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Abstract

Aims: Insulin glargine 300 U/mL (Gla-300) contains the same units versus glargine
100 U/mL (Gla-100) in three-fold lower volume, and higher subcutaneous (SC) doses
are required in people with diabetes. To investigate blood glucose (BG) lowering
potency, Gla-300 and Gla-100 were compared after intravenous (IV, for 4 h) and SC
(for 24 h) injection in healthy Beagle dogs.

Materials and methods: The dose of 0.15 U/kg Gla-300 and Gla-100 was injected IV
in 12 dogs. BG, C-peptide, glucagon and the active metabolite 21A-Gly-human insu-
lin (M1; liquid chromatography-tandem mass spectrometry method) were measured.
Twelve other dogs were studied after SC injection of 0.3 U/kg Gla-300 and Gla-100.
Results: After IV injection, Gla-300 and Gla-100 were equally potent [BG_AUCq. 4 1,
ratio 1.01 (95% confidence interval, 0.94; 1.09)]. After SC injection, BG decreased
slower and less with Gla-300. Similar metabolism of Gla-300 and Gla-100 to M1
occurred with IV dosing [M1_AUC,_; }, ratio 0.99 (95% confidence interval, 0.82;
1.22)], but with SC dosing M1_C,,., and AUCq 24, Were 44% and 17% lower; mean
residency time and bioavailability were 32% longer and 50% lower, with Gla-300.
Conclusions: 1V Gla-300 and Gla-100 have the equivalent of BG-lowering potency
and M1 metabolism. SC Gla-300 has lower M1 bioavailability with a reduced BG-

lowering effect and need for greater doses versus Gla-100.

KEYWORDS
glargine M1, glargine M2, glargine metabolism, glargine parent MO, glargine subcutaneous,

intravenous glargine insulin

1 | INTRODUCTION

The second-generation long-acting (basal) insulin analogue glargine
300 U/mL (Gla-300)
generation insulin glargine 100 U/mL (Gla-100) in people with type
1 and type 2 diabetes.t™> The flatter pharmacokinetics (PK) and

has advantages as compared with first-
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pharmacodynamics (PD) of Gla-300, more evenly distributed over the
24 h at the clinical, individual doses used by people with type
1 diabetes,?® explain the reduced risk for hypoglycaemia with Gla-
300, including severe episodes as compared with Gla-100,° for simi-
larly improved glycaemic control.”?

In clinical trials, Gla-300 requires higher doses as compared with
Gla-100 in type 1 and type 2 diabetes.>*>”711 |n experimental
euglycaemic clamp studies in type 1 diabetes, the same subcutaneous
(SC) dose of Gla-300 at steady state showed reduced blood glucose
(BG)-lowering effects versus Gla-100 by 27%, and by 14%-30% ver-

1213 over the 24 h post-dosing. Consequently, Gla-300

sus degludec,
is referred to as a basal insulin with lower potency versus
comparators.*?

However, the differential BG-lowering effect observed with Gla-
300 as compared with Gla-100 after SC dosing, might be explained
also by the different mechanism of action. Gla-300 contains the same
glargine molecule soluble at acidic pH as Gla-100, which becomes
insoluble and forms micro-precipitates at the neutral pH of the SC tis-
sue injection site. In people with type 1 and type 2 diabetes, Gla-300
and Gla-100 undergo the same, nearly total biotransformation of
glargine parent (MO) primarily to 21*-Gly-human insulin (metabolite
M1) and, to a lesser extent, to 21A—Gly—des—308—Thr—human insulin
(metabolite M2), which both drive the insulin effect of glargine in type
1 diabetes'**> and in type 2 diabetes.'*'® However, as compared
with 100 U/mL glargine, in 300 U/mL glargine, the same units are
contained in one-third of the volume thereby forming a smaller insulin
depot after SC injection with half of the surface area and conse-
quently slower absorption rate. The longer residency time in the SC
tissue before absorption of Gla-300 versus Gla-100 might favour the
activity of local protease enzymes with greater, local degradation of
former versus latter glargine formulation. If so, while the slower and
more prolonged SC absorption would explain the more physiological
PD of Gla-300, its lower bioavailability would account for the reduced
BG-lowering activity as compared with Gla-100 and IDeg, and explain
the need to increase the dose in people with type 1 diabetes to match
the BG-lowering effect.?

