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Effects of Intracerebroventricular Injection of Recombinant Leptin
on Food Intake, Body Weight and Blood L ipids in Diet-induced Obese Rats
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Abstract :  Objective  To invegtigate the dfects of intracerebroventricular irjection of recombinant murine letin on the food
intake, body weight and blood lipidsin diet-induced obese rats and norma rats. Methods Mae SD rats were put on a standard diet
(n=15) and high-nutrition diet (n=20) for 7 weeks. After 7 weeks, the rats received cannulas inplanted into the right latera
ventrices. Allowed 7 days to recover , the rats received an intracerebroventricular irfjection of recombinant murine leptin (5M g/ rat)
for 5 days. On each test day , the body weight and food intake were measured before the irjection. Blood lipids were measured ater
the experiment. Results The body weight of the ratson the high-nutrition diet was more sgnificantly increased than that in the
normal rats. At the end of the 7" week , the body weight of each group was (342. 05 +39.27) gand (302.87+31.93) g ( P <
0.01) , with anincrease of (270.00+39.99) gand (226.13+30.04) g ( P <0.01) , reectivdy. In the diet-induced obese rats,
theinhibition of body weight and food intake was observed ater the intracerebroventricular Igtin injection on the 1st day, more
sgnificant on the 5" day [body weight from (336.3+52.1) gto (287.9+53.4) g ( P <0.01) , and a decrease of (48.4+17.9)
g; food intakefrom (35.6+13.7) gto (21.1+11.8) g ( P <0.01) , adecreaseof (14.6+4.8) g]. But in the normal group , the
effects were observed on the 3rd day [ body weight from (294.5+29.9) gto (269.5+30.9) g ( P <0.05) , adecreaseof (25.0+
17.8) g; food intakefrom (31.0+3.5) gto (25.6+3.6) g ( P <0.05) , adecreaseof (5.3+3.3) g]. In the obedty group
with leptin administration, thelevelsof TC, TGand L DL-C decreased more sgnificantly than thosein the norma control group [ TC
(1.51£0.27) mmol/L vs. (2.22+0.36) mmol/L , P <0.01; TG (0.43+0.06) mmol/L vs. (0.76+£0.17) mmol/L ; LDL
(0.47+0.12) mmol/L vs. (0.86+0.20) mmol/L , P <0.01]. But there was no obvious change of HDL-C in any of the groups.
Conclusions Recombinant Ieptin could reduce the body weight and blood lipids, and inhibit the food intake in dietinduced obese rats
ater intracerebroventricular injection, and a had a certain efect on normd rats.
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With the improvement of living standard , obes- al. , opening afloodgate of research into the biologica
ty in childhood, the prevaence of which has been meaning of this 167 amino acid peptide?. Leptin,
progressvely increasng worldwide, is closely asoci- the product of the obese gene, is an adipocyte derived
ated with the increased morbidity and mortaity cytokine and functions as a periphera sgnal to the
caused by severa of the most common diseases in brain to regulate food intake , body weight and energy
adults, including diabetes, hypertendon, cardiovas metabolism. In ob/ob mice, which are markedly hy-
cular diseases and cancer!™. The pat hogenes s of obe- perphagic and obese, the obes gene is mutated and
gty remains largely unknown, but research on its no leptin is produced; when given leptin, they stop
pathophysiology has recently intensfied, largely be-  eating and lose weight!®!. Asis reported, serum lep-
cause the cloning of the obese gene and the identifica tin concentration and the levels of ob mRNA in adi-
tion of its gene product , leptin, in 1994 , by Zhang et pose tissues in obese humans or diet-induced obese
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ratsor mice are elevated , and there is a strong pos-
tive correlation between serum leptin concentrations
and the percentage of body fat , the body-massindex ,
which suggests that obesty may be asociated with
leptin resstance. Meanwhile, human obesty does not
generaly appear to be asociated with mutations in
the genes encoding leptint®
obese gene can be returned to normal weight by the
administration of recombinant leptin, but its effects
in diet-induced obese rats and normal rats are ill un-

. Mice with a mutation

clear. Therefore, the amsof the present study were
to invegtigate the effectsof intracerebroventricular in-
jection of recombinant murine leptin on body weight ,
food intake and blood lipidsin diet-induced obese rats
and norma rats, to study the mechanism of obesty
and the future clinica theragpy of recombinant leptin,
and develop nove thergpeutic approachesfor obesty.

