
Vol.:(0123456789)

Clinical Drug Investigation (2020) 40:1155–1166 
https://doi.org/10.1007/s40261-020-00971-x

ORIGINAL RESEARCH ARTICLE

Safety, Pharmacokinetics, and Pharmacodynamics of Globalagliatin, 
a Glucokinase Activator, in Chinese Patients with Type 2 Diabetes 
Mellitus: A Randomized, Phase Ib, 28‑day Ascending Dose Study

Shuai Zheng1 · Feng Shao2 · Yu Ding1 · Zhenzhen Fu1 · Qi Fu1 · Sijia Ding2 · Lijun Xie2 · Juan Chen2 · Sufeng Zhou2 · 
Hongwen Zhang2 · Hongwen Zhou1 · Yang Chen1 · Caixia Sun3 · Jing Zhu3 · Xuqin Zheng1 · Tao Yang1 

Accepted: 18 September 2020 / Published online: 30 October 2020 
© Springer Nature Switzerland AG 2020

Abstract
Background and Objectives  Globalagliatin, a glucokinase activator, plays a vital role in glucose homeostasis. The aim of 
this study was to assess the safety, pharmacokinetics, and pharmacodynamics of globalagliatin in Chinese patients with 
type 2 diabetes.
Methods  In this dose-titration study, 24 patients were randomized (3:1 ratio) to receive globalagliatin or placebo. The 
28-day titration was divided into two stages, each comprising 12 subjects. In stage I (low-dose), globalagliatin or placebo was 
administered at ascending doses of 20, 40, 80, and 120 mg once daily, increased at weekly intervals. As the treatment was 
well tolerated, stage II (high-dose) was initiated, with ascending doses of 80, 160, 240, and 320 mg. Safety, pharmacokinetic 
and pharmacodynamic analysis were conducted.
Results  Following once-daily titration with ascending doses of globalagliatin of 20–120 mg (stage I) and 80–320 mg (stage 
II) for 7 days, globalagliatin caused mildly high incidences of hypoglycemia and hypertriglyceridemia. The mean maximum 
plasma concentration (Cmax) of globalagliatin increased from 7.76 to 138.13 ng/mL (stage I), and 29.36 to 471.50 ng/mL 
(stage II), which occurred at 3–5 h post-dose. A steady state was achieved after 7 days of once-daily dosing in stage I and 
stage II, respectively. Mean area under the plasma-concentration curve for steady-state 24-h interval (AUC​0-24) increased 
from 106.13 to 2461.95 ng·h/mL (stage I) and 369.71 to 9218.38 ng·h/mL (stage II). Fasting plasma glucose (FPG) decreased 
continuously during the titration period. Compared with the placebo, high-dose globalagliatin significantly increased the 
reductions in FPG, the area under the curve of 24-h glucose levels, and glycated albumin, with least-squares mean changes 
(relative to baseline) of − 4.08 mmol/L (95% CI − 5.05 to − 3.12) (P < 0.01), − 103.93 mmol/L (95% CI − 135.80 to − 72.06) 
(P < 0.01), and − 4.71% (95% CI − 6.91 to − 2.51) (P < 0.01)), respectively. High-dose globalagliatin significantly increased 
the Matsuda index, indicating improved insulin resistance.
Conclusions  Globalagliatin was well tolerated and showed favorable pharmacokinetic profiles in Chinese patients with type 
2 diabetes. High-dose globalagliatin reduced plasma glucose, and improved insulin resistance.
Trial Registration  Clinicaltrials.gov indentifier, NCT03414892.

Key Points 

Globalagliatin was well tolerated and showed favorable 
pharmacokinetic profiles in Chinese patients with type 2 
diabetes.

High-dose globalagliatin reduced plasma glucose, and 
improved insulin resistance.
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1  Introduction

The number of people with type 2 diabetes mellitus worldwide 
has quadrupled in the past 30 years, and is predicted to reach 
642 million by 2040, with particularly rapid increases in Asia, 
including China [1]. Besides dietary and lifestyle changes, 
medications are often required to control blood glucose. How-
ever, current treatments are insufficient to meet demand, and 
new therapeutic approaches, including identifying drugs with 
novel mechanisms of action, are urgently needed [2].

Glucokinase (GK) is a unique hexokinase expressed mainly 
in pancreatic β-cells and hepatocytes [3] that catalyzes the first 
step of glucose metabolism. It acts as a “glucose sensor” in 
pancreatic β-cells to control glucose-stimulated insulin secre-
tion and plays a vital role in increasing hepatic glucose uptake 
and glycogen synthesis [4, 5]. Activation of GK improves insu-
lin secretion and decreases hepatic glucose output, targeting 
two major defects in type 2 diabetes [5].

The GK activators (GKAs) are currently a major focus of 
research to identify new antidiabetic agents. Although sev-
eral GKAs were discontinued after early-stage clinical trials 
because of adverse effects or limited efficacy [6–8], at least six 
are currently under investigation and have improved glycemic 
control or promoted relative improvements in insulin secretion 
[9, 10]. One such activator (dorzagliatin) is currently being 
evaluated in a phase III clinical trial.