Interestingly, because glargine remains soluble with intravenous
(IV) dosing because of immediate dilution, Gla-100 fully reproduces
the PD of human regular insulin in people with type 1 diabetes®® and
normal subjects,2® as shown by euglycaemic clamp studies. In theory,
if IV administration of Gla-300 reproduced fully the PD effects of Gla-
100, this would show equivalence of the BG-lowering effects of the
300 and 100 U formulations of glargine. In turn, this would show that
different bioavailability rather than different potency, is the mecha-
nism by which Gla-300 has lower, in addition to different, PD over
the 24 h after SC dosing versus Gla-100. However, no such data are
available at present.

The aim of this study was to explore the equivalence of BG lower-
ing and glargine metabolism of the same dose of Gla-300 versus Gla-
100 after IV dosing, to compare the results with those observed after
SC dosing of the two glargine formulations and to calculate the mean
residency time and bioavailability of M1. For this purpose, an experi-

mental model in dogs was used where BG was allowed to decrease.

2 | MATERIALS AND METHODS

21 | Study design

The study was performed in 24 healthy, normoglycaemic, male
Beagle dogs (10-14 kg). The first 12 dogs were studied using the IV
route of either Gla-300 (N = 6) or Gla-100 (N = 6) administration,
whereas the second 12 dogs underwent the SC route of either Gla-
300 (N = 6) or Gla-100 (N = 6) administration, so that each dog was
studied only once (first injection of Gla-300 and Gla-100 both IV
and SC). The animals were kept under standardized conditions
(light cycle from 06:00 to 18:00 h) and on a standard diet (ssnif,
Soest, Germany). The animals were fasted for 16 h before the
study start and throughout the experiment with free access to tap
water. Gla-100 and Gla-300 solutions were administered as a sin-
gle injection at a dose of 0.15 U/kg (for IV injection into the jugular
vein) or 0.3 U/kg (for SC injection into a skinfold of the lateral flank
to avoid intramuscular penetration) with Hamilton syringes to
ensure accuracy of tiny microliter volumes, in the morning (about
07:00 h). After IV or SC insulin injection, BG was allowed to
decrease and no glucose was infused. The duration of the IV study
was 4 h, and that of the SC study 24 h.

22 | Methods

Blood samples for glucose analysis were taken at time point O and at time
points 5, 10, 15, 30, 45, 60, 90, 120, 180 and 240 min (IV, total blood
drawn 33 mL) or every hour for 24 h (SC, mean total blood volume
75 mL) after injection. BG concentration was determined enzymatically
from 5 uL whole blood haemolysed with 250 uL haemolysate.

The study was approved by the local ethics committee and was
conducted in accordance with EU law, including the use and care of
laboratory animals, under the condition of using a blood volume not
>100 mL per dog. Therefore, each dog could not be studied twice
over a short period, but only once.

PK of parent insulin glargine (M0) and its metabolites [M1 (21A-
Gly-human insulin) and M2 (212-Gly-Des-308-human insulin)] were
determined by measuring the concentrations of MO, M1 and M2 in
plasma by an exploratory liquid chromatography-tandem mass spec-
trometry assay method, as previously described,'* with previous
immunoaffinity enrichment of samples, with a lower limit of quantifi-
cation (LLOQ) of 0.2 ng/mL. The active moieties of MO, M1 and M2
were quantified by measuring peak area ratios using tandem mass
spectrometry detection. Quantification of MO, M1 and M2 in plasma
was unaffected by the presence of haemolysed blood (3%) or by the
presence of canine insulin. The results were expressed in ng/mL with
subsequent conversion in uU/mL. The PK parameters were calculated
using a non-compartmental approach using the linear trapezoidal cal-
culation method. Nominal sampling times were used. Samples less
than the LLOQ were taken as equal to O for calculations. C-peptide
was determined from 100 pL dog plasma using a commercial canine
C-peptide RIA assay (Millipore CCP-24HK, Darmstadt, Germany) with



% | WILEY

WERNER ET AL

(A)
|
o
>
£
20
O -
T T T T 1
0 60 120 180 240
Time (min)
©)

HU/mL

T 1
180 240

T
120
Time (min)

0 60

--0-- Gla-100
—— Gla-300

HU/mL

T T 1
120 180 240

Time (min)

400 *

350
300
250 —

200 +
10 1
8_
6_
4
2
0

HU/mL

T T 1
0 60 120 180 240

Time (min)

FIGURE 1 Concentrations of A, blood glucose, B, plasma MO, C, plasma M1 and D, plasma M2, after IV administration of 0.15 U/kg Gla-300
and Gla-100. Black arrows indicate the time of dosing. IV, intravenous; MO, metabolite MO; M1, metabolite M1; M2, metabolite M2

an LLOQ of 0.172ng/L. All values below LLOQ were set to
LLOQ =0.173 ng/L.

