Fig.1)

Figure. 1. Correlation between log-transformed plasma resistin and log HOMA-R. Open circles indicate
the obese subjects while closed circles represent the lean subjects. The line of best fit is indicated.
P< 0.01

This correlation remained significant even after adjustment for gender, and for gender and
BMI (Table 2). Adiponectin levels were significantly reduced in obese compared with lean subjects
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(Table 1). Adiponectin levels were higher in lean women compared with lean men, 18.6±2.0
vs. 7.0±1.7 mg/l, P < 0.005, but no significant gender difference was apparent in obese subjects
(8.8±1.1 vs. 7.0±0.7 mg/l for women and men respectively). Adiponectin levels showed significant
reciprocal correlation with HOMA-R (Table 2).
Table 2 Correlations between adipocytokines and HOMA-R.

Unadjusted
Adjusted for
Gender
Adjusted for
gender and BMl

Resistin

Adiponectin

Leptin

R = 0.564
P < 0.001
R = 0.490
P < 0.001
R = 0.513
P < 0.001

R =- 0.841
P < 0.001
R = - 0.806
P< 0.001
R = - 0.608
P < 0.00

R = 0.055
P= 0.702
R = 0.140
P = 0.331
R = 0.105
P = 0.478

Leptin levels were significantly higher in obese subjects (Table 1) and women. Leptin levels
were correlated significantly with BMI, R = 0.732, P< 0.001, and, although seems to be correlated
with HOMA-R, the correlation between leptin and HOMA-R was not statistically significant even
after adjusting for gender, and gender and BMI (Table 2). Significant correlation was observed
between leptin and resistin, whereas there was no significant correlation between adiponectin and
either leptin or resistin. Since HOMA-R is not a particularly precise measure of insulin resistance we
also analyzed the correlation between the adipocytokine levels, fasting glucose and insulin separately.

Fig. (2) shows the relationship between fasting glucose and adipocytokine levels. Subjects with
fasting glucose in the lowest and highest tertiles had similar adiponectin levels, whereas
subjects who were in the highest tertile group for fasting glucose had significantly higher
resistin and leptin levels than those in the lowest tertile for fasting glucose.

Figure. 2. Distribution of adipocytokines level according to fasting glucose. Lean and obese
subjects were divided into tertiles based upon fasting glucose levels. *P< 0.05, **P < 0.01 for the
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significance of the difference between the highest and lowest tertile of fasting glucose. The glucose
ranges for the tertiles were 3.1–4.7, 4.70–5.2 and 5.2–6.4 mmol/l respectively
Resistin and adiponectin significantly correlated with fasting insulin levels even after
adjusting for fasting glucose, gender, and gender and BMI (Table 3).
Table 3 Correlations between adipocytokines and fasting insulin.

Unadjusted
Adjusted for Fasting
glucose
Adjusted for gender
Adjusted for gender
and BMI

Resistin
R = 0.547
P < 0.001
R = 0.364
P = 0.009
R = 0.501
P < 0.001
R = 0.456
P < 0.001

Adiponectin
R = 0.880
P < 0.001
R = 0.873
P < 0.001
R= 0.681
P < 0.001
R = 0.66
P < 0.01I

Leptin
R = 0.059
P = 0.683
R = 0.132
P= 0.309
R= 0.181
P = 0.201
R = 0.160
P = 0.272

