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Insulin glargine has a long duration of effect following
administration either once daily or twice daily in divided
doses in healthy cats
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The pharmacological effects of glargine administered once or twice daily were
compared in six healthy cats. A two-way crossover study was performed with
insulin and glucose concentrations measured following subcutaneous
administration of glargine once daily (0.5 U/kg) or twice daily (0.25 U/kg,
repeated after 12 h). Nadir glucose concentration and mean daily glucose
concentration did not differ significantly following insulin administration once
daily or twice daily in divided doses. Time to reach last glucose nadir differed,
with longer intervals occurring following twice daily dosing. Blood glucose
failed to return to baseline concentration by 24 h in three of six cats in each
treatment group. Insulin variables were not significantly different following once
or twice daily dosing. This study in healthy cats demonstrates that glargine has
a long duration of action with carry-over effects to the next day likely, regardless
of dosing regimen. A study in diabetic cats is required to determine the best
dosing regimen.
Date accepted: 12 May 2008 � 2008 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
I
nsulin therapy is the most effective method
of obtaining glycaemic control in diabetic
cats. Many different insulin preparations

are commercially available, with differing blood
glucose-lowering potency, duration of effect
and rate of absorption (Rand and Marshall
2004). Most insulins provide less than ideal gly-
caemic control in cats, mainly because of their
short duration of effect. Results from recent
research suggest that the long-acting insulin glar-
gine, when administered twice daily and com-
bined with a low carbohydrate diet, provides
better glycaemic control and reduced risk of clin-
ical hypoglycaemia compared to insulin with
intermediate duration of activity (Marshall and
Rand 2005).

Glargine is a synthetic human insulin analogue
with very long duration of action. Designed for
once daily administration in humans, glargine
is marketed as long-acting and ‘peakless’ with
respect to its glucose-lowering effect. Glargine
7-3365-1255. E-mail:

� 2008 ESFM a
was approved by the United States Food and
Drug Administration, for use in treating type 1
and type 2 diabetes in humans in 2000.

In healthy cats, glargine has a longer duration
of action than lente insulin with a peak action, on
average, 14 h after administration, and suppres-
sion of blood glucose concentrations for at least
24 h in the majority of cats after a single dose
(Marshall et al 2008). In newly diagnosed dia-
betic cats, glycaemic control is improved and re-
mission rates higher amongst cats treated with
glargine twice daily compared with cats treated
with lente insulin twice daily (Marshall and
Rand 2005). A trial involving both long-term and
newly diagnosed diabetic cats showed that glar-
gine administered once daily had a similar
efficacy, as assessed by blood glucose and fruc-
tosamine concentrations, to lente insulin admin-
istered twice daily (Weaver et al 2006). However,
it is unclear whether glargine should be admin-
istered once or twice daily as there have been no
controlled studies comparing glargine adminis-
tered once daily versus twice daily in domestic
animals.
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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The aims of this study were to compare the ef-
fects of administering glargine once daily and
twice daily in healthy cats, and to determine if
once daily dosing of glargine is indicated based
on pharmacokinetic and pharmacodynamic
parameters.
Materials and methods
This study used a two-way crossover design, in
which each cat received glargine either once or
twice daily on the first testing day, then the alter-
native treatment after 72 h. Plasma insulin and
glucose concentrations were measured for 24 h
in each cat, after glargine administration.

Animals

Six adult neutered cats (three male, three female)
that were clinically healthy and had ideal body
condition scores (3 on a scale of 1e5) were
obtained from the School of Veterinary Science
at The University of Queensland. The study
was approved by The University of Queensland
Animal Ethics Committee and the cats were
rehomed after the trial.

All cats were housed in the research facility 3
weeks prior to the commencement of data collec-
tion. During the last week of this period, cats were
housed in individual cages. Throughout the trial,
cats were fed an extruded dry feline maintenance
diet (approximate energy distribution: protein
31%, carbohydrate 28% and fat 42%). Cats were
fed once daily in the morning and uneaten food
was left in the cages overnight, except prior to
and during test days. Prior to test days, uneaten
food was removed from the cages after the morn-
ing feed, approximately 18 h prior to insulin
administration, and food was then withheld until
the conclusion of the 24-h testing period.