Glucagon was measured from 25 uL dog plasma by a commer-
cially available glucagon enzyme-linked immunosorbent assay assay
(Mercodia 10-1271-01, Uppsala, Sweden) with an LLOQ of 5.3 ng/L.
All values below LLOQ were set to LLOQ = 5.3 ng/L.

2.3 | Statistical analysis and calculations

The linear trapezoidal rule was used to calculate the area under the
concentration-time curve (AUC) for BG. The minimum BG concentra-
tion (BG-Cpnin) and the time to reach BG-min, BG-T,,, were read
directly from the curve. The BG-AUCg.»4 and (BG-C,i) taken to indi-
cate the extent and rate of glucose excursions, respectively, were the
parameters of interest (main outcome variables) in the comparison
between Gla-300 and Gla-100 following IV insulin injection. Secondary
outcome variables were glargine's metabolites MO, M1, M2 (both
300 U/mL and 100 U/mL formulations), C-peptide and glucagon. For
these variables AUC, C, a0 Tmax Were calculated. Finally, other second-
ary outcomes were BG-AUC, BG-C,in, Trmin, glargine's metabolites MO,
M1 and M2 following SC injection. For these variables AUC, C1ax Trmax
F (bioavailability) and mean residence time (MRT) were calculated. The
bioavailability (F) refers to the fraction of insulin after SC administration

that reaches the systemic circulation. It is calculated as AUCo.int_sc/

AUCo.ins_1v after dose normalization. MRT, useful index of the average
time a drug remains in the body, is calculated as AUMCq.int/AUCq.ing.-
PK parameters were calculated using non-compartmental analysis.?*

Equivalence testing was conducted using the two one-sided test
procedure on log-transformed data and re-transformations by deter-
mining whether the upper and lower bounds of the 90% confidence
interval (Clogy,) for the AUCgia-300/AUCgla-100 ratios and Cpin Gla-300/
Crin_cla-100 ratios were contained within the intervals 0.80-1.25 and
0.70-1.43, respectively.?? Trin and Tmax Metrics and those variables for
which a log-transformation could not be performed because of zero
values were analysed non-parametrically using Wilcoxon's rank-sum
test and Hodges-Lehmann estimates of the median treatment differ-
ences computed with Clygy. Data are expressed as arithmetic means
(SD), median (Clgsy) and geometric means (Clgse) in text and tables, and
as means and SE in figures. Statistical analysis was usually performed
using NCSS20 (NCSS, LLC. Kaysville, UT, USA)?® and PKSolver.2*

3 | RESULTS

3.1 | Intravenous dosing

The extent of BG changes 1, 2 and 4 h following IV dosing was equiv-
alent between Gla-300 and Gla-100, as also shown by individual cases
over the full 4-h period (Figure S1). BG_C,,in» was 11% lower with Gla-
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300 as compared with Gla-100. T, value was achieved between M1, M2 and MO were not present in plasma before either Gla-
15 and 45 min, with a median time of 30 min for both insulins 300 or Gla-100 administration. One hour after dosing, M1_AUCg.1p,

(Figure 1, Table 1, and Figures S1 and S2). was equivalent between Gla-300 and Gla-100, with a similar peak

TABLE 1 Pharmacodynamic and pharmacokinetic results following IV and SC of either Gla-300 or Gla-100 injections

Estimate and 90% ClI for

C-Pep AUCq.4 1, (ng/h/L)?