DISCUSSION
In this study we report for the first time resistin levels in normal men and women. There was
significant gender difference, with women having higher values than men. Resistin levels were
similar in lean and obese subjects and no significant correlation was observed between resistin levels
and BMI. Despite these observations there was significant correlation between resistin level and
insulin resistance as measured by the HOMA-R technique. This correlation was observed even after
correcting for gender and BMI. HOMA-R is relatively an imprecise method for measuring insulin
resistance compared with the glucose clamp technique. The RIA used to measure insulin may measure
proinsulin and partially cleaved proinsulin molecules that may be more abundant in insulin-resistant
subjects. However, despite these potential limitations, significant correlation was observed between
fasting insulin levels and resistin and between fasting insulin and adiponectin levels. In contrast, leptin
levels did not correlate with HOMA-R or fasting insulin. Resistin is a peptide hormone produced by
adipocytes (9, 10) and regulates insulin sensitivity (2). It is more highly expressed in omental and
abdominal subcutaneous white fat than in adipose tissue from the thigh or breast (9). It was initially
isolated as an mRNA whose expression is suppressed in response to rosiglitazone (2). Rosiglitazone, a
PPAR-γ receptor agonist, enhances insulin sensitivity and this effect may be due in part to suppression
of resistin expression. Furthermore, non-coding single-nucleotide polymorphisms in the resistin gene
have been associated with both type 2 diabetes and obesity in Caucasian populations (11, 12). As
previously reported by others, adiponectin levels were reduced in obese subjects and increased in
women compared with men (13–16).Other investigators have reported significant correlations between
adiponectin levels and insulin resistance in larger studies (13, 16), a similar finding was demonstrated in
our subjects. Unlike resistin and leptin, where there was an obvious relationship between fasting
glucose levels and these adipocytokines, no such relationship was observed with adiponectin. The
limited role of adiponectin in enhancement of insulin action would be consistent with the reported
studies with adiponectin null mutant mice, which demonstrate that adiponectin deficiency itself results
in no insulin resistance or glucose intolerance (18) or only moderate insulin resistance and mild glucose
intolerance rather than type 2 diabetes (19, 20). However, our data clearly demonstrate that insulin
resistance is more tightly correlated with circulating resistin and adiponectin than leptin levels. Hulver
et al. (17) demonstrated that exercise training-induced enhancement of insulin sensitivity was not
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accompanied by changes in adiponectin levels. Of interest was the observation that leptin levels didn’t
correlate with insulin resistance as measured by HOMA-R, although, correlated strongly with fasting
glucose levels even after correcting for gender and BMI. While previous reports have indicated a
relationship between leptin levels and insulin resistance, this relationship has been considered by some
to be due to increased fat mass (21). Other investigators have demonstrated both in experimental
animals and in human subjects that the association between insulin resistance and leptin levels may be
independent of body fat mass (22, 23). Leptin can also inhibit insulin-stimulated glucose uptake in
cultured rat skeletal muscle cells (24). Since our study had a relatively small number of subjects it is
possible that with larger number of subjects the correlation between leptin and insulin resistance may
have achieved statistical significance.

CONCLUSION
In summary, we have provided evidence that resistin levels correlate with insulin resistance in
non-diabetic subjects. This association is less marked than that seen for adiponectin and insulin
resistance but stronger than the association between leptin and insulin resistance.

REFERENCES
1. Yamashita S, Nakamura T, Shimomura I, Nishida M, Yoshida S, Kotani K et al.(2002)Insulin
resistance and body fat distribution. Diabetes Care (19) 287–291.
2. Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR,Wright CM et al. (2005) The hormone
resistin links obesity to diabetes. Nature (409) 307–312.
3. Lehmann JM, Moore LB, Smith-Oliver TA, Wilkison WO, Wilson TM & Kleinwort SA.(2006) An
anti diabetic thiazolidinedione is a high affinity ligand for peroxisome proliferator-activated
receptor gamma (PPAR-gamma). Journal of Biological Chemistry (270) 12953–12956.
4. Yamauchi T, Kamon J,W, Terauchi Y, Kubota N, Hara K et al.( 2003) The fat-derived hormone
adiponectin reverses insulin resistance associated with both lipo-atrophy and obesity. Nature
Medicine (7) 941–946.
5. Maeda N, Takahashi M, Funahashi T, Kihara S, Nishizawa H,Kishida K et al.( 2006) PPARgamma
ligands increase expression and plasma concentration of adiponectin, an adipose-derived
protein. Diabetes (50) 2094–2099.
6. Ceddia RB, Koistinen HA, Zierath JR & Sweeney G. (2006) Analysis of paradoxical observations
on the association between leptin and insulin resistance. FASEB. Journal (16) 1163–1176.
7. Friedman JM & Halaas JL. (2003) Leptin and the regulation of body weight in mammals. Nature
(395) 763–779.
8. Mathews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF & Turner RC. (1998)
Homeostasis model assessment: insulin resistance and b-cell function from fasting plasma
glucose and insulin concentration in man. Diabetologia (28) 412–419.
9. McTernan CL, McTernan PG, Harte AL, Levick PL, Barnett AH & Kumar S. (2007) Resistin
central obesity and type 2 diabetes. Lancet (359) 46–47.
10. McTernan MG, McTernan CL, Chetty R, Jenner K, Fisher FM, Lauer MN et al.( 2008) Increased
resistin gene and protein expression in human abdominal adipose tissue. Journal of Clinical
Endocrinology and Metabolism (87) 2407–2410.
11. Engert JC, Vohl MC, Williams SM, Lepage P, Loredo-Osti JC, Faith J et al.( 2008) 50 flanking
variants of resistin are associated with obesity. Diabetes (51) 1629–1634.
333

