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Background: The fat-regulating hormones, adiponectin, ghrelin, and leptin,
have been studied extensively with the hope that some therapeutic modality
might be gleaned from their augmentation or blockade. The authors studied
levels of ghrelin, adiponectin, and leptin after liposuction in obese male Zucker
rats. In addition, they altered the fat and carbohydrate content of the rats’
postoperative diets to determine whether diet affects hormonal levels and/or
liposuction outcome.
Methods: Thirty-five male, obese Zucker rats were divided into four experimental groups. Group I (n ⫽ 10) was fed a low-fat/low-carbohydrate diet; group
II (n ⫽ 10) was fed a regular chow diet; and group III (n ⫽ 10) was fed a
high-fat/high-carbohydrate diet. Five additional rats served as the baseline,
unoperated group. The experimental rats underwent subcutaneous liposuction,
and for 6 weeks they were then fed their experimental diets starting on day 0.
Experimental rats were euthanized on day 42 and blood was sampled for hormonal, triglyceride, and cholesterol levels.
Results: Triglyceride levels were significantly higher in the high-fat/high-carbohydrate group compared with the regular chow and low-fat/low-carbohydrate
groups, indicating an effect of diet on systemic circulation after liposuction.
Ghrelin levels decreased significantly and leptin levels demonstrated an increasing trend after liposuction. Adiponectin levels did not demonstrate any
change with alteration in diet or liposuction.
Conclusions: Liposuction may prove to offer patients medically therapeutic
benefits through hormonal alterations. After liposuction, diet plays an important role in weight gain. (Plast. Reconstr. Surg. 117: 1829, 2006.)

O

besity is a severely disabling and costly
disease that has gained widespread
attention.1 Currently, 64.5 percent of
adults in the United States are overweight (body
mass index ⱖ 25), and 30.5 percent are obese,
defined medically as a state of increased body
weight of sufficient magnitude to produce adverse health consequences, or body mass index
greater than or equal to 30.2– 4 Obesity is increasing in prevalence and significantly increases the
risk for disorders such as hypertension, dyslipidemia, non–insulin-dependent diabetes mellitus, coronary artery disease, stroke, gallbladder
disease, gastroesophageal reflux disease, hyperFrom the Division of Plastic Surgery, The Johns Hopkins
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cholesterolemia, osteoarthritis, obstructive sleep
apnea, and cancer.5–11 Data from the American
Obesity Association indicates that obesity is a
contributing cause in at least 300,000 deaths per
year.2 Obesity is a problem that plagues our society and drains our medical system.
Because of the importance of obesity as a disease, researchers are increasingly focusing their
efforts on studying mediators of fat metabolism,
including hormones that affect fat synthesis or
catabolism. Adiponectin, ghrelin, and leptin are
such hormones, and their individual pathways
and effects have been studied with the hope that
a therapeutic modality might be gleaned from
augmentation or blockade of the hormone in
question.
Adiponectin is an adipocytokine that influences insulin sensitivity and plays a role in cardiac disease. 12 Adiponectin is found in
adipocytes.4 When adiponectin levels are low,
insulin resistance is high, and type 2 diabetes
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commonly results. Low adiponectin levels have
also been associated with an increased risk for
coronary artery disease. High levels of adiponectin, as seen with weight loss, can lead to higher
levels of insulin sensitivity, alleviation of diabetic
symptoms, and a better cardiac profile.13,14
Ghrelin is one of the more exciting hormones
discovered, as it is the only hormone found to
stimulate food intake in humans.15 Endogenous
ghrelin production has been localized to the
gastric mucosa, pancreas, hypothalamus, kidneys, and pituitary gland.16 When ghrelin was
administered intravenously to healthy volunteers, the amount of food they consumed from a
free-choice buffet was significantly greater compared with volunteers who received intravenous
saline.17 Ghrelin antagonists may treat excessive
food intake, while ghrelin agonists may treat
anorexia associated with cancer.15,17
Research on the hormone leptin has been
more extensive because its discovery predates
that of ghrelin. Leptin is produced by adipocytes
and exerts its effects by acting on the hypothalamus to inhibit food intake and weight gain.18,19
Elevated leptin levels stimulate lipolysis and a
higher level of energy expenditure.20 Conversely,
the absence of leptin results in extreme obesity
in humans and rodents.21 Systemic leptin administration reduced food intake and body weight in
ob/ob mice.22,23 Further, a study presented by
Heymsfield et al.20 demonstrated that subcutaneous administration of leptin resulted in significant weight loss in obese humans.
Adiponectin, ghrelin, and leptin levels are also
affected by weight changes and gastric bypass
surgery.24 –26 Recent studies have demonstrated
that ghrelin and adiponectin levels increase
while leptin levels decrease after Roux-en-Y gastric bypass surgery.26,27 Decreasing peripheral fat
stores through liposuction may also affect the
action of adiponectin, ghrelin, and leptin. One
study reported a significant decrease in leptin
levels 1 week after liposuction, but at 6 weeks the
decrease was not significant.27 Liposuction may
alter other hormones as well.
Studies investigating improvement of health
after liposuction in adults have demonstrated
conflicting results. Giese et al.28 first demonstrated systemic health benefits from highvolume liposuction, such as decreased weight,
body fat mass, systolic blood pressure, and fasting insulin levels. A study by Gonzalez-Ortiz et
al.29 showed decreased plasma glucose levels and
improved insulin sensitivity within a month of
liposuction. Giugliano et al.30 demonstrated im-
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provement in metabolic factors and inflammatory mediators affecting cardiac health 6 months
after liposuction, whereas Klein et al.31 failed to
demonstrate an improvement in these factors.
Klein et al. did show elevation in leptin levels 10
to 12 weeks after liposuction.31 Further animal
and human studies are currently being performed to investigate the positive effects of fat
loss through liposuction.
We chose to study the levels of ghrelin, adiponectin, and leptin after liposuction in obese
male Zucker rats. In addition, we altered the fat
and carbohydrate content of the postoperative
diets of the rats to determine whether diet affects
hormone levels after liposuction.