Globalagliatin is an oral, selective GKA that targets both 
pancreatic β-cells and hepatocytes [the chemical structure 
and physical characteristics of globalagliatin are provided in 
the Online Supplementary Material (OSM), Fig. 1]. In ani-
mal experiments, globalagliatin improved glycemic control, 
insulin resistance (IR), and islet function (OSM, Fig. 2 and 
OSM, Table 1). In five completed phase I studies, including 
one in healthy Chinese participants, 2–120 mg and 20–400 mg 
globalagliatin presented favorable tolerability and safety for 
healthy subjects and type 2 diabetes patients, respectively, 
with an obvious hypoglycemic effect. The pharmacokinetic 
data from these trials support once-daily drug administration 
(OSM, Table 2).

The safety and efficacy of globalagliatin are not well 
explored in patients with type 2 diabetes. Here, we report the 
safety, pharmacokinetics, and pharmacodynamics of once-
daily globalagliatin administration to Chinese patients with 
type 2 diabetes in a 28-day dose-ascending study.

2 � Methods

This was a phase Ib, single-blind, fixed-sequence, dose-
titration study with multiple oral doses of globalagliatin 
or placebo administered to patients with type 2 diabetes. 
All subjects enrolled in the study were recruited from the 

First Affiliated Hospital with Nanjing Medical University, 
Nanjing, China (NCT03414892, ClinicalTrials.gov). The 
study was conducted in accordance with the principles of 
good clinical practice and the Declaration of Helsinki, and 
was approved by the ethics committee of the hospital. All 
participants provided written, informed consent before the 
start of the study.

2.1 � Study Patients

Patients with type 2 diabetes (aged 18–70 years with dis-
ease duration > 3 months) were eligible to participate if they 
were either drug naïve (defined as not having received any 
antidiabetic drug in the 3 months before enrolment), or used 
only metformin in the previous 3 months. The stable dose for 
metformin was ≥ 1500 mg/day in the previous 2 months (if 
the patient could not tolerate 1500 mg/day, the stable dose 
could have been the maximum tolerated dose, but needed 
to be at least ≥ 1000 mg/day). The patients had a body mass 
index (BMI) of 18–35 kg/m2, glycated hemoglobin (HbA1c) 
of 7–11% (53–97 mmol/mol), and fasting plasma glucose 
(FPG) values of 126–240 mg/dL (7–13.3 mmol/L). The key 
exclusion criteria were triglyceride (TG) levels > 500 mg/
dL (5.7 mmol/L) and fasting plasma C-peptide levels < 1 ng/
mL (333 pmol/L).

2.2 � Study Design

The trial involved a screening period (from days − 14 to 
− 5), a baseline period (from days − 4 to − 1), a titration 
period (from days 1 to 28), and a follow-up point (day 42). 
A total of 24 patients with type 2 diabetes were randomized 
(in a 3:1 ratio) to receive globalagliatin (n = 18) or placebo 
(n = 6). In both groups, a stable dose of metformin was main-
tained for the patients already taking metformin. Patients 
were admitted to the phase I clinical trial ward during the 
baseline period. All subjects remained as inpatients of the 
ward for baseline and titration period, and were served 
standardized meals. On day 42, the patients underwent fol-
low-up data collection either face-to-face or via telephone.

The 28-day titration period was divided into two stages. 
In stage I, 12 subjects received globalagliatin (n = 9) or pla-
cebo (n = 3) at a starting dose of 20 mg once daily; if well 
tolerated [e.g., patients presented no hypoglycemia (hypo-
glycemia was defined as blood glucose ≤ 3.9 mmol/L) and 
FPG > 6.1 mmol/L], the dose was titrated up to 40, 80, and 
120 mg once daily, increased at weekly intervals. Subjects 
in the placebo group underwent a simulated titration to 
maintain blinding. If the subjects showed favorable toler-
ance to a dose of 120 mg, stage II was initiated. This titra-
tion stage involved the 12 remaining subjects (nine in the 
globalagliatin group and three in the placebo group) and 
doses of 80, 160, 240, and 320 mg during weeks 1, 2, 3, 
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and 4, respectively, using a similar approach. Patients with 
FPG ≥ 15 mmol/L for two consecutive days were withdrawn 
from the study.

During both stages, the decision of whether to increase 
the dose was determined based on the patient’s blood glu-
cose level. In the event of clinically significant hypoglyce-
mia, the dose was discontinued (when using the minimum 
dose) or reduced to a well-tolerated level (half the sum of 
the last dose and the current dose). If the dose escalation was 
stopped (e.g., if increasing the dose would have increased the 
risk of hypoglycemia, and the dose could have been main-
tained if the patient’s glucose was well controlled) before the 
maximum dose was reached, no further dose increases were 
permitted. The dose could have been lowered only once for 
each subject, and subjects were withdrawn from the study 
if they still could not have tolerated the lower dose. After 
reaching the maximum or maximum tolerated dose, patients 
continued to take this stable dose until day 28. We defined 
the globalagliatin-treated subjects in stages I and II as low-
dose and high-dose groups, respectively (Fig. 1).