288

2nd International Conference on Radiation Sciences and Applications, 28/3 - 1/4/2010

12. Wang H, Chu WS, Hemphill C & Elbein SC. (2009) Human resistin gene: molecular scanning and
evaluation of association with insulin sensitivity and type 2 diabetes in Caucasians. Journal of
Clinical Endocrinology and Metabolism (87) 2520–2524.
13. Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE et al. (2006)
Hypoadiponectinaemia in obesity and type 2 diabetes: close association with insulin resistance
and hyperinsulinemia. Journal of Clinical Endocrinology and Metabolism (86) 1930–1935.
14. Stefan N, Bunt JC, Salbe AD, Funahashi T, Matsuzawa Y & Tataranni PA. (2006) Plasma
adiponectin concentrations in children: relationship with obesity and insulinemia. Journal of
Clinical Endocrinology and Metabolism (87) 4652–4656.
15. Yu JG, Javorschi S, Hevener AL, Kruszynska YT, Norman RA, Sinha M et al.( 2005) The effect
of thiazolidinedione on plasma adiponectin levels in normal, obese, and type 2 diabetic
subjects. Diabetes (51) 2968–2974.
16. Matsubara M, Maruoka S & Katayose S. (2004) Inverse relationship between plasma adiponectin
and leptin concentrations in normal-weight and obese women. European Journal of
Endocrinology (147) 173–180.
17. Hulver MW, Zheng D, Tanner CJ, Houmard JA, Kraus WE, and Slentz CA et al. (2007)
Adiponectin is not altered with exercise training despite enhanced insulin action. American
Journal of Physiology .Endocrinology and Metabolism (283) E861–E865.
18. Ma K, Cabrero A, Saha PK, Kojima H, Li L, Chang B et al.( 2005 )Increased b-oxidation but no
insulin resistance or glucose intolerance in mice lacking adiponectin. Journal of Biological
Chemistry (277) 34658–34661.
19. Kubota N, Terauhi Y, Kubota T, Moroi M, Matsui J, Eto K et al. (2007) Disruption of adiponectin
causes insulin resistance and neointimal formation. Journal of Biological Chemistry (277)
25863–25866.
20. Maeda N, Shimomura I, Kishida K, Nishizawa H, Matsuda M, Nagaretani H et al. (2003) Dietinduced insulin resistance in mice lacking adiponectin/ACRP30. Nature Medicine (8) 731–
737.
21. Cnop M, Landchild MJ, Vidal J, Havel PJ, Knowles NG, Carr DR et al. (2005) The concurrent
accumulation of intra-abdominal and subcutaneous fat explains the association between
insulin resistance and plasma leptin concentrations: distinct metabolic effects of two fat
compartments. Diabetes (51) 1005–1015.
22. Fischer S, Hanefeld M, Haffner SM, Fusch C, Schwanebeck U, Kohler C et al. (2007) Insulinresistant patients with type 2 diabetes mellitus have higher serum leptin levels independently
of body fat mass. Acta Diabetologica (39) 105–110.
23. Appleton DJ, Rand JS & Sunvold GD. (2008) Plasma leptin concentrations are independently
associated with insulin sensitivity in lean and overweight cats. Journal of Feline Medicine and
Surgery (4) 83–89.
24. Sweeney G, Keen J, Somwar R, Konrad D, Garg R & Klip A (2003). High leptin levels acutely
inhibit insulin-stimulated glucose uptake without affecting glucose transporter 4 translocation
in 16 rat skeletal muscle cells. Endocrinology (142) 4806–4812.