Insulin

Insulin glargine 100 U/ml (Lantus, Aventis
Pharmaceuticals, Frankfurt, Germany) was ad-
ministered over the dorsal thoracic wall by sub-
cutaneous injection at a dose of 0.5 U/kg once
daily or 0.25 U/kg twice daily at 12-h intervals,
with doses rounded to the nearest half unit. Insu-
lin was administered by a U-100 syringe with 1 U
graduations.

Procedure

At least 48 h prior to the first testing day, the cats
were anaesthetised with propofol (Diprivan;
Zeneca, UK), dosed to effect, and an 18 g poly-
urethane central venous catheter was placed in
a jugular vein (Cook Veterinary Products, Bris-
bane, Australia) to facilitate blood sampling.
Patency was maintained by twice daily flushing
of heparinised saline (20 U/ml heparin in 0.9%
NaCl).

Cats were assigned to one of the two treatment
sequences (with three cats assigned to each
sequence), with each cat receiving either a single
dose of 0.5 U glargine/kg or two doses of 0.25 U
glargine/kg 12 h apart on the first test day, and
the other regimen on the second test day 72 h later.
No insulin was administered between test days.
Blood samples were collected via jugular catheter
before (�30 and�5 min) and 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22 and 24 h after first administration of in-
sulin. Blood samples were placed into ethylene-
diaminetetraacetic acid (EDTA) tubes on ice
immediately after collection and centrifuged
within 1 h to prevent in vitro glycolysis (Christo-
pher and O’Neill 2000). The resultant plasma
was stored at �70�C until assayed. Remaining
red cells were aseptically washed and re-sus-
pended in saline before auto transfusion to main-
tain red cell mass (Appleton et al 2001).

Sample analysis

Plasma glucose concentrations were determined
using a YSI stat 2300 glucose analyzer (YSI Inc,
Yellow Springs, Ohio, USA). Plasma insulin con-
centrations were measured using a commercially
available radioimmunoassay kit (Phadeseph
Insulin RIA; Pharmacia and Upjohn Diagnostics
AB, Uppsala, Sweden) validated for measure-
ment of feline insulin (Lutz and Rand 1993).

Statistical analysis

Duration of insulin action was defined for each
cat-treatment combination as the time from insu-
lin administration to the first timepoint after the
last glucose nadir when blood glucose concentra-
tion was not significantly different from baseline
(P> 0.05). Blood glucose concentrations at spe-
cific timepoints were considered to differ signif-
icantly from baseline glucose concentrations
when they were less than baseline for that cat-
treatment combination minus the 90% range of
differences. The 90% range of differences was
estimated using the methodology reported by
Marshall et al (2008) and was calculated to be
0.94 mmol/l.

Mean glucose concentration and area under the
curve for glucose concentration were calculated
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for each cat-treatment combination using the
linear trapezoidal method (Rowland and Tozer
1989). For insulin, the area under the curve
above baseline up to return to baseline was
also calculated using this method.

Effects of dosing regimen were assessed using
analysis of variance after accounting for treat-
ment sequence, cat within treatment sequence
and test day. Following twice daily treatment,
nadir glucose and mean glucose concentrations
were compared for the first and second 12-h
periods using paired t-tests. Analysis of variance
for calculating the 90% range of differences and
statistical analyses of outcome variables were
Table 1. Glucose and insulin concentrations and ind
gine insulin once daily (0.5 U/kg) or twice daily (0.25
study in 6 healthy cats

Once daily
administration

(0.5 U/kg)

Tw
adm

(0.2

Glucose concentration
at nadir (mmol/l)

1.6� 0.3 (1.1e2.9) 1.6� 0

Nadir glucose
concentration during
0e12 h (mmol/l)

1.9� 0.4 (1.0e3.9) 2.6� 0

Time to first nadir (h) 11.7� 1.4 (8e16) 13.3�

Time to last nadir (h) 12.7� 1.2 (8e16) 17.0�

Duration of action e
proportion of cats not
returned to baseline
glucose concentration by
24 h (number of six cats)

0.5 (3) 0.5 (3)

Mean daily glucose
concentration (mmol/l)