2.3 � Safety Assessments

The primary endpoint of this study was safety. The second-
ary research purpose was to evaluate the pharmacokinetic 
and pharmacodynamic characteristics of globalagliatin, 
including glucose-lowering efficacy and effects on islet func-
tion and insulin sensitivity.

Safety assessments included physical examinations, 
vital signs, 12-lead electrocardiograms, and clinical labo-
ratory tests, including hematology, serum biochemistry, 
and urinalysis tests at weekly intervals and on day 42. If 
the follow-up was conducted by telephone, patients were 
asked about the outcomes of their adverse events (AEs) 
and locally conducted test results. AEs were monitored 
throughout the study. A continuous glucose-monitoring 
device (FreeStyle Libre H, Abbott, Alameda, CA, USA) was 

employed for safety monitoring of interstitial blood glucose 
concentrations.

2.4 � Pharmacokinetic Assessments

Pharmacokinetic samples were collected weekly on days 1, 
7, 14, 21, and 28. Blood samples of approximately 2 mL 
were collected according to the scheduled time points of 
pre-dose, 1, 2, 3, 4, 5, 6, 8, 12, and 24 h post-dose (the 24-h 
samples were to be taken pre-dose on days 2, 8, 15, 22, and 
29). The sampling tubes were slowly inverted four to five 
times immediately after blood collection to mix with antico-
agulant, then centrifuged at 4 °C and 1700 g for 10 min. The 
supernatant plasma samples were transferred and divided 
into two storage tubes for detection and backup, respectively, 
then stored at or below − 60 °C until analysis.

2.4.1 � Determination of Globalagliatin

Plasma globalagliatin concentrations were measured using a 
validated liquid chromatography–tandem mass spectrometry 
(LC–MS/MS) method.

The chromatographic separation was performed on a Shi-
madzu (LC-20AD) HPLC system using an Agela Venusil 
XBP C18 (3 µm, 100 Å, 2.1 × 50 mm) column. The column 
temperature was maintained at 40 °C and chromatographic 
separation was achieved with mobile phase of water con-
taining 5 mM ammonium acetate and 1.0% formic acid, and 
acetonitrile in a designated gradient (0.50 min, B = 40%; 
2.00 min, B = 50%; 2.10 min, B = 90%; 3.10 min, B = 90%; 
3.20 min, B = 40%; 4.20 min, stop) at a flow rate of 0.4 mL/
min. Quantitation was achieved by MS/MS detection in pos-
itive ion mode, using an Applied Biosystems (AB) Sciex 
TRIPLE QUAD 6500 mass spectrometer equipped via an 
electrospray ionization (ESI) source by multiple-reaction 
monitoring (MRM) scanning.

Fig. 1   Study design. 
MMTT mixed meal tolerance 
test
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Plasma samples were processed by protein precipitation 
with acetonitrile. The lower limit of quantification (LLOQ) 
was 0.20  ng/mL, and the upper limit of quantification 
(ULOQ) was 200 ng/mL. Samples above the ULOQ were 
diluted and reanalyzed to yield results within the calibrated 
range. Calibration curves and quality control samples (QCs) 
were included in all analytical runs. Total QCs should num-
ber at least 5% of the total samples analyzed, or be at least 
six in number (low-, mid-, and high-QCs, in duplicate).

2.4.2 � Pharmacokinetic Analysis

Pharmacokinetic parameters were assessed with a noncom-
partmental model using the WinNonlin software (version 
7.0, Pharsight Corporation, Mountain View, CA, USA). The 
following key pharmacokinetic variables were calculated for 
each patient at each dose using the actual sampling time rela-
tive to medication administration on day 1 (first dose) and 
on days 7, 14, 21, and 28 (multiple doses):

Day 1 (first dose): Tmax (time to maximum plasma con-
centration), Cmax (maximum plasma concentration), AUC​
0-24 (area under the plasma concentration–time curve from 
time 0 to 24 h);

Days 7, 14, 21, and 28 (multiple doses): Tmax, Cmax, AUC​
0–tau (area under the concentration versus time curve during 
one dosage interval (24 h) at steady-state), accumulation 
ratio Rac,Cmax [calculated as Cmax (only day 7)/Cmax (day 1)] 
and Rac,AUC​ [AUC​0-tau (only day 7)/AUC​0-24(day 1)], etc.

In this study, terminal half-life could not be calculated 
due to limited sampling time points at terminal elimination 
(only to 24 h post-dose).

2.5 � Pharmacodynamic Assessments

Hemoglobin (HbA1c) was assessed during the screening 
period and glycated albumin (GA) was assessed on day − 1; 
both were again assessed on day 28 after the treatment was 
completed. Blood samples were taken on days − 1, 7, 14, 21, 
and 28 to measure the area under the curve of 24-h glucose 
levels (AUC​0–24,glucose) at the following time points: 0, 0.5, 
1, 2, 3, 4, 5, 6, 8, 10, 11, 12, 14, 18, and 24 h. Only FPG was 
measured throughout the entire titration treatment period, at 
about 8:00 am before breakfast and taking medicine.