0.80 (0.62; 1.03)

0.79 (0.64; 0.98)

1.01(0.8; 1.27)

C-Pep Cpax (ng/L) 0.33(0.19; 0.55) 0.39 (0.26; 0.59) 0.84(0.52; 1.34)
C-Pep Trmax (h)? 0(0;4) 0.04 (0; 4) 0(—0.5; 0.08)
MO/(MO + M1)° AUCo.5 1 0.37 (0.29; 0.49) 0.15 (0.06; 0.40) 2.52(1.23; 5.21)
SC injection (0.30 U/kg) (0.30 U/kg)

BG AUCq.o4 1, (mg/h/dL) 1599 (1484; 1722) 1667 (1589; 1748) 0.96 (0.90; 1.02)
BG AUCo.12 1, (mg/h/dL) 743 (645; 849) 673 (602; 752) 1.10 (0.98; 1.25)
BG AUC1.4 1 (mg/h/dL) 851 (773; 937) 991 (964; 1021) 0.86 (0.80; 0.92)
BG Cpnin (mg/dL) 439 (35.1; 55.2) 36.2 (31.7; 41.5) 1.21 (1.01; 1.46)
BG Tpin (h)? 8.5(6; 12) .5(5; 8) 2(1; 4)

M1 AUCg.24 1, (WU/h/mL) 78.2 (56.7; 104) 94.7 (74.5; 120) 0.83 (0.63; 1.09)
M1 AUCq.12 1 (MU/h/mL) 76.7 (56.7; 104) 94.7 (74.5; 120) 0.81 (0.62; 1.05)

M1 AUC15.24 1, (RU/h/mL) 1.6 0 =

M1 Cpax (MU/mL) 9(8.3; 12) 17.7 (11; 28.7) 0.56 (0.38; 0.83)
M1 Trax (h)? 6(1;9) 5(2;7) 1(-3;4)

F 0.25 (0.09; 0.68) 0.50(0.33; 0.75) 0.50 (0.25; 0.99)
MRT (h) 2(9.4; 18.1) 4 (4.6; 18.9) 1.32 (0.74; 2.34)
Glucagon AUCq_24 1, (ng/h/L) 272 (193; 383) 221 (153; 320) 1.23 (0.86; 1.75)
Glucagon Cynax (ng/L) 20.2 (14.3; 28.4) 18.6 (12.2; 28.5) 1.08 (0.74; 1.59)
Glucagon Ty (h)? 5(2; 23) 5(2;7) 1(-2;11)

S e mean ratios (Gla-300/Gla-100)°

IV injection (0.15 U/kg) (0.15 U/kg)

BG AUCo.1 , (mg/h/dL) 38.3(35.1; 41.9) 42.3(36.4; 49.4) 0.91(0.8; 1.03)

BG AUCo.2 1, (mg/h/dL) 96(91.3; 101.5) 102 (93; 113) 0.94 (0.87; 1.02)

BG AUCo.4 1, (mg/h/dL) 249 (234; 266) 247 (226; 270) 1.01 (0.94; 1.09)

BG Cpin (mg/dL) 31.3(28.4; 34.5) 35.2 (30.6; 40.6) 0.89 (0.79; 1.0)

BG Trin (h)? 0.50 (0.25; 0.50) 0.50 (0.25; 0.75) 0.0 (—15; 0.0)

M1 AUCq.1 h (WU/h/mL) 87.6 (68; 112) 87.8 (77; 100) 0.99 (0.82; 1.22)

M1 AUCq.4 1 (MU/h/mL) 137 (72; 259) 116 (76; 178) 1.18(0.68; 2.03)

M1 Cpnax (MU/mL) 316 (240; 416) 313 (208; 470) 1.01(0.71; 1.43)

M1 Thax (Min)? 5(5; 60) 5(5; 30) 0(0; 0)

MO AUCq.1 h (MU/h/mL) 59.5 (41; 86) 21.3(10; 45) 2.79 (1.55; 5.01)

MO AUCp.4 1, (RU/h/mL) 83.9 (56; 126) 21.3 (10; 45) 3.94(2.17;7.16)

MO Cpax (MU-mL™Y) 211.8(143; 315) 84.8 (39; 185) 2.5(1.35; 4.63)

MO Tpax (Min)? 5(5; 5) 6(3.6;9.6) 0(0; 0)

M2 AUCq.1 , (MU/h/mL)? 0(0; 24) 0(0; 0) 0(0;7.1)

M2 AUCq.4 1, (MU/h/mL)? 0(0; 31) 0(0;0) 0(0; 4)

M2 Cpax (RU/mL7Y)? 0(0; 24) 0(0; 0) 0(0;7.1)

M2 T pax (Min)? 0(0; 30) 0(0; 0) 0(0; 5)

Glucagon AUCq.4 1, (ng/h/L) 88.5 (58; 135) 74.5 (50; 110) 1.19 (0.79; 1.78)

