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Table 1. Average daily food intake (g and/or kJ) of control, MSG-treated and DIO male and female NMRI and C57BL/6 mice
Obesity model Strain Group Sex
Male Female
NMRI Control 7.72+0.76 g 649+0.67 g
MSG MSG 580+0.73 g 6.15£048 ¢
C57BL/6 Control 4.07+0.16 g 396+£0.29 ¢
MSG 362+023 g 375£030¢g
Control 7.00+045¢g 582+0.14¢
NMRI (99.67 £ 6.74 kJ) (82.94 £2.82 kJ)
DIO 734+£054 ¢ 453+0.16¢g
(163.01 +£8.61 kJ) * (100.68 +4.39 kJ)
DIO
Control 4.07+023 ¢ 348+0.14 g
C57BL/6 (57.92 £1.62kJ) (49.62 £1.29 kJ)
DIO 355+027¢ 3.14+023 g

(78.82+2.82KkJ) % (69.69 +2.96 kl) *

All values are expressed as mean = SEM (n = 20-25 per group). Significance is * P<0.05 (mouse model of obesity vs. respective

control).

accumulated subcutaneous, abdominal and gonadal fat
and showed dramatically enhanced fat and body weight
(Table 2). The liver weight was insignificantly lowered in
the MSG obese females and males of both strains, partial
steatosis was seen in all MSG animals (Table 2).

All non-fasted mice with MSG obesity had
massively increased leptin levels in their blood sera
(Fig. 2a,b). NMRI male mice with MSG obesity developed
extreme hyperinsulinemia (Fig. 2a); this was in agreement
with their HOMA index (Table 3), which was dramatically
enhanced in MSG NMRI males compared with their
controls (241.9+59 vs. 8.5+0.6) (Table 3). HOMA index is
an indicator of relative insulin resistance and was
calculated from glucose and insulin levels after 17-h
fasting. Insignificantly enhanced HOMA index was also
registered in MSG females of both strains (Fig. 2b,
Table 3). However, in fed MSG females of both strains,
glucose level did not differ significantly from controls,
although insulin level was significantly elevated (Fig. 2b).

DIO obesity

As shown in Table 1, the amount of food
consumed per day by DIO and control C57BL/6 mice did
not differ significantly, but logically, energetic intake was
higher in mice fed with HF diet compared with controls
consuming standard diet, except of NMRI females
(Table 1). NMRI mice of both sexes on HF diet (Fig.

lc,d) did not show any significant alterations in their
body weight during development of DIO compared with
their controls. Female C57BL/6 mice with DIO had
significantly increased body weight compared with their
controls since 6 weeks on the HF diet, i.e. since 13 weeks
of age (Fig. 1d). The increase in body weight of C57BL/6
males was insignificant compared with their controls.

Both male and female C57BL/6 mice with DIO
excessively accumulated subcutaneous, abdominal, and
gonadal fat (Table 2); after 12 weeks on HF diet the fat to
body weight ratio was substantially enhanced (percent of
body fat ratio was 3.7+1.14 for male controls and
10.76+2.74 for DIO males; 2.33+0.38 for female controls
and 12.04+4.78 for DIO females, P<0.01 for both males
and females). In DIO C57BL/6 females, liver had
significantly pronounced steatosis (Table 2). On the
contrary, increase in fat weight was not significant in
NMRI DIO mice of both sexes after 16 weeks on HF diet
(Table 2).

Leptin and glucose levels but not insulin level
were significantly enhanced in C57BL/6 mice of both
sexes with DIO (Fig. 2a,b). Significant increase in insulin
level was registered only in female C57BL/6 mice but
was not accompanied with an increase in HOMA index.
Metabolic parameters of NMRI mice with DIO did not
show significant differences compared with lean controls,
except of glucose level in females (Fig. 2b).
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Table 2. Characterization of control, MSG-treated and DIO NMRI and C57BL/6 mice subjected to 17 h fasting at 16 weeks (for MSG) or

at 23 weeks (for DIO) of age

Obesity model Strain Sex Group Body weight Fat weight Liver weight
(€] (® (@
Male — Control — 44.7+1.54 0.50 +0.25 1.82+0.24
NMRI MSG  46.7+3.03 454+0427"" 1.53+0.10
Female  Control 36.7+2.03 0.54 +0.05 1.50+0.14
MSG 43.4+275"" 464038 """ 1.20+0.09
MSG
Male Control 30.9+0.90 0.43 +0.06 1.20+£0.15
CS7BL/6 MSG 323+ 1.10 435+032" 1.06 £ 0.13
Female  Control 23.9+4+0.57 0.33+0.05 1.23+0.13
MSG — 334+0927" 6.25+042 """ 111£0.11
Male — Control ~ 47.3+0.99 0.82+0.19 1.88+0.11
NMRI DIO  46.7+0.50 3.56+ 0.90 2.06+0.12
Female  Control 34.5+0.19 1.19 £ 0.43 1.35+0.09
DIO 3544105 1.91+0.11 1.50 + 0.02
DIO
Male Control 29.6 £0.52 0.61+0.19 1.20+£0.15
C57BL/6 DIO  31.1+0.96 1.88+0.46 1.11+0.08
Female  Control 21.3+0.19 0.49 +0.07 1.01+0.11
DIO  303+1.14""F 397062 " 113 £0.07

All values are expressed as mean + SEM (n = 20-25 per group). Significance is ** P<0.01 and *** P<0.001 (mouse model of obesity

vs. respective control).