Participants underwent a mixed meal tolerance test 
(MMTT) on days − 1 and 28. Blood samples were taken 
at 0, 0.5, 1, 1.5, 2, and 3 h, with consumption of a stand-
ard meal at 0 h. Two-hour glucose level during MMTT 
was called 2-h postprandial glucose (2hPG). These 
samples facilitated the analysis of the following indi-
cators: homeostasis model assessment-IR (HOMA-
IR) = (I0 × G0)/22.5; HOMA-β = (20 × I0)/(G0 − 3.5); Mat-
suda’s insulin sensitivity index (Matsuda index) = 1000/
((I0[µIU/ml] × G0[mg/dl])^(1/2) × (mean MMTT G[mg/

dl] × mean MMTT I[µIU/ml])); ΔI30/ΔG30 = (I30 − I0)/
(G30 − G0); ΔC30/ΔG30 = (C30 − C0)/(G30 − G0); AUC​
0–180,insulin/AUC​0–180,glucose = (0.25 × I0 + 0.5 × I30 + 0.5 × 
I60 + 0.5 × I90 + 0.75 × I120 + 0.5 × I180)/(0.25 × G0 + 0.5 × 
G30 + 0.5 × G60 + 0.5 × G90 + 0.75 × G120 + 0.5 × G180), 
and AUC​0–180,C-peptide/AUC​0–180,glucose = (0.25 × C0 + 0.5 × 
C30 + 0.5 × C60 + 0.5 × C90 + 0.75 × C120 + 0.5 × C180)/
(0.25 × G0 + 0.5 × G30 + 0.5 × G60 + 0.5 × G90 + 0.75 × 
G120 + 0.5 × G180) (the subscript numbers indicate the time 
in minutes, I represents insulin (µIU/mL), G represents glu-
cose (mmol/L), C represents C-peptide (ng/mL), and AUC 
represents the area under the curve). Insulin and C-peptide 
levels were analyzed using electrochemiluminescence 
(Roche Diagnostics GmbH, Mannheim, Germany).

2.6 � Statistics

All statistical analyses were performed using the SAS soft-
ware (version 9.4, SAS Institute, Cary, NC, USA). The 
Kruskal–Wallis H test was performed to compare the base-
line data. FPG, AUC​0–24,glucose, GA, HbA1c, Matsuda index, 
and AUC​0–180,C-peptide/AUC​0–180,glucose, which were suitable to 
use the analysis of covariance (ANOVA), were adjusted for 
corresponding baseline values and whether to use metformin 
per group. Least-squares (LS) means and 95% confidence 
intervals (CIs) were calculated for each group. A two-sided 
significance level of 0.05 was used. HOMA-IR, HOMA-β, 
ΔI30/ΔG30, ΔC30/ΔG30, and AUC​0–180,insulin/AUC​0–180,glucose 
were expressed as median (interquartile range).

3 � Results

3.1 � Study Subjects

Between January and November 2018, 63 individuals 
were assessed for eligibility. Finally, 24 participants were 
randomized to receive globalagliatin or placebo at a 3:1 
ratio. In stage I (20, 40, 80, and 120 mg), 12 subjects were 
enrolled (n = 9 in the globalagliatin group; n = 3 in the pla-
cebo group). Two participants in the globalagliatin group 
were withdrawn from the study on days 4 and 7 owing to 
high FPG levels (OSM, Fig. 3). Among the seven remain-
ing participants in the globalagliatin group, six reached the 
120 mg dose, while one remained at 20 mg. Stage II (doses 
of 80, 160, 240, and 320 mg) commenced if no hypoglyce-
mic episodes occurred. Six subjects tolerated the highest 
dose of 320 mg, while the three remaining individuals in the 
globalagliatin group tolerated maximum doses of 120, 160, 
and 200 mg, respectively. The patients’ baseline characteris-
tics are presented in Table 1. No significant differences were 
recorded in baseline indicators among the groups.
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Table 1   Baseline characteristics

Data are reported as mean (SD) unless specified otherwise
We defined the globalagliatin treatment subjects in stages I and II as low-dose (20, 40, 80, and 120  mg) and high-dose (80, 160, 240, and 
320 mg) groups, respectively
The Kruskal–Wallis H test was performed to compare data
BMI body mass index, HbA1c glycated hemoglobin, GA glycated albumin, FPG fasting plasma glucose, 2hPG 2-h postprandial plasma glucose

Characteristics Placebo (n = 6) Globalagliatin P value

Stage I (low-dose) (n = 9) Stage II (high-dose) 
(n = 9)