Glucagon Cayx (ng/L) 72.3 (54; 97) 47 (25; 89) 1.55 (0.95; 2.53)

Glucagon Tppay (min)? 31.8(27; 38) 31.8(17.4; 58.4) 0(0; 25)

(Continues)
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TABLE 1 (Continued)

Gla-300

C-Pep AUCO_24h (ng/h/L)
C-Pep (ng/L)
C'PeD Tmax (h)a

0.36 (0.23, 0.56)
0.36 (0.23, 0.56)
17.5 (14; 21)

Note: Data are geometric mean (95% Cl) or
2median (95% ClI).

Estimate and 90% ClI for
mean ratios (Gla-300/Gla-100)°

1.07 (0.65; 1.75)
1.07 (0.65; 1.75)
0.5(-1;2)

Gla-100

0.34 (0.21; 0.54)
0.34 (0.21; 0.54)
17.0(17; 23)

Abbreviations: AUC, area under the curve; BG, blood glucose; C,.x, maximum concentration; C,,i», minimum concentration; C-Pep, C-peptide; Cl,
confidence interval; F, bioavailability; IV, intravenous; LLOQ, lower limit of quantification; MO, metabolite MO; M1, metabolite M1; M2, metabolite M2;
MRT, mean residence time; SC, subcutaneous; Tpax time at which C, .., is observed; Tin, time at which C;;, is observed.

PPoint estimates of treatment ratios with 90% Cls were calculated using t test based on log-transformed data and re-transformations. Bold type: those
PK/PD parameters that met equivalence criteria following statistical equivalence testing or that were statistically not different from zero following non-
parametric analysis. Following SC injection of both Gla-300 and Gla-100, MO and M2 were <LLOQ. In one dog in the Gla-300 SC group M1 was <LLOQ

throughout.
“Percentage of MO relative to total plasma insulin (MO + M1).
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FIGURE 2 Concentrations of A, blood glucose and B, plasma M1, after SC administration of 0.30 U/kg Gla-300 and Gla-100. Data for MO
and M2 are not shown (MO was detectable only in two dogs for up to 3 h only, M2 was never detectable, see Results). Black arrows indicate the
time of dosing. MO, metabolite MO; M1, metabolite M1; M2, metabolite M2; SC, subcutaneous

(Table 1), although the 90% Cl of the geometric ratio extended out-
side the equivalence range. M1_T,,.x Was reached at a similar median
time of 5 min. M1_AUCq 4, was 18% greater with Gla-300 as com-
pared with Gla-100 (Table 1).

M2 was undetectable with Gla-100, and measurable with Gla-
300 only in two of the six dogs at few time points (Figure 1, Table 1).
MO increased to a peak at 5 and 6 min with Gla-300 and Gla-100,
respectively, but more so with Gla-300 as compared with Gla-100
(212 vs. 85 pU/mL, respectively) (Table 1). MO was measurable in
three dogs until 240 min with Gla-300, but only up to 45 min with
Gla-100 in three other dogs (Figure 1). MO_AUCq.4,, was nearly four
times higher with Gla-300 versus Gla-100 (Table 1). The percentage
of total serum insulin (MO + M1) represented by MO was 37% with
Gla-300 and 15% with Gla-100 (Table 1).

C-peptide was similarly suppressed after Gla-300 and Gla-100
between 5 and 120 min, then similarly recovered by the end of
studies, and was equivalent over the 4 h study (Figure S2, Table 1).
Baseline plasma glucagon was 40% (—32% to 191%) higher with

Gla-300 as compared with Gla-100. Consequently, Glucagon_
AUCo.4n and Glucagon_C,,.x were greater with Gla-300 as com-
pared with Gla-100 (19% and 55%, respectively). However,
Glucagon_T,.x occurred at the same median time of 31.8 min
(Figure S2, Table 1).

3.2 | Subcutaneous dosing

BG decreased more slowly with Gla-300 and Gla-100 after SC com-
pared with IV dosing, as expected, despite doubling the insulin dose
(Figure 2, Table 1, and Figures S1 and S3). However, with Gla-300
baseline-to-nadir BG decrease was slower by 64% (42%-78%) as com-
pared with Gla-100. In fact, the rate of BG fall was 3.1 mg/h/dL
(1.6-6.0) and 8.37 mg/h/dL (7.2-10.6) (P = .012) for Gla-300 and Gla-
100, respectively. BG_C,,i, was 21% greater (44 vs. 36 mg/dL) and
was reached 2 h later (8.5 vs. 6.5), with Gla-300 as compared with
Gla-100, indicating a slower absorption rate with the former as
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latter. The
hypoglycaemia was slower with Gla-300 as compared with Gla-100
(Figure 2, Table 1).