MATERIALS AND METHODS
Thirty-five male, 8- to 10-week-old obese
Zucker rats were obtained from a commercial
breeder (Harlan, Indianapolis, Ind.). The rats
were housed two per cage and kept at a constant
temperature and humidity in a room with an artificial 12-hour-light, 12-hour-dark cycle. The rats
were fed a standard commercial laboratory chow
(Teklad, Inc., Monmouth, Ill.) and drank unaltered tap water, both ad libitum. All animals had
at least a 1-week period of acclimatization before
they were used in experiments. The Institutional
Animal Care and Use Committee of the Sinai Hospital of Baltimore, under established guidelines
for the humane use and care of laboratory animals
published by the United States Department of Agriculture, approved all protocols.
The rats were divided into three experimental
groups and one control, unoperated group.
Group I (n ⫽ 10) was fed a low-fat/low-carbohydrate diet (Bioserv, Frenchtown, N.J.); group II (n
⫽ 10) was fed a regular chow diet; and group III
(n ⫽ 10) was fed a high-fat/high-carbohydrate
diet. Diets were started on day 0 after liposuction
was performed. There were five rats in the baseline
control group.
On day 0, animals were anesthetized with intraperitoneal pentobarbital (50 mg/kg) and their
abdomens were shaved, prepared with iodine surgical solution, and draped with sterile drapes. The
midline was marked. A no. 15 scalpel blade was
used to make a stab incision in the left lower
quadrant of the abdomen. Ten milliliters of wetting solution (30 cc of 1% lidocaine plus 1 cc of
1:1000 epinephrine in 1 liter of lactated Ringer’s
solution at room temperature) was infiltrated subcutaneously in the left side of the abdomen. Subcutaneous liposuction was then performed on the
left side of the abdomen using syringe liposuction
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Fig. 1. Triglyceride levels, day 42 (high-fat/high-carbohydrate group, n ⫽ 10; regular chow group,
n ⫽ 9; low-fat/low-carbohydrate group, n ⫽ 10). The star signifies statistical significance for the
triglyceride level in the high-fat/high-carbohydrate group versus the other two groups (p ⬍ 0.009
by one-tailed, unpaired t test). The T-bar above the rectangle signifies standard deviation.