Age (years) 52.67 (5.65) 51.11 (11.60) 51.11 (7.61) 0.731
Male patients [n (%)] 3 (50.0) 6 (66.7) 5 (55.6) 0.803
Type 2 diabetes duration (years) 2.55 (2.45) 1.06 (0.66) 1.92 (1.95) 0.851
Patients with metformin [n (%)] 3 (50.0) 8 (88.8) 5 (55.6) 0.211
BMI (kg/m2) 25.48 (4.09) 24.25 (2.10) 24.10 (3.67) 0.725
HbA1c (%) 9.27 (0.83) 8.34 (1.18) 8.27 (0.95) 0.108
GA (%) 24.33 (2.80) 22.56 (4.30) 21.44 (3.43) 0.280
FPG (mmol/L) 10.51 (1.45) 10.54 (2.46) 9.80 (1.10) 0.704
2hPG (mmol/L) 16.84 (2.50) 16.78 (2.78) 14.66 (2.80) 0.198
Fasting insulin (µIU/mL) 5.92 (2.30) 7.09 (4.45) 6.89 (3.62) 0.983
Fasting C-peptide (ng/mL) 2.19 (0.54) 2.00 (0.75) 2.00 (0.62) 0.626

Table 2   Summary of study safety results

TEAE treatment-emergent adverse event

Safety variable Globalagliatin Placebo (n = 6)

Low-dose group (n = 9) High-dose group (n = 9)

n (%) n (%) n (%)

TEAE 7 (77.8) 9 (100) 6 (100)
 Treatment-related AE 6 (66.7) 8 (88.9) 3 (50)
 Leading to discontinuation 0 0 0
 Serious AE 0 0 0
 Grade 3 severity 0 0 0
 Death 0 0 0

Treatment-related AE
 Hypochloremia 1 (11.1) 0 0
 Hyponatremia 1 (11.1) 0 0
 Hypertriglyceridemia 2 (22.2) 3 (33.3) 0 (0)
 Hypoglycemia 0 3 (33.3) 0
 Hyperuricemia 0 2 (22.2) 0
 Sinusitis 1 (11.1) 0 0
 Urinary tract infection 0 0 1 (16.7)
 Gastrointestinal infection 1 (11.1) 0 0
 QT interval prolonged on ECG 1 (11.1) 0 0
 Blood urea increased 1 (11.1) 0 0
 PR interval prolonged on ECG 0 1 (11.1) 0
 Myasthenia 1 (11.1) 0 0
 Sinus bradycardia 2 (22.2) 4 (44.4) 2 (33.3)
 Sinus arrhythmia 0 1 (11.1) 0
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3.2 � Safety Results

Treatment-emergent adverse events (TEAEs) were reported 
in 7/9 (77.8%) and 9/9 (100%) patients in the low-dose and 
high-dose globalagliatin groups, respectively. The occur-
rence of TEAEs was 100% (6/6) in the placebo group. No 
serious adverse effects (SAEs), severe hypoglycemia, or noc-
turnal hypoglycemia were observed. The incidence of AEs 
overall and TEAEs was moderately higher in the high-dose 
group relative to the placebo group, owing to the increased 
incidence of hypertriglyceridemia and hypoglycemia.

The rates of hypertriglyceridemia were 22.2% (2/9), 
33.3% (3/9), and 0% (0/6) in the low-dose, high-dose, and 
placebo groups, respectively, with mean (SD) changes 
of TG on day 28 (relative to baseline) of − 0.07 (0.23) 
mmol/L, 0.24 (0.65)mmol/L, and 1.27 (1.52) mmol/L. 

Hypertriglyceridemia in all five patients returned to nor-
mal during the titration period or at follow-up, and the 
highest level of TG was 4.72 mmol/L (normal reference 
ranges 0–2.25 mmol/L). Two patients already had hyper-
triglyceridemia at baseline and required lipid-lowering 
agents after titration because of the continued increase in 
TG levels. Hypoglycemia was not observed in the placebo 
or low-dose groups. However, 3/9 (33.3%) subjects in the 
high-dose group had a total of 18 episodes of hypoglyce-
mia at 120–320 mg, all before daytime meals, and 3/18 
(16.7%) showed hypoglycemia with the administration of 
glucose < 3.0 mmol/L. These cases of hypoglycemia were all 
asymptomatic, and glucose levels returned to normal either 
without intervention or by eating food such as candy. Two 
participants in the high-dose group had their globalagliatin 

Fig. 2   Mean plasma concentration of globalagliatin versus nominal 
time profiles by day. Plasma concentration (mean ± SD) of globala-
gliatin: a (linear scale, stage I), b (semi-logarithmic scale, stage I), 
c (linear scale, stage II), and d (semi-logarithmic scale, stage II). 

The scheduled time points were up to 24 h post-dose on days 1 and 
7 (20 mg in stage I and 80 mg in stage II), 14 (40 mg in stage I and 
160 mg in stage II), 21 (80 mg in stage I and 240 mg in stage II), and 
28 (120 mg in stage I and 320 mg in stage II)
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dose reduced (from 160 to 120 mg, and 240 to 200 mg) 
because of hypoglycemia.

A female patient in the low-dose group had an extended 
QT interval corrected by Bazett’s formula (QTcB; mean 
value of three measurements), which occurred four times 
(within 1 h before drug administration in the morning at 
doses of 40, 80, 80, and 120 mg). All the QTcB values 
were < 470 ms and returned to normal within 3 h after the 
administration of globalagliatin without any further inter-
vention. The QTcB value remained at normal levels on day 
42.