3.4� 0.2 (2.8e4.3) 3.3� 0

Mean 0e12 h glucose
concentration (mmol/l)

3.0� 0.4 (1.9e4.2) 3.6� 0

Mean 12e24 h glucose
concentration (mmol/l)

3.8� 0.4 (2.6e5.1) 3.0� 0

Peak insulin concentration
(mU/ml)

48� 6 (33e68) 56� 13

Area under 24 h insulin
concentration curve
(mU h/ml)

486� 37 (398e616) 525� 6

Data reported as mean� SEM. Values in parentheses ind
performed using Stata version 9.2 (Statacorp,
College Station, TX).
Results
There was substantial variation between cats in
response to glargine and a difference in response
between 0.25 and 0.5 U/kg dosing (Table 1,
Fig 1). The blood glucose-lowering effect contin-
ued in some cats for at least 24 h with both dos-
ing regimens. Blood glucose concentration did
not return to baseline by 24 h in three of six
cats following either once or twice daily adminis-
tration, with two cats failing to return to baseline
ices following subcutaneous administration of glar-
U/kg repeated after 12 h) in a two-way crossover

ice daily
inistration
5 U/kg)

P-Value Difference between
means (twice daily
� once daily)

95%
confidence
interval for
difference

.2 (1.2e2.3) 1.000 0.0 �0.8, 0.8

.4 (1.5e3.7) 0.082 0.7 �0.1, 1.5

2.9 (4e22) 0.526 1.6 �5.1, 8.3

1.1 (14e22) 0.048 4.3 0.2, 8.4

.2 (2.8e4.2) 0.793 �0.1 �0.8, 0.6

.2 (2.9e4.2) 0.079 0.6 �0.1, 1.3

.3 (2.0e4.2) 0.121 �0.8 �1.9, 0.3

(21e111) 0.585 8 �27, 43

2 (365e784) 0.625 39 �162, 240

icate range.
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Fig 1. Mean plasma glucose concentrations (and standard
errors of means) after subcutaneous administration of glar-
gine once daily (0.5 U/kg) or twice daily (0.25 U/kg re-
peated after 12 h) in a two-way crossover study in six
healthy cats.
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after both once and twice daily treatment. For
cats that did return to baseline by 24 h, times to
return to baseline were 14, 16 and 22 h for once
daily treatment and 18, 22 and 22 h for twice
daily treatment. At 12 h after insulin administra-
tion, all the cats receiving glargine once daily
had blood glucose concentrations below base-
line. For cats receiving divided doses of glargine
given twice daily, at 12 h after initial insulin
administration, blood glucose concentrations
were significantly lower than baseline glucose
concentrations in two cats and not significantly
lower than baseline in four cats. For one of these
four cats, blood glucose concentration was never
significantly less than baseline during the first 12-h
interval, indicating that for this cat, 0.25 U/kg of
glargine was insufficient to result in a significant
Table 2. Mean plasma glucose concentrations 0e12
tion of glargine insulin twice daily (0.25 U/kg repeate
healthy cats

0e12 h 12e24 h P-

Nadir glucose
concentration
(mmol/l)

2.6� 0.4 (1.5e3.7) 1.7� 0.2 (1.2e2.3) 0

Mean glucose
concentration
(mmol/l)

3.6� 0.2 (2.9e4.2) 3.0� 0.3 (2e4.2) 0

Data reported as mean� SEM. Values in parentheses indi
glucose-lowering effect in the first 12 h. The com-
bined results at 12 and 24 h for once and twice
daily dosing suggest a dose-dependent effect
on duration of action.

Mean glucose concentration over 24 h did not
differ significantly between once and twice daily
dosing (P¼ 0.793). When mean glucose concen-
tration during the first 12 h was examined, there
was a trend that approached significance
(P¼ 0.079) suggesting that once daily administra-
tion resulted in lower mean glucose concentra-
tion (3.0� 0.4 mmol/l, mean� SEM) than when
the dose was divided and administered twice
daily (3.6� 0.2 mmol/l), suggesting a dose-
dependent glucose-lowering effect (Table 1,
Fig 1).