Fig. 2. Cholesterol levels, day 42 (high-fat/high-carbohydrate group, n ⫽ 10; low-fat/low-carbohydrate group, n ⫽ 10). The star signifies statistical significance for the cholesterol level in the
low-fat/low-carbohydrate group versus the high-fat/high-carbohydrate group (p ⫽ 0.005, by onetailed, unpaired t test with Bonferroni correction for multiple comparisons). The T-bar above the
rectangle signifies standard deviation.

with vacuum provided by a Johnnie lock on a
Toomey syringe (Mentor, Santa Barbara, Calif.).
The total and percentage fatty aspirate were recorded. The wounds were closed with a single 5-0
nylon simple suture that was removed at 2 weeks.
For 6 weeks, the study rats were fed their respective
experimental diets.
Animals were euthanized on day 42 using 200
mg/kg intraperitoneal sodium pentobarbital.
Blood samples were collected for analysis of adiponectin, ghrelin, and leptin levels, as well as triglyceride and cholesterol levels. To determine
baseline hormone values, the five control rats were
euthanized on day 0 using 200 mg/kg intraperitoneal sodium pentobarbital, and blood samples
were collected. Blood samples were immediately
placed on ice and transferred to a ⫺70° freezer for
later analysis.
Statistical analysis was performed using unpaired one-tailed t tests using Intercooled Stata 6.0

(Stata, College Station, Texas). The Bonferroni
method was used to control for multiple comparisons.

RESULTS
One rat from the regular diet experimental
group died before the 42-day period. The average
total liposuction aspirate and average percentage
of fat/aspirate in each group were 10.8 cc and 19.4
percent in the low-fat/low-carbohydrate group,
11.4 cc and 22.3 percent in the regular chow
group, and 12.4 cc and 24.7 percent in the highfat/high-carbohydrate group, respectively. These
differences were not statistically significant, indicating that essentially similar volumes were aspirated from all groups (two-tailed unpaired t test).
Effect of Diet
The triglyceride level was significantly higher
in the high-fat/high-carbohydrate group com-
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Fig. 3. Mean weight gain at day 42 (high-fat/high-carbohydrate group, n ⫽ 10; regular chow group,
n ⫽ 9; low-fat/low-carbohydrate group, n ⫽ 10). The star signifies statistical significance for the
weight gain in the low-fat/low-carbohydrate group versus the high-fat/high-carbohydrate group
(p ⬍ 0.004) and the low-fat/low-carbohydrate group versus the regular diet group (p ⬍ 0.0004), by
one-tailed, unpaired t test. The T-bar above the rectangle signifies standard deviation.

Fig. 4. Ghrelin levels, day 42 (high-fat/high-carbohydrate group, n ⫽ 10; regular chow group, n ⫽
9; low-fat/low-carbohydrate group, n ⫽ 10; baseline group, n ⫽ 5). The star signifies statistical
significance for the baseline level versus the other three groups (p ⫽ 0.022 by two-tailed, unpaired
t test with Bonferroni correction for multiple comparisons). The T-bar above the rectangle signifies
standard deviation.

pared with the regular chow and low-fat/low-carbohydrate groups (456 ⫾ 204 versus 267 ⫾ 94.3
versus 165 ⫾ 76.1 mg/dl, p ⬍ 0.009 by one-tailed,
unpaired t test) (Fig. 1). The cholesterol levels
demonstrated a decreasing trend from the lowfat/low-carbohydrate group to the high-fat/highcarbohydrate group. They were significantly lower
in the high-fat/high-carbohydrate group compared with the low-fat/low-carbohydrate group
(202 ⫾ 40 versus 254 ⫾ 40 mg/dl, p ⫽ 0.005, by
one-tailed, unpaired t test) (Fig. 2).
The mean weight gain demonstrated an increasing trend among the groups (31.7 g versus
51.6 g versus 51.1 g), with significance when comparing the low-fat group to the regular diet group
(p ⬍ 0.004, unpaired t test) and the low-fat group
to the high-fat group (p ⬍ 0.0004, one-tailed, unpaired t test) (Fig. 3).
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Effect of Liposuction
Baseline ghrelin levels were significantly higher
when compared with groups that underwent liposuction (low-fat/low-carbohydrate group, 61.6 ⫾
22.2; regular chow group, 70.5 ⫾ 40.9; high-fat/
high-carbohydrate group, 81.7 ⫾ 39.5; baseline
group, 153 ⫾ 98.3 pg/ml; p ⫽ 0.022 by two-tailed,
unpaired t test Bonferroni correction for multiple
comparisons) (Fig. 4).
Postoperative liposuction leptin levels demonstrated an increasing trend from baseline (lowfat/low-carbohydrate group, 111 ⫾ 35.8 pg/ml;
regular chow group, 126 ⫾ 23.9 pg/ml; high-fat/
high-carbohydrate group, 153 ⫾ 36.3 pg/ml; baseline group, 104 ⫾ 23.1 pg/ml; p ⬎ 0.05 by twotailed, unpaired t test) (Fig. 5).
Adiponectin levels did not demonstrate any
significant change with liposuction or diet by two-
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Fig. 5. Leptin levels, day 42 (high-fat/high-carbohydrate group, n ⫽ 10; regular chow group, n ⫽
9; low-fat/low-carbohydrate group, n ⫽ 10; baseline group, n ⫽ 5). The star signifies statistical
significance for the baseline level versus the other three groups by two-tailed, unpaired t test. The
T-bar above the rectangle signifies standard deviation.