Myasthenia was observed in a male participant in the low-
dose group on day 24. The patient felt a little weak in the 
upper limbs, and head magnetic resonance imaging indi-
cated sinusitis, which resolved without intervention. The 
myasthenia showed improvement 1 month after globalagli-
atin discontinuation. Other AEs were transient, including 
sinus bradycardia, sinus arrhythmia, prolonged PR interval, 
hypochloremia, hyponatremia, increased blood urea, and 
gastrointestinal infection (Table 2).

3.3 � Pharmacokinetic Analysis

Following once-daily titration with ascending doses of 
globalagliatin of 20–120 mg (stage I) and 80–320 mg 

(stage II) for 7  days, the mean Cmax of globalagliatin 
increased from 7.76 to 138.13 ng/mL (stage I), and 29.36 
to 471.50 ng/mL (stage II); AUC​0-24 increased from 106.13 
to 2461.95 ng·h/mL (stage I) and 369.71 to 9218.38 ng·h/
mL (stage II). The mean plasma concentration–time pro-
files of gobalagliatin were depicted in Fig. 2. The descrip-
tion of pharmacokinetic parameters was  summarized in 
Table 3. 

After oral administration, globalagliatin was gradu-
ally absorbed, reaching a mean Cmax at a median time of 
approximately 3–5 h, and was then slowly eliminated.

There was no significant difference in trough plasma 
concentration between days 6 and 7 (Fig. 3), indicating 
that steady-state conditions were achieved after 7 days of 
daily dosing with 20, 40, 80, and 120 mg (stage I) and 
80, 160, 240, and 320 mg (stage II). Exposure, based 
on Cmax and AUC​0–tau during a dosing interval at steady 
state, increased in a more than proportionate manner with 
increasing doses over the dose ranges of 20–120, 80–320, 
and 20–320 mg.

The mean Rac,Cmax and Rac,AUC​ were 2.02 and 2.43, 
respectively, after 7 days of once-daily dosing with 20 mg 
during stage I, and 2.39 and 2.67, respectively, after 7 days 
of once-daily dosing with 80 mg during stage II (Table 3). 
Based on these accumulation ratio values > 2, moderate 

Table 3   Major pharmacokinetic parameters after single and multiple doses over the dose range of 20, 40, 80, and 120 mg in stage I, and 80, 160, 
240, and 320 mg in stage II

All data are reported as mean (SD), except Tmax, which is reported as median (range)
Tmax time to maximum plasma concentration, Cmax maximum plasma concentration, AUC​0–tau (shown for multiple doses) area under the concen-
tration versus time curve during one dosing interval at steady-state, AUC​0–24 (shown for single dose) area under the concentration of glucose-
time curve from time 0 to 24 h, RacCmax accumulation ratio based on Cmax, RacAUC​ accumulation ratio based on AUC, qd once daily

Parameter (stage I) Single dose Multiple dose

20 mg qd (D1) (n = 9) 20 mg qd (D7) (n = 7) 40 mg qd (D14) (n = 6) 80 mg qd (D21) (n = 6) 120 mg qd (D28) 
(n = 6)

Tmax (h) 4.00 (2.00–6.00) 5.00 (2.00–6.00) 3.00 (2.00–6.00) 3.00 (2.00–12.00) 3.50 (3.00–12.00)
Cmax (ng/mL) 7.76 (4.18) 14.43 (6.33) 32.73 (17.52) 84.07 (35.03) 138.13 (62.98)
AUC​0–tau/AUC0–24 

(ng·h/mL)
106.13 (48.43) 244.09 (115.65) 560.13 (319.85) 1431.40 (724.19) 2461.95 (1221.50)

Rac,Cmax – 2.02 (0.47) – – –
Rac,AUC​ 2.43 (0.41) – – –

Parameter (stage II) Single dose Multiple dose

80 mg qd (D1) (n = 9) 80 mg qd (D7) (n = 9) 160 mg qd (D14) 
(n = 8)

240 mg qd (D21) 
(n = 6)

320 mg qd (D28) 
(n = 6)

Tmax (h) 5.00 (2.00–6.00) 4.00 (2.00–6.00) 5.00 (3.00–6.00) 5.00 (2.00–6.00) 6.00 (2.00–12.00)
Cmax (ng/mL) 29.36 (12.28) 69.43 (36.31) 183.88 (93.29) 342.00 (155.30) 471.50 (238.35)
AUC​0–tau/AUC​0–24 

(ng·h/mL)
369.71 (149.28) 1009.35 (539.11) 3036.75 (1658.48) 6028.20 (2924.34) 9218.38 (5846.73)

Rac,Cmax – 2.39 (0.75) – – –
Rac,AUC​ – 2.67 (0.48) – – –
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drug accumulation was evident following once-daily dos-
ing for 7 days.

3.4 � Pharmacodynamics

The FPG showed a continuous decline during the titration 
period, and its reduction from baseline gradually became 
greater with increasing drug administration time and dose, 
and the same trend was shown in AUC​0–24,glucose, but with 
less monitoring points (Fig. 4a, b).