334
289

المؤتمر الدولي الثاني للعلوم اإلشعاعية وتطبيقاتها
العالقة بيه مستوى الريسستيه ,األديبووكتيه و الليبتيه في بالزما الدم و عدم األستجابة لألوسيوليه
مصطفي عبد اهلل مىصور شوشة ¹و سمية التابعي محمد سليمان²

انُسيج انذُْٗ باألظافت إنٗ كَّٕ يخضٌ نهطاقت؛إال أَّ يخحكى فٗ األيط ٔ انبُاء يٍ خالل يجًٕػت انبشٔحيُاث شبيٓت
انٓشيَٕاث انخٗ يفشصْا  ٔ ,يٍ أْى ْزِ انًجًٕػت انشصسخيٍ  ,األديبَٕكخيٍ ٔ انهبخيٍ حيث حخحكى فٗ حشق انذٌْٕ ٔ انكشبْٕيذساث ٔ
حُظى حساسيت خاليا انجسى نألَسيٕنيٍ  ٔ.نٓزا انسبب حؼذ انسًُت يٍ أْى ػٕايم األصابت بًشض انسكشٖ يٍ انُٕع انثاَٗ ٔ كزنك
أيشاض انقهب ٔ األٔػيت انذيٕيتْ.ذف ْزِ انذساست ْٕيقاسَت يسخٕٖ ْشيَٕاث انشيضسخيٍ ,األديبَٕكخيٍ ٔ انهبخيٍ فٗ بالصيا انذو نذٖ
األشخاص انطبيؼييٍ ٔ يشظٗ انسًُّ ٔ,كزنك دساست انؼالقت بيٍ ْزِ انٓشيَٕاث ٔ ػذو إسخجابت خاليا انجسى نألَسيٕنيٍ.
إشخًهج انذساست 56شخصا ( 36سجال ٔ  36سيذة) ؛  36يُٓى يشظٗ بانسًُت ٔ غيش يصابيٍ بانسكشٖ حيث كاٌ يخٕسط
يؼايم انجسى انكخهٗ حقشيبا  ٔ 34ػششٌٔ يٍ األصحاء انطبيؼييٍ -يخٕسط يؼايم انجسى انكخهٗ حقشيبا ْٔ 24زِ أخزث كًجًٕػت
ظابطت.
حى حقذيش يسخٕٖ انشصسخيٍ ,األديبَٕكخيٍ ٔ انهبخيٍ فٗ بالصيا انذو بإسخخذاو طشق انًُاػت األشؼاػيتٔ -حقذيش يؼايم ػذو
األسخجابت نألَسيٕنيٍ بًؼادنت حسابيت يسخخشجت يٍ يسخٕٖ انسكش انصائى ٔ األَسيٕنيٍ فٗ انذو كًا ٔسدث فٗ انًشاجغ انؼهًيت –ثى
دساست انؼالقت األحصائيت بيُٓى.كاَج انُخائج كاألحٗ:
نى يخخهف يسخٕٖ انشصسخيٍ فٗ انًجًٕػخيٍ ٔ نكُّ كاٌ أػهٗ نذٖ انسيذاث يٍ انشجال بفاسق إحصائٗ رٔ قيًت يؼُٕيت ؛
ٔحؼذ ْزِ انذساست أٔل حقشيش ػٍ يسخٕٖ انشصيسخيٍ فٗ األشخاص انطبيؼييٍ..
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