The lowest nadir glucose concentration did not
differ significantly (P¼ 1.000) between once and
twice daily dosing, nor did time to first nadir
(P¼ 0.526) (Table 1, Fig 1). However, time to
last nadir differed between treatments
(P¼ 0.048), with longer intervals following twice
daily (17.1�1.1 h) compared with once daily
(12.7� 1.2 h) treatment (Table 1, Fig 1). There
was a trend which approached significance
(P¼ 0.082) suggesting that the nadir during the
first 12 h was lower for once daily (1.9�
0.4 mmol/l) compared to twice daily (2.6�
0.4 mmol/l) treatment, consistent with a dose-
dependent glucose-lowering effect (Table 1, Fig 1).

When glargine was administered twice daily,
the nadir in the second 12 h (1.7� 0.2 mmol/l)
was significantly lower than the nadir during
the first 12 h (2.6� 0.4 mmol/l; P¼ 0.049) indi-
cating a carry-over effect from the first injection
(Table 2, Fig 1). There was also a trend which
was not statistically significant (P¼ 0.093) sug-
gesting that following glargine administration
twice daily, mean glucose concentration was
h and 12e24 h following subcutaneous administra-
d after 12 h) in a two-way crossover study in six

Value Difference between means
(12e24 h minus 0e12 h)

95% confidence
interval for
difference

.049 �0.9 �1.8, 0.0

.093 �0.6 �1.3, 0.1

cate range.
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Fig 2. Mean plasma insulin concentrations (and standard
errors of means) after subcutaneous administration of glar-
gine once daily (0.5 U/kg) or twice daily (0.25 U/kg
repeated after 12 h) in a two-way crossover study in six
healthy cats.
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4

lower during the 12 h after the second injection
(3.0� 0.3 mmol/l) than during the 12 h after
the first injection (3.6� 0.2 mmol/l), consistent
with a carry-over effect (Table 2, Fig 1).

Peak insulin concentration did not differ signif-
icantly between treatments (P¼ 0.585) nor
did area under the 24-h insulin curve (P¼ 0.625)
(Table 1, Fig 2).
Discussion
This is the first reported study in domestic ani-
mals comparing the effects of insulin glargine
administered once or twice daily. The most im-
portant finding from this study in healthy cats
is that glargine has a long duration of action
with blood glucose concentrations at 24 h sup-
pressed below baseline in a substantial pro-
portion of cats regardless of whether insulin is
administered once daily (0.5 U/kg) or twice daily
in divided doses (0.25 U/kg repeated after 12 h).

There was evidence of a carry-over effect after
12 h following twice daily administration, and at
24 h regardless of whether insulin was adminis-
tered once or twice daily. This is likely to be ad-
vantageous in treating diabetic cats because it
increases the likelihood that exogenous insulin
effects will continue until the next insulin injec-
tion, regardless of the dosing regimen. In con-
trast, because of the short duration of effect
with lente insulin, when administered every
12 h there is, on average, 4 h prior to each injec-
tion (ie, 8 h each day) where there is minimal
exogenous insulin action, leading to marked
hyperglycaemia in many diabetic cats (Martin
and Rand 2001). Because of the long duration
of insulin action and carry-over effects seen in
this study in healthy cats, diabetic cats treated
with glargine, should have blood glucose mea-
sured initially just prior to insulin administration
when using serial blood glucose monitoring to
assess insulin dose. Measuring blood glucose
prior to insulin injection is important to ensure
that cats with low pre-insulin blood glucose con-
centrations are not overdosed.

The blood glucose-lowering effect and dura-
tion of action of glargine in this study in healthy
cats was similar to that reported in previous
studies in healthy cats (Marshall et al 2008) and
diabetic humans (Owens et al 2000). Glargine
is marketed for human use as very long-
acting and ‘peakless’. The peakless claim is po-
tentially misleading in that it refers to glargine’s
glucose utilisation rate being ‘peakless’, and does
not imply that the blood glucose concentration
curve after administration has no nadir. The glu-
cose utilisation rate is the amount of intravenous
glucose required to maintain a constant plasma
glucose concentration after subcutaneous injec-
tion of insulin. In this study, there were definite
nadirs and peaks in glucose and insulin concen-
trations, but the glucose utilisation rate was not
studied.