1 Materialsand Methods

1.1 Preparation of obese rat modes

Weanling Srague-Dawley mae rats (obtained
from Jiangsu Experimenta Anima Center) at 4 5
weeks of age were randomly divided into two groups,
the normal group (n=15, 75.40 g+ 11.38 g) and
the obese group (n=20, 72.05 g+12.53 g). They
were housed individualy in metabolic cages with a
congtant temperature (18 20 ) and 12 h of light
and 12 h of darknessper day. The 15 ratsin the nor-
mal groups were given a standard diet and the 20 in
the obese group were fed with a high-nutrition diet
for 7 weeks. Each kilogram of high-nutrition diet
contained 80 % standard chow , 2 eggs, 12 % milk
powder , 3% grease, and 1 milliliter of codliver oail.
Clean water was available ad libitum as reported by
Qian Bo-Chu and modified!®!.
1.2 Right lateral ventricular annulization

After 7 weeks, the ratsin the norma and obese
group were randomly divided into 2 groups again (the
control group and the group with leptin administra
tion) , repectively. All rats except those in the nor-
mal and obese control group were implanted with a
gainless sted cannula (external diameter =0.8 mm,
internal diameter =0.5 mm, obtained from Profesor
Hu Gang) into the right lateral ventricle under sodi-

um pentobarbital anesthesa (5 mg/ 100 g of body
weight, administered i. p) as described by Noble
CP®!. Briefly, the rats were postioned and the cra-
nial bone was exposed. The cannula was postioned
1.5 mm behind the bregmaand 1.5 2.0 mmon the
right of the midline and was lowered 3.5 4.0 mm
under the crania bone.
1.3 Adminigration

The rats were dlowed to recover for goproxi-
mately one week. Then they received an intracere-
broventricular injection of 54 g leptin at 10: 00 per
day for 5 consecutive days. On each experiment day ,
the body weight and food intake were measured be-
fore the first injection!”).
1.4 Blood lipids(TC, TG, HDL-C, LDL-C) mea-
surement

At the time of sacrifice, blood samples were di-
rectly collected by cardiopuncture and centrifuged at
2000 rpm for 20 minutes. Serum was stored at -
20 . TC, TG, HDL-C were detected by usng the
standard kitsand LDL-C = TC- (TG 5+ HDL-C)
as described previoudy.
1.5 Satigtic analysis

All the data were shown as mean (SE) for the
groupsof rats. The efects of leptin on food intake,
body weight and blood lipids between the control and
leptin-treated groupsor norma and obese groups were
analyzed usng Student’ st test and paired Student’ s t
test.

2 Results

2.1 Changesin body weight 7 weeksafter the high-
nutrition and normal diet

During the experimental process, the rats’
weight was measured weekly. There was no differ-
ence between the two groups before the experiment.
From the second week to the end, the body weight of
the rats given the high-nutrition diet was more sgnif-
icantly increasng than that of the normal rats. At the
end of the seventh week , the body weight of each
group was (342.05 + 39.27) g and (302.87 *
31.93) g ( P <0.01) , with an increase of (270.00
+39.99) g and (226.13+£30.04) g ( P <0.01) ,
regectively (Figure 1) .
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2.2 Changes in body weight and food intake after
the leptin intracerebroventricular injection

In the diet-induced obese rats, the inhibition of
body weight and food intake wasobserved on thefirst
day &ter the intracerebroventricular leptin injection,

400 Cinormal and it was more dgnificant on the fifth day [ body
_or Motee weight from (336.3+52.1) gto (287.9+53.4) g (
: :zz P <0.01) , with a decrease of (48.4 *17.9) g;
2 Lol food intakefrom (35.6+13.7) gto (21.1+11.8) g
g 150 - ( P <0.01) , with a decrease of (14.6 +4.8) g].

100 - But in the norma group, the &fects were observed

sor —L- ater 3 days [ body weight from (294.5 +29.9) g to

T ek 7wesks (269.5+30.9) g ( P <0.05) , with a decreas of
Figure 1 Changesin body weight 7 weeks after high-nutrition (25.0+17.8) g; food intakefrom (31.0+3.5) gto
and normd diet ( x = s, Q) (25.6 £+3.6) g ( P <0.05) , with a decrease of
(5.3+3.3) g](Table 1, 2).
Table 1 Changesin food intake ater leptin intracerebroventricular irjection (x*s,0
After Injection
Group n Before Injection Decrease
1d 3d 4d 5d

Normal 6 31.0£3.5 27.3+5.6  28.5%3.5  252%4.3 253+3.4° 256+3.6° 25%17.8

Obese 11 35.6+13.7 32.8+13.6° 30.9+13.5" 27.3+13.3° 23.8+12.3° 21.1+11.8" 48.4+17.9°

a vsBeore Injection, P <0.05;

b vs Before Injection, P <0.01;

cvsNormd, P <0.01

Table 2 Changesin body weight &ter Ieptin intracerebroventricular irjection (x*+s,0
After Injection
Group n Before Injection Decrease
1d 3d 4d 5d
Normad 6 294.5+29.9 303.0+31.3 300.3+35.4 290.3+39.3 289.8+46.2 269.5+30.9% 25+17.8
Obese 11 336.3+52.1 329.9+59.8% 321.8+57.3" 309.5+55.2° 297.9+56.2° 287.9+53.4"48.4+17.9°

a vsBefore Injection, P <0.05;

2.3 Comparison of serum lipids in each group

In the obesty group with leptin administration,
the levelsof TC, TG, LDL-C decreased more sgnifi-
cantly than those in the norma control group [ TC
(1.51+£0.27) mmol/L vs. (2.22+0.36) mmol/L ,

