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Liraglutide: the therapeutic promise from animal models

Weight loss

Background

A large proportion of patients with type 2 diabetes
are overweight or obese, and it is estimated that even
a modest weight loss of 1 kg will result in decreases
in fasting plasma glucose of 0.2 mmol/l1 (15). In
humans, GLP 1 enhances satiety, resulting in weight
loss (16,17). The mechanism for GLP 1 induced low
ering of body weight may involve both gastric emp
tying and an effect in the brain.

Importantly, preclinical data also reveal key differ
ences between GLP 1 receptor agonists and DPP 4
inhibitors in terms of their effects on body weight.
Only GLP 1 receptor agonists mediate reduced food
intake and weight loss (7,18,19). This corresponds
with clinical data showing weight loss with the
GLP 1 receptor agonists, but weight neutrality with
the DPP 4 inhibitors*. Preclinical data further show
that although the effects of GLP 1, liraglutide and
exenatide on insulin release are glucose dependent
(see earlier), their effects on appetite regulation are
not (18).

Liraglutide in normal rats and rat models

The effects of liraglutide on food intake and body
weight were investigated in normal rats. Investiga
tions were also undertaken in a number of rat mod
els: rats made obese by neonatal exposure to
monosodium  glutamate; female rats showing
increased food intake, weight and fat gain, and
impaired mean glucose tolerance after receiving
olanzapine; candy fed rats showing increased calorie
consumption; ZDF rats with insulin resistance
(11,12,18 21). These studies showed that liraglutide
reduced food intake, body weight, fat mass and glu
cose tolerance. Body weight was lowered by a mecha
nism involving mainly lowered energy intake, but
also potentially altered food preference and main
tained energy expenditure despite weight loss. The
findings are exemplified below by the studies in
candy fed and ZDF rats.

The effects of liraglutide and vildagliptin on body
weight and food intake were compared in candy fed
rats (18). First, the rats were fed chow and supple
mentary candy, which resulted in increased weight
(mostly attributable to an increase in fat mass) and a
slight increase in feeding associated energy expendi
ture. Over the following 12 weeks, mean body
weights returned to normal in rats who received lira
glutide (0.2 mg/kg bid s.c.) alongside supplementary
candy and also in rats reverting to a chow only diet.

*McGill JB. Liraglutide: effects beyond glycaemic control in diabetes treatment. Int
J Clin Pract 2010; 64 (Suppl. 167): 28 34.

Most of the weight loss in the liraglutide group was
attributable to a relative decrease in fat mass,
assessed by dual energy X ray absorptiometry. As
expected, there was no increase in plasma insulin
levels in the liraglutide group to mediate the weight
loss, as the effect of liraglutide on insulin release is
glucose dependent (see earlier) and these rats were
normoglycaemic. Instead, the weight loss seems likely
to have resulted from the decreased calorie intake,
with a shift in favour of chow over candy, and raised
energy expenditure. In contrast, the vildagliptin
(10 mg/kg bid orally) + supplementary candy group
gained weight over the 12 week period, as did the
group continuing to receive no treatment + supple
mentary candy. Furthermore, whole body fat masses
at end point were significantly higher in these two
groups compared with the liraglutide + candy group.

In a 6 week study of ZDF rats, animals receiving
liraglutide (150 pg/kg bid s.c.) had a significantly
reduced mean daily food intake compared with rats
receiving vehicle (11). The increase in mean body
weight was also significantly less for the liraglutide
group compared with the vehicle group after
10 days. Although the between group difference had
disappeared by day 42, this reflected the reduced loss
of calories attributable to glycosuria in the liraglutide
group.

In older and more overtly diabetic ZDF rats, treat
ment with liraglutide (200 pg/kg bid s.c.) for
6 weeks was associated with significantly decreased
daily food intake and body weight and some reduc
tion in fat depots compared with vehicle (12).

Liraglutide in a minipig model

Weight loss studies were also conducted in minipigs.
Obesity and feeding behaviour in these animals more
closely resemble those of humans than those of
rodents. Pigs mainly eat in meals during the light
period and do not eat in the dark period; they also
show increases in body fat that resemble humans,
which rodents do not unless they have a severe
monogenic form of obesity. Liraglutide reduced food
intake and body weight in severely obese, hyper

phagic minipigs (22). Mean food intake was greatly
reduced during 7 weeks of treatment with liraglutide
(7 ng/kg qd s.c.) compared with pre and post treat

ment periods (Figure 6A) and mean body weights
were generally stable before treatment, but decreased
during treatment (Figure 6B).