Studies have shown that human patients with
type 1 or type 2 diabetes treated with glargine
have similar to improved glycaemic control com-
pared with patients treated with neutral prot-
amine Hagedorn insulin, but more importantly
there are fewer hypoglycaemic episodes (Fon-
seca et al 2004, Fulcher et al 2005). Hypoglycae-
mic episodes in diabetic cats treated with
insulin can be life-threatening. Preliminary re-
sults from a small study in diabetic cats suggest
that clinical hypoglycaemia is less frequent in
glargine-treated cats than cats treated with lente
or protamine zinc insulin (PZI) (Marshall and
Rand 2005), but a larger study is needed to pro-
vide statistical evidence that the incidence of
clinical hypoglycaemia in diabetic cats treated
with glargine is lower than for cats treated with
other types of insulin.

Reducing the time on a daily basis that b cells
are exposed to marked hyperglycaemia is
thought to be important for recovery of b cell
function from the suppressive effects of glucose
toxicity. In humans and cats, recovery of b cell
function is critical for subsequent diabetic remis-
sion (Robertson et al 2000, Link 2001). We predict
that better glycaemic control and reduced
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periods of hyperglycaemia would be achieved in
a greater proportion of diabetic cats if glargine is
administered twice rather than once daily. Clini-
cal observations suggest that remission rates in
newly diagnosed diabetic cats are higher when
glargine is administered twice daily compared
to once daily dosing (Marshall and Rand 2005,
Weaver et al 2006). Diabetic remission is highly
advantageous, resulting in improved health
and quality of life, and should be one of the
main goals of therapy for diabetic cats. A pro-
spective controlled trial in diabetic cats is indi-
cated to determine whether glycaemic control
and remission rates are improved with glargine
administered twice rather than once daily.

There was large individual variation in plasma
insulin concentrations for a given calculated
insulin dose, and associated large variation in
blood glucose concentrations. The source of the
variation in this study is likely to be multifacto-
rial including differences in rates and percentage
of absorption of insulin from the subcutaneous
injection site, variation in insulin sensitivity
between cats, and variation in the actual dose re-
ceived per kg of metabolic weight. Similar varia-
tion in glucose responses is also reported in
human (Bantle and Laine 1988, Bantle et al 1990,
Moberg et al 1995) and dog studies (Fleeman
and Rand 2003). Errors with insulin dosing
were a potential source of variation in insulin
and glucose concentrations between study cats,
particularly for twice daily administration, and
this may also be important in clinical practice.
Most study cats receiving twice daily treatment
at a dose of 0.25 U/kg received only 1 U at
each injection. This very small volume of insulin
was administered by a U-100 syringe with 1 U
graduations making dosage errors likely. It has
been shown that paediatric nurses using similar
syringes to those used in this study were unable
to accurately dose any amount under 2 U (Case-
lla et al 1993). Glargine should not be mixed or
diluted, so accurate dosing is difficult in most
cats. These errors are likely to be minimised by
use of insulin syringes designed for 100 U/ml
insulin with 0.5 U gradations.

This study in healthy cats demonstrates that
there are large variations between cats in glucose
responses to a calculated dose of glargine. Simi-
lar large individual variations in glucose re-
sponse to the same calculated dose of glargine
are likely to occur in diabetic cats, making it es-
sential to monitor blood glucose concentration,
especially for the first few days after initiating
therapy with glargine. This variation may be
between or within cat. Research using glargine
in diabetic cats is required to evaluate the day-
to-day variation in glucose response, and to as-
sess the effects of this variation on monitoring
and adjusting insulin dose. Detemir, a new
long-acting insulin analogue with a different
mode of action to glargine, is being marketed
for use in humans as being more predictable in
its action than glargine (Klein et al 2007). How-
ever, there are no published studies assessing ef-
fects of detemir in cats.

In summary, this study in healthy cats demon-
strates that glargine has a long duration of ac-
tion, with carry-over effects to the next day
likely, regardless of once or twice daily dosing.
With twice daily treatment, this long duration
of action tends to produce a lower nadir glucose
concentration after the second injection, compared
to the first. A study involving diabetic cats is re-
quired to compare these dosing regimens, and
to fully evaluate the potential of glargine for
treatment of diabetes mellitus in cats.
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