Overall, in contrast to IV Gla-300 and Gla-100 bolus, which
resulted in an equivalent glucose lowering potency (i.e., similar AUC,
Chin and Tr,in), SC injection of Gla-300 and Gla-100 produced a differ-

ent distribution of the rate and extent of glucose excursions (BG fell

compared with the post-nadir recovery from

less rapidly and to a smaller extent with Gla-300), based on which
equivalence was not proven (Table 1).

M1, M2 and MO were not present in plasma before the adminis-
tration of either Gla-300 or Gla-100. After dosing, M1 increased with
both insulins within 1 h. With Gla-300, M1 concentrations averaged
6.5 pU/mL (6.1-6.9) between 1 and 9 h, with a peak of 9.9 pU/mL
(11-28.7) at 7 h and then it decreased slowly until 14 h, after which
time it was no longer detectable. In contrast, with Gla-100, M1 con-
tinued to increase to a greater peak of 17.7 uU/mL (11-28.7) at 5 h,
after which it decreased slowly until 12 h, after which it was
undetectable (Figure 2). Bioavailability (F) of M1 after SC administra-
tion was 25% and 50% with Gla-300 and Gla-100, respectively. The
relative bioavailability of M1 following SC administration of Gla-300
was 50% lower as compared with that of Gla-100. MRT was 32% lon-
ger for Gla-300 than Gla-100, indicating a longer residence time for
Gla-300 in subcutaneous tissue. The overall M1-AUCq_ 41, with Gla-
300 was 17% lower than that of Gla-100, and 19% lower in the first
12 h post-dosing (Table 1 and Figure S1). MO was undetectable with
Gla-300, whereas with Gla-100 it was detectable only in two of the
six dogs for the initial 3 h post-dosing (concentrations 10-27 uU/mL),
after which it was no longer detectable (data not shown). M2 was not
detectable in any dog with either Gla-300 or Gla-100 (data not
shown).

Plasma C-peptide was similarly suppressed for the first 16 h post-
dosing with both Gla-300 and Gla-100, after which time it increased
to similar values until 24 h, and was equivalent over the 0-24 h with
the two insulins (Table 1 and Figure S3). Baseline plasma glucagon
was similar with Gla-300 (14.9 5.7 ng/mL) and Gla-100
(10.9 £ 2.9 ng/mL) (P = .231). The response of glucagon to the slow
fall of BG with SC dosing of Gla-300 and Gla-100 was less pro-
nounced as compared with IV dosing. As baseline plasma glucagon
levels were 30% greater (—10 to 90) with Gla-300 as compared with
Gla-100, Glucagon_AUCg.»4 and Glucagon_C,.x Were also greater by
23% and 8%, respectively, with Gla-300 as compared with Gla-100
(Table 1 and Figure S3).

4 | DISCUSSION

The present study in a dog model where BG was allowed to decrease
after insulin dosing, demonstrates that the BG-lowering effect of Gla-
300 and Gla-100 given IV is equivalent, and that the PK of M1, the
main metabolite of the glargine parent MO, is equivalent with the two
glargine formulations. This is a novel observation. The present study
also shows that, as compared with IV dosing, with SC dosing the BG-
lowering effect with both insulins is slower and prolonged, as

expected, but more so with Gla-300. With Gla-300, the BG initially
decreased more slowly to a nadir, which remains higher, and recov-
ered more slowly versus Gla-100. BG_AUCj .24, of Gla-300 and Gla-
100 was similar, but Ci, and T, were different (Table 1), and there-
fore, in contrast to IV dosing, equivalence of the BG-lowering effect
of Gla-300 and Gla-100 could not be demonstrated with SC dosing. In
fact, the BG-lowering effect was 10% lower in the first 12 h, and 14%
greater in the second 12 h after SC dosing with Gla-300 versus Gla-
100 (Table 1).