Discussion

MSG obesity

In mice with MSG-induced obesity, the number
of cells was decreased by 75 % in the ARC, but it was
unchanged in other hypothalamic areas (Elefteriou et al.
2003). The relationship between MSG-induced damage
of the ARC and the metabolic changes that produce
obesity at mild hypophagia is poorly understood, one of
the basic factors is probably the lack of leptin receptors in
ARC (Dawson ef al. 1997). In this study, MSG treatment
of both NMRI and C57BL/6 males resulted in massive
enhancement of adipose tissue despite an insignificantly
lower food intake and no significant difference in body
weight compared with their respective controls. On the
other hand, female mice of both strains significantly
increased their body weight after the MSG treatment. At
16 weeks of age, fat to body weight ratio of C57BL/6
mice was about 10 times (males) to 20 times (females)
higher compared to control mice, whereas in NMRI
strain, it was about 8 times higher than in controls both in

males and females. Our findings are in agreement with
previous data on C57BL/6 mice with MSG obesity
(Matsuki er al. 2003, Hollopeter et al. 1998). Although
the liver had obvious steatosis, its weight was lowered
most probably because of lower production of GHRH
resulting in smaller organs similarly as it was described
for pituitary and gonads (Tamura et al. 2002).

Markedly elevated leptin levels in both MSG
obese C57BL/6 and NMRI mice pointed to a severe
hyperleptinemia, which was more pronounced in females
whose leptin level is usually higher than in males. In fed
NMRI mice, levels of insulin and glucose were enhanced,
but those after 17 h of fasting persisted only in NMRI
MSG male mice. It is evident from HOMA index, which
was 28 times higher for MSG males compared with lean
controls, that the male NMRI mice were more prone to
insulin resistance than the female ones and C57BL/6
mice of both sexes. C57BL/6 mice with MSG obesity of
both sexes did not show significantly elevated levels of
glucose and insulin, unlike Matsuki et al. (2003) who
found elevated insulin level in C57BL/6J male mice.
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Fig. 2. Serum leptin, insulin and glucose levels in fed a/ male and b/ female NMRI and C57BL/6 mice with MSG obesity and DIO and
their controls (n = 10-15 per group). * P<0.05, ** P<0.01 and *** P<0.001 (mouse model of obesity vs.respective controls).

Table 3. Metabolic parameters of control and MSG-treated NMRI and C57BL/6 mice mice subjected to 17 h fasting at 16 weeks of age

Strain Sex Group Glucose (mmol/l) Insulin (ng/ml) HOMA
Male Control 5.55+1.88 0.20+£0.04 8.5+0.6
NMRI MSG 9.50+2.56 331+3.00 241.9+59.0
Female Control 5.65 £0.86 0.33+£0.10 9.2+0.1
MSG 5.75+0.94 0.52+0.10 147+1.3
Male Control 3.48 +0.54 0.38 £0.09 102+0.4
C57BL/6 MSG 3.19+0.55 0.65+0.31 159+1.3
Female Control 4.59+0.28 0.26 +0.02 143 +0.7
MSG 298 +0.75 0.64 +£0.23 23.0+0.7

All values are expressed as mean = SEM (n = 10-15 per group). Significance is * P<0.05, ** P<0.01 and *** P<0.001 (mouse model

of obesity vs. respective control).

C57BL/6 mouse strain is widely used for
development of diet-induced obesity (Lee er al. 2005,
Thupari et al. 2004, for review see Buettner et al. 2007).
Lin et al. (2000) described that DIO C57BL/6 male mice
showed increased body weight, adiposity and leptin and
developed leptin resistance after 19 weeks on HF diet.

However, they were later divided into obesity-resistant
(without changes in body weight after HF diet) and
obesity-susceptible groups (Huang et al. 2003). In this
study, C57BL/6 male mice with DIO obesity did not
show a significant increase in their body weight
compared with their lean controls (about 1.5 g, Table 2)
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although their increase in fat weight was significant
(increase about 1.3 g, Table 2) and corresponded to the
increase in body weight. It means that the lean weight
remained unchanged. Park er al. (2005) also found no
change in lean mass at an increased fat mass in C57BL/6
mice after 20 weeks on HF diet. However, their study
lacked the data between 5 and 20 weeks on HF diet.
Unlike males, female C57BL/6 DIO mice in our study
substantially increased body weight already after 5 weeks
on HF diet (in agreement with Huang et al. (2003)) and
accumulated seven times more adipose tissue. Both
C57BL/6 females and males significantly increased leptin
and glucose level compared with their lean controls, but
only females had also significantly elevated insulin level.
HOMA index in all fasted DIO mice did not show any
significant difference from that of fasted controls.

HF diet up to 6 months did not significantly alter
body weight in female NMRI mice (Huang et al. 2003).
In our study, NMRI DIO mice of both sexes did not show
any changes in anatomical and metabolic parameters,
except of elevated glucose level in males.

Conclusions

The early-onset MSG obesity resulted in
substantially increased fat to body weight ratio in both
strains and both sexes. MSG obese males and females of
both strains had dramatically increased leptin levels
resulting from attenuated leptin signaling in ARC and
being a good model of ARC-located leptin resistance.
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