Compared with the placebo, low-dose globalagliatin 
nonsignificantly increased the reductions in FPG, AUC​
0–24,glucose, and GA on day 28 (relative to baseline); high-dose 
globalagliatin significantly increased the reductions in FPG, 
AUC​0–24,glucose and GA, with LS mean changes (relative to 

baseline) of − 4.08 mmol/L (95% CI − 5.05 to − 3.12) 
(P < 0.01), − 103.93 mmol/L (95% CI − 135.80 to − 72.06) 
(P < 0.01), and − 4.71% (− 6.91 to − 2.51) (P < 0.01), 
respectively. No significant differences were observed in 
HbA1c among any of the groups (Table 4).

Both IR and β-cell function were assessed by the 
MMTT at baseline and on day 28. Compared with the 
placebo and low-dose group, high-dose globalagliatin sig-
nificantly increased the Matsuda index (P < 0.01), indicat-
ing improved insulin sensitivity. AUC​0–180,C-peptide/AUC​
0–180,glucose increased after the administration of globalagli-
atin, but was nonsignificant (Table 4). Decreased HOMA-IR 
and 2hPG, and improved several β-cell function indicators, 
such as AUC​0-180,insulin/AUC​0–180,glucose, ΔI30/ΔG30 and ΔC30/
ΔG30, were calculated after the administration of high-dose 

Fig. 3   Mean pre-dose plasma concentration of globalagliatin versus 
day plots by up-titration of the dose every 7 days and 28 days of once-
daily dosing. Pre-dose plasma concentration (mean ± SD) of globala-
gliatin: a (linear scale, stage I), b (semi-logarithmic scale, stage I), c 
(linear scale, stage II), and d (semi-logarithmic scale, stage II). The 

scheduled time points were pre-dose on days 1, 7, 14, 21, 28, and 
24 h post-dose (the 24-h samples were to be taken pre-dose on days 2, 
8, 15, 22, and 29). Stage I: 20 mg (n = 9), 40 mg (n = 6), 80 mg (n = 6) 
and 120 mg (n = 6); stage II: 80 mg (n = 9), 160 mg (n = 8), 240 mg 
(n = 6) and 320 mg (n = 6)
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globalagliatin, but were not suitable for using ANOVA 
(OSM, Table 3).

4 � Discussion

The study design, which involved stepwise dose increases 
until glycemic control was achieved, was in accordance 
with the expected future use of globalagliatin. All subjects 
remained hospitalized and received standardized meals for 
the duration of the 28-day study treatment. This facilitated 
the observation of drug effects and reduced the effects of 
several other issues, such as differences in diet and lifestyle. 
We recruited participants with fasting plasma C-peptide lev-
els ≥ 1 ng/mL to exclude patients who might have required 
basal insulin therapy.

Hypoglycemic episodes occurred only in the high-dose 
group, without severe, nocturnal, or symptomatic hypo-
glycemia. An increase in TG levels associated with the 
administration of globalagliatin was identified, which has 
also been observed with other GKAs [6–8]. These findings 
suggest that GKAs increase hepatic GK activity. The high 
incidence of hypertriglyceridemia in the high-dose group 
requires further investigation. One patient in the low-dose 

group had QT prolongation with all the QTcB val-
ues < 470 ms, and returned to normal within 3 h after the 
administration of globalagliatin without intervention. The 
effect of GKAs on the QTc interval was also shown with 
piragliatin treatment in a dose-dependent manner [11]. 
One subject in the low-dose group had mild myasthenia, 
which has not been reported for other GKAs, and seems 
to have no relationship to the mechanism of action for 
globalagliatin. The case of myasthenia improved 1 month 
after globalagliatin discontinuation. These adverse effects 
need to be monitored in the phase II study. Another com-
mon adverse effect of GKAs, elevated liver enzymes, did 
not occur.

Following once-daily titration with ascending doses of 
globalagliatin of 20–120 mg (stage I) and 80–320 mg (stage 
II for 7 days, globalagliatin was absorbed with peak plasma 
concentrations at approximately 3.00–5.00 h, and the Cmax 
and AUC​0–24 increased with ascending dose levels from 20 
to 320 mg. The inter-individual variability in Cmax and AUC​
0–24 values was considerable. The steady-state conditions 
were achieved after 7 days of daily dosing for each dose 
level, which was in line with the previous phase Ib studied in 
Caucasian, African, and mixed patients with type 2 diabetes 
and phase Ia studyed in Chinese healthy subjects (Data not 

Fig. 4   Effects of globalagliatin on fasting plasma glucose and 24-h 
glucose levels. a Change in fasting plasma glucose (FPG) concentra-
tion–time curve relative to baseline; b change in the area under the 

curve of 24-h glucose (AUC​0-24, glucose) from baseline to days 7, 14, 
21, and 28. Data are mean (SD)
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published). In both stages, slight accumulation of globala-
gliatin was observed with a mean Rac of 2–3 based on Cmax 
and AUC​0–24. Therefore the pharmacokinetic results, com-
bined with previous phase I study conclusions, supported 
the practice of dose escalation every 7 days and once-daily 
oral administration of globalagliatin, which is a convenient 
regimen.