Beta-cell regulation
Background

The progressive loss of beta cell function ultimately
drives the continuing deterioration in glycaemic
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bearing kidneys of animals treated with liraglutide
was significantly lower than that in control mice after
48 h (24). Liraglutide was also associated with a
reduced time to achieve normoglycaemia and better
long term glycaemic control than vehicle (24), sug
gesting therapeutic potential for liraglutide in islet
transplantation.

Normal rats and rat models. In two 6 week studies
of ZDF rats with insulin resistance and beta cell
defects, there were no significant differences between
liraglutide (30 or 150 pg/kg bid s.c.) and vehicle
groups for beta cell proliferation (11). However,
beta cell mass was significantly greater for two of the
three liraglutide groups compared with respective
vehicle controls. Importantly, in non diabetic rats,
the mean beta cell mass was significantly greater in
the group treated with liraglutide 200 pg/kg bid s.c.
for 1 week than in the group receiving vehicle, but
beta cell mass was normalised after a total of 6 weeks
of treatment (20), suggesting that effects in normo
glycaemic animals are temporary.

In vitro work. The stimulatory effect of liraglutide
was demonstrated in a study of primary monolayer
cultures of newborn rat islet cells incubated with
GLP 1, glucose dependent insulinotropic polypeptide
or liraglutide for 24 h (25). The incorporation of
bromodeoxyuridine, a measure of DNA synthesis,
was 50 80% above the basal rate in all cases. A GLP
1 receptor mechanism was implicated as the effect
was blocked with the antagonist exendin(9 39).

An inhibitory effect on beta cell apoptosis in vitro
was apparent in two separate studies (26,27). Liraglu
tide had a dose dependent protective effect on cyto
kine and free fatty acid mediated beta cell apoptosis
in primary neonatal rat islets, and the effect was sig
nificantly better for liraglutide than native GLP 1
(26). Again, a GLP 1 receptor mechanism was impli
cated as the effect was blocked with exendin(9 39).
Liraglutide also reduced beta cell apoptosis in por
cine islets in culture prior to transplantation (27).
The rate of beta cell apoptosis at 24 h in cultures
incubated with liraglutide was halved compared with
cultures incubated with vehicle.

Cardiovascular function

Background

As GLP 1 receptors are expressed in the heart, vas
cular smooth muscle and regions of the central ner
vous system that regulate the cardiovascular system,
there is clinical interest in GLP 1 based therapies for
patients with diabetes who are in poor cardiovascu
lar health. However, there are currently few preclini
cal studies into the effects of GLP 1, and the
mechanisms underlying the effects are poorly under

stood. To date, preclinical studies have shown that
GLP 1 receptor agonists have cardioprotective effects
and reduce blood pressure in hypertensive rats
(23,28 31). Studies also show that both GLP 1 and a
metabolite, GLP 1(9 36), mediate effects via GLP 1
receptors and also independently of them (32).

Cardioprotective effects with liraglutide

The most extensive preclinical investigation with lira
glutide has been conducted in a mouse model of
myocardial infarction (33). Pretreatment with liraglu
tide [200 pg/kg intraperitoneally (i.p.)] for 7 days
increased cardiomyocyte survival and improved car
diac function compared with controls. These effects
were not an indirect effect of weight loss, as
increased survival was also apparent at a weight
neutral lower dose (75 pg/kg i.p.).

Conclusions

An extensive series of preclinical studies have
revealed considerable potential benefits for liraglutide
in the treatment of type 2 diabetes. Good glycaemic
control was mediated by the glucose dependent stim

ulation of insulin and suppression of glucagon secre

tions, and also by delayed gastric emptying.
Moreover, liraglutide showed positive effects on
beta cell preservation and mass and on cardiac func

tion. Although these benefits were also apparent with
other incretin based therapies, exenatide and liraglu

tide stand apart in offering the potential to reduce
body weight, a key concern in the management of
type 2 diabetes. Of these two agents, liraglutide is
longer acting than exenatide and is dosed only once
daily compared with twice daily for exenatide. Clini

cal data indicate that liraglutide has a better glycae

mic efficacy than exenatide despite the once daily
dosing (see Raskin and Mora in this supplement*).
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