Table 3 Comparison of serum lipidsin each group

b vs Before Injection, P <0.01;

cvsNormd, P <0.05

P <0.01; TG (0.43+£0.06) mmol/L vs. (0.76
0.17) mmol/L; LDL (0.47 £ 0.12) mmol/L vs.
(0.86£0.20) mmol/L , P <0.01]. But there was
no obvious change in HDL-C in any of the groups
(Table 3)

(x £s, mmol/L)

Group n TC TG HDL-C LDL-C
Control 5 1.54+0.19 0.37+0.09 0.97+0.19 0.49+0.21
Norma
Leptin 6 1.57+0.42 0.31+£0.06 0.93+0.30 0.58+0.21
Control 5 2.22+0.36 0.76+0.17 1.21+0.23 0.86+0.20
Obese
Leptin 9 1.51+0.272 0.21+0.03%0¢ 1.00+0.24 0.47+0.08%

avc Obese Control , P <0.01; b vsNormd Control, P <0.01;

c vs Normd Leptin, P <0.01



3 Conclusions

As has been described previoudy , leptin plays an
important rolein variousphysologic and pathophyso-
logic states, egecidly in the pathogenes s of obesty
and isthought to mediate the neuroendocrine reponse
to food deprivation as a satiety factor. Leptin could
reduce food intake, and increase energy expenditure
to regulate body weight and body fat mass?!. Asre
ported by Van Heek[®! | the highfat diet-induced
obese rats exhibited plasma levelsof leptin and the ex-
presson of obese gene mRNA in adipose tissues
D it
suggested that high-level endogenous leptin failed to

rased, dmilar to the smple obese humant®!.

control body weight and food intake and leptin reds
tance can result in obedty. This study therefore ex-
amined whether high-nutrition diet-induced obese rats
and normal rats could depress food intake and reduce
body weight and blood lipid levels when injected into
the latera ventricle with recombinant leptin. This
approach tests the anti-obedty effect of exogenous
leptin at centrd dtes, independent of any alternations
in the trangort of circulating leptin into the centra
nervous system. In this study, in the diet-induced
obese rats with intracerebroventricular injection of re-
combinant leptin, the body weight and food intake
were decreased on thefirst day , and more dgnificant
on thefifth day. Moreover , in the norma group , the
inhibitive effects were observed 3 days ater leptin ad-
ministration.

Recent studies have suggested that leptin should
act by a gecific leptin receptor in the hypothalamus,
then activate the JAK-STAT dgnding pathway and
alter the expresson of many hypothaamic neuropep-
tides, such as neuropeptide Y (NPY) and Corti-
cotropin releasng hormone (CRH) 1'%, It is suggest-
ed that in this study , &ter an ICV bolus injection of
leptin in obese and norma rats, leptin may permeate
into the arcuate nucleus and paraventricular nucleus of
the hypothalamus, then combine its receptor and reg-
ulate the expresson of those target genes by the sg-
naling pathway. Ob/ob mice are a genetic obese mod-
e of hyperphagia, hyperglycemia, obesty and high-
level NPY in the arcuate nucleus. A bolus of leptin,

giveninan ICV or i.p. injection, can improve these
symptoms and decrease the concentration of NPY!!
This study demonstrates that exogenous recombi nant
leptin with centra administration can reduce body
weight and blood lipids and inhibit food intake to im-
prove leptin resstance, and a9 have a certain efect
on normal rats. It ispossble that leptin redstance can
be explained by the abnormal expresson of leptin re-
ceptor ioforms, but enough leptin can regulate the
expresson and distribution of leptin receptor isoforms
in the hypothaamus, resulting in a reduction in body
weight in diet-induced obese rats. This study as
demonstrates that the secretion of serum lipids (TC,
TG, LDL-C) in the rats given a high-nutrition diet
was more sgnificantly incread ng than that in the nor-
mal rats. The increase of blood lipids was partly at-
tributable to the addition of greasein the diet and the
increase of body weight , which could increase the inr
take of cholesterol and saturated fatty acid in the liver
to raie the synthess of cholesterol , triglyceride and
VLDL , and inhibit the synthess and activity of LDL
receptor!*?,
ICV decreased the secretion of serum lipids (TC,
TG, LDL-C) in high-nutrition diet-induced obese
rats, smilar to the normal control and leptin-treated

In addition, an injection of leptin by

rats It is posdble that leptin could not only reduce
the body weight , improve the metabolism of lipids,
but als enhance the insulin senstivity , diminate the
insulin resstance to inhibit the synthess of VLDL
and increase the clearance of VLDL and LDL!!.
However , in this sudy , no sgnificance in HDL-C in
the obese and norma rats was found. These data are
not in line with other studies showing the changes of
HDL-C. Thes goparent differences need further
study in the future.

With further studies on leptin mechanism, ex-
ogenous leptin will open new posdhbilities for the
treatment of obesty.
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