The results of BG dynamics in the present SC dosing study are
consistent with the PD (glucose infusion rate, GIR) observed with
Gla-300 and Gla-100 in people with type 1 diabetes. However, in
contrast to the present study, in previous studies BG was not
allowed to decrease (euglycaemic clamp) after the SC administration
of fixed doses, either the first injeo:tion25 or at steady state, as well
as at steady state with individual doses.? The euglycaemic clamp
technique makes it possible to study PK/PD of injected insulin with-
out inducing hypoglycaemia and stimulating hormonal counter-
regulation to hypoglycaemia.2® This is different from the present
study where BG was allowed to fall spontaneously and to elicit
counter-regulatory responses. The approach used in dogs in the pre-
sent study with hypoglycaemia prolonged for several hours, is not
feasible in humans for ethical reasons, and has strengths and limita-
tions as compared with the euglycaemic clamp technique. One
strength is the low complexity of the procedure, and the easy under-
standing of results of injected insulin such as lowering of BG. This is
different from the more complex methodology of the euglycaemic
clamp where the interpretation is based on GIR in the context of
actual BG.2® The main limitation of the current approach is the fact
that BG changes are affected not only by injected insulin, but also
by counter-regulatory responses to hypoglycaemia, primarily hor-
monal, and by residual endogenous insulin secretion in non-diabetic
dogs such as those of the present study. Of note, with IV dosing, the
equivalent BG-lowering effect and BG dynamics with the two insu-
lins induced a similar suppression of C-peptide and responses of glu-
cagon (Figure S2, Table 1), and this was probably the case for the
other important counter-regulatory hormones such as catechol-
amines (not measured in the present study). Thus, in the IV study, it
may be assumed that the BG changes represented quite specifically
the PD effect of injected insulin. On the other hand, the interpreta-
tion of the results with SC dosing might be more complex. Here the
BG-lowering effect of the two insulins was not equivalent,
hypoglycaemia occurred earlier and the BG nadir was lower with
Gla-100 versus Gla-300 (Figure 2), possibly eliciting differential
counter-regulatory responses. Suppression of endogenous insulin
secretion appeared to be similar with the two insulins (Figure S3,
Table 1), whereas the response of glucagon tended to higher with
Gla-300, although the different baseline makes the comparison diffi-
cult. It is probable that the responses of catecholamines,?” growth
hormone?® and cortisol,?? not measured in the present study, were
greater with the more rapid fall to a lower nadir with Gla-100 versus
Gla-300. If so, this would contribute to higher post-nadir BG recov-
ery, in addition to earlier waning of the insulin effect, with Gla-100
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versus Gla-300. If so, the calculation of BG_AUC 5.o4, would be
overestimated with Gla-100 versus Gla-300, and the overall 0-24
BG-lowering effect reduced with Gla-300 versus Gla-100.

A second, novel finding in this study is that, in contrast to IV dos-
ing, with SC dosing there is no equivalence of M1 with Gla-300 and
Gla-100, in line with the differential effects of BG lowering. With Gla-
300, M1 is 17% lower over 24 h post-injection, 19% lower during first
12 h post-injection versus Gla-100 (Figure 2, Table 1). Assuming that
the hypoglycaemia with Gla-300 and Gla-100 did not affect glargine
metabolism, this finding is coherent with the reduced BG-lowering
effect of Gla-300 versus Gla-100 SC observed in the present study.
These results with the first injection in dogs are also in line with those
reported with the first injection in people with type 1 diabetes where
INS_AUC. 24, was 38% lower (Japanese population) and 45% lower
(European population), and the GIR_AUC was reduced in the
euglycaemic clamp 47% (0-36 h) to 75% (0-24 h) with Gla-300 versus
Gla-100, although serum insulin, not M1 was not measured in that
study.?> With the premise of species differences, the present study
confirms the flatter PK of Gla-300 versus Gla-100 and its more even
distribution over the 24-h period observed in humans.>? It would be
interesting to compare Gla-300 with the intraperitoneal insulin infu-
sion that has shown the benefits of lower glucose variability and risk
reduction of hypoglycaemia.*°