Fig. 6. Adiponectin levels, day 42 (high-fat/high-carbohydrate group, n ⫽ 10; regular chow group,
n ⫽ 9; low-fat/low-carbohydrate group, n ⫽ 10; baseline group, n ⫽ 5). The T-bar above the rectangle signifies standard deviation. There was no statistically significant difference between groups
by two-tailed, unpaired t test.

tailed, unpaired t test with Bonferroni correction
for multiple comparisons (Fig. 6).

DISCUSSION
When Dr. Yves-Gerard Illouz introduced liposuction in 1974, he could not have predicted that
it might become a therapy to treat obesity, diabetes, and cardiac disease.32 Giese et al.28 presented
one of the initial studies demonstrating improved
cardiac profiles in patients undergoing high-volume liposuction. The results of the study presented here may support these beneficial effects.
The fact that the triglyceride levels were significantly higher and the cholesterol levels were
significantly lower in the high-fat/high-cholesterol group indicates how the Zucker rat metabolizes excess fat in the diet. This concurs with a
prior study demonstrating that male obese Zucker
rats do not overproduce cholesterol.33 Triglycerides are the dominant form of lipid expressed in

the Zucker rat following a high-fat/high-carbohydrate diet.
Ghrelin administration to humans has been
shown to increase hunger and food intake.17 Patients who sustain massive weight loss after gastric
bypass surgery have ghrelin levels lower than those
of matched obese or lean controls.34 After liposuction in the Zucker rats, all groups demonstrated a decrease in ghrelin levels. Therefore,
liposuction may promote further weight loss by
decreasing appetite and food intake via lower circulating ghrelin levels. Ghrelin levels were not
significantly affected by a difference in diet.
After liposuction, leptin levels increased in all
groups, possibly because of liberation of leptin
from the subcutaneous fat stores. Interestingly,
studies have demonstrated that leptin administered to leptin-deficient mice reverses obesity or
causes leanness in normal mice.35,36 Liposuction
leading to elevated leptin levels may therefore pro-
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vide a protective effect beyond thinning subcutaneous fat layers. These data contrast with the previously published liposuction study in humans that
demonstrated an acute decrease in leptin 1 week
after liposuction. In the present study, leptin levels
also increased as the amount of fat and carbohydrate in the diet was augmented, possibly indicating a feedback mechanism to the brain to regulate
fat intake.
Adiponectin was not significantly affected by
either diet or liposuction. This is seemingly unusual, since the other fat hormones did appear to
change in response to liposuction and/or diet.
The literature supports the lack of effect on adiponectin. Despite alterations in adiponectin levels
with massive weight loss, Ryan et al. found no
effect on serum adiponectin levels with moderate
weight loss in obese women.37,38 A study investigating postprandial adiponectin levels found no
alteration in response to a fat meal.39 Further, a
study utilizing Zucker rats reported the significance of studying visceral fat over subcutaneous fat
with regard to adiponectin.40 Furthermore, the
complexity of hormonal interactions coupled with
physiologic changes makes it difficult to isolate
effects on a single hormone, particularly since the
effects may be secondary to regulatory mechanisms and not direct.
This study is preliminary and only provides a
glimpse into the realm of liposuction and its effect
on obesity-related hormones. Human studies are
required to delineate hormone levels before and
after liposuction, and peripheral administration
and/or blockade of specific hormones may augment the fat-reducing effects of liposuction. This
study opens the door for more research defining
the possible therapeutic role of liposuction in the
treatment of obesity.

CONCLUSIONS
We have shown decreased ghrelin and increased leptin levels after liposuction in obese
Zucker rats. Adiponectin levels were not affected.
Liposuction may prove to offer patients medically
therapeutic benefits through hormonal alterations. Although a high-fat/high-carbohydrate
diet elevated circulating triglyceride levels, it did
not adversely affect fat-related hormone levels,
possibly through a protective effect that liposuction provides. Lastly, we have shown that diet plays
an important role in weight gain after liposuction.
Animals consuming a diet low in fat and cholesterol had lower weight gain compared with those
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animals consuming a diet of regular chow and
those consuming a diet high in fat and cholesterol.
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