The observed difference of PK of M1 with SC dosing in the pre-
sent study may be the consequence of the slower absorption of the
more versus less concentrated glargine.! A slower and more pro-
longed SC absorption of glargine not only flattens and extends the
serum insulin concentration beyond the 24 h, but also opens the pos-
sibility that the prolonged residency time in SC tissue favours greater
local degradation. This concept has recently been supported by the
new observation that precipitates of glargine in the SC at pH 7.4, pre-
sent as particles with diameters surprisingly greater and surface area
proportionally lower in relation to increasing concentration of glargine
injected (Sanofi, data on file). In addition, the kinetics of glargine stud-
ied in an experimental model of precipitation and dissolution in vitro
indicate that the process of re-dissolution takes a longer time with
Gla-300 versus Gla-100. Finally, measurement of the absorption rate
in vivo from the estimate of the depot size reduction in SC tissue with
magnetic resonance imaging in rats, indicates a slower process with
Gla-300 versus Gla-100 (Sanofi, data on file). Taken together, these
in vitro and in vivo observations give strength to the hypothesis that
the slower SC absorption of Gla-300 is the driving factor not only for
the slower increase of M1 in plasma after SC dosing of Gla-300, and
its longer steady state in serum, but at the same time for its lower bio-
availability because of greater local degradation in the SC tissue fol-
lowing longer residency time.

In fact, the present study originally shows that Gla-300 has a 32%
greater MRT and a 50% lower bioavailability as compared with Gla-
100, which contribute to lower M1 concentrations and reduced BG-
lowering effect of Gla-300 SC.

Notably, in the present study in dogs, the SC absorption of
glargine, both 100 and 300 U/mL, as measured by plasma M1,
appears faster and lasts for a shorter time as compared with PK in

people with type 1 diabetes given similar glargine doses as the first
injection.?>31:32 |t is possible that the difference is explained by spe-
cies differences in SC tissue structure and composition. In dogs, the
SC tissue is particularly rich in vascularization,®® although head-to-
head comparisons with SC tissue in humans are not available. A rela-
tively faster SC absorption of long-acting insulin PZI, which precipi-
tates the SC like glargine, has been reported in dogs.®*

A new, unprecedented observation is the elevated percentage of MO
after IV dosing of glargine (Gla-300 and Gla-100) as compared with total
plasma insulin (MO + M1) (Figure 1). With Gla-300, the MO fraction was
nearly twice that of Gla-100 (Table 1). In contrast, after SC injection MO
was undetectable with Gla-300, whereas it was detectable only in two of
the six dogs for the initial 3 h post-dosing with Gla-100. These findings
are in line with those observed in humans following SC of therapeutic
doses of glargine in humans, both Gla-300 and Gla-100, with MO rep-
resenting less than 5%-10% of circulating insulin.'4-18

However, it should be noted that in the present IV studies the
insulin dose was large (0.15 U/kg) and resulted into pharmacological
serum M1 concentrations (>300 uU/mL, more than 10 times higher
than therapeutic concentrations). This possibly saturated the proteo-
lytic enzymes that rapidly convert MO to M1. Similarly, the elevated
M1 concentrations in the IV experiments probably favoured conver-
sion of M1 to M2 to a larger extent than usually observed with SC
therapeutic doses in humans. 418

Limitations of the present study have been mentioned and
include investigation in normal, non-diabetic dogs with endogenous
insulin secretion, the model of the first injection rather than steady
state and the low number of dogs studied. Because of the limited
blood volume allowed to be drawn in each dog, the study was
unpaired. The strengths are the IV dosing experiment (the only experi-
ment so far with Gla-300 1V); measurement of M1, which is not con-
founded by endogenous insulin secretion; and 24 h observation of
hypoglycaemia after SC dosing of the two glargine formulations, mim-
icking the clinical hypoglycaemia in humans because of basal insulin
administration.

In conclusion, the present study in dogs demonstrates equivalent
BG-lowering effects and PK of M1 with Gla-300 versus Gla-100 given
IV, and, in contrast, greater MRT in SC tissue with lower bioavailability
of M1 with Gla-300 versus Gla-100 after SC dosing, with reduced BG-
lowering effects of the former versus the latter. These results indicate
that the reduced BG-lowering effects with SC doses of Gla-300 versus
Gla-100 reported in humans'? are explained not by the different
potency of the two glargine formulations, but by greater MRT and lower
bioavailability with of Gla-300 versus Gla-100 SC dosing. In turn, this
explains the clinical need in people with type 1 diabetes of 10%-30%
greater doses of Gla-300 SC to match the glucose-lowering efficacy ver-
sus Gla-100%*>7-11 and versus other basal insulins such as degludec,
which do not precipitate.®
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