During the dose-titration period, FPG reduction (relative 
to baseline) was greater in the globalagliatin groups than in 
the placebo group, showing both time and dose dependence. 
Because this was a 28-day dose-titration study, we focused 
on GA, which reflects the mean blood glucose level in the 
previous 2–3 weeks, rather than on HbA1c, to evaluate ther-
apeutic efficacy. On day 28, the reductions in GA, FPG, and 
AUC​0–24,glucose (relative to baseline) were significantly higher 
in the high-dose group than in the placebo group, indicating 
a favorable hypoglycemic effect of globalagliatin. A nonsig-
nificant decline in HbA1c was noted in the high-dose group 
relative to the placebo group, which could be attributed to 
the ascending-dose design and short treatment period.

Insulin resistance is a major pathogenesis of type 2 
diabetes [12]. The risk of IR is difficult to estimate. With 
an estimated prevalence of 33% in America by 2050, IR 

is a leading cause of mortality [13]. It is associated with 
many diabetes-related diseases, such as hypertension, dys-
lipidemia, and cardiovascular disease (including coronary 
heart disease) [14, 15]. Therefore, improving IR and glyce-
mic control are major targets of type 2 diabetes treatment, 
particularly during the early stages of the disease [16].

In the present study, globalagliatin reduced HOMA-IR in 
the high-dose group, which was consistent with the results 
of previous research in dorzagliatin [10]. HOMA-IR primar-
ily reflects hepatic IR [17]; however, IR includes hepatic 
and peripheral IR, which can be reflected by the Matsuda 
index derived from the MMTT results. The high-dose group 
exhibited a significantly increased Matsuda index (compared 
with both the low-dose globalagliatin and placebo groups), 
and, to our knowledge, this is the first time this has been 
achieved in clinical trials involving GKAs. Thus, we specu-
late that an adequate dose of globalagliatin may improve 
IR, which suggests a potentially novel clinical indication 
for globalagliatin.

This study had several limitations. The first is the rela-
tively small sample size and inclusion of only Chinese par-
ticipants. Second, the 28-day treatment period was too short. 
Studies of several GKAs, such as AZD1656 and MK-0941, 

Table 4   Change in glycemic variables, insulin sensitivity, and islet function variables from baseline to day 28

Changes from baseline data are expressed as least-squares (LS) mean change (95% CI) and P values for between-group differences relative to the 
placebo group after adjusting for corresponding baseline values, and metformin use per group
FPG fasting plasma glucose, AUC​0–24,glucose area under the curve of 24-h glucose levels, HbA1c hemoglobin, GA glycated albumin, Matsuda 
index Matsuda’s insulin sensitivity index, AUC​0–180,C-peptide/AUC​0–180,glucose area under the curve of 0–180 min C-peptide/the area under the curve 
of 0–180 min glucose during the mixed meal tolerance test

Variable Placebo (n = 6) Globalagliatin

Low-dose group (n = 7) High-dose group (n = 9)

FPG
 LS mean (95% CI) − 1.08 (− 2.36 to 0.20) − 2.57 (− 3.82 to − 1.32) − 4.08 (− 5.05 to − 3.12)
 P value – 0.107 0.001

AUC​0–24,glucose

 LS mean (95% CI) − 13.87 (− 54.09 to 26.34) − 60.35 (− 100.24 to − 20.47) − 103.93 (−135.80 to − 72.06)
 P value – 0.111 0.002

HbA1c
 LS mean (95% CI) − 0.48 (− 1.11 to 0.16) − 0.88 (− 1.36 to − 0.40) − 1.10 (−1.50 to − 0.71)
 P value – 0.309 0.093

GA
 LS mean (95% CI) 0.62 (− 2.51 to 3.75) − 2.61 (− 5.23 to 0.02) − 4.71 (− 6.91 to − 2.51)
 P value – 0.126 0.009

Matsuda index
 LS mean (95% CI) − 1.26 (− 3.86 to 1.33) − 0.30 (− 2.39 to 1.80) 3.65 (1.90 to 5.39)
 P value – 0.547 0.004

AUC​0–180,C-peptide/AUC​0–180,glucose

 LS mean (95% CI) 0.08 (− 0.02 to 0.18) 0.17 (0.07 to 0.27) 0.18 (0.10 to 0.26)
 P value – 0.184 0.116
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have reported that glycemic improvements are not sus-
tained with continuing therapy [7, 8], while dorzagliatin 
and PF-04937319 have still shown good glycemic control 
at week 12 [9, 10]. Therefore, further research is needed to 
verify the long-term safety and efficacy of globalagliatin.

5 � Conclusion

In conclusion, our study showed that globalagliatin was well 
tolerated and showed favorable pharmacokinetic profiles in 
Chinese patients with type 2 diabetes. High daily doses of 
globalagliatin reduced plasma glucose and improved IR. 
Although globalagliatin was related to a higher incidence 
of hypoglycemia and hypertriglyceridemia, these adverse 
effects were mild and have been reported for other GKAs. 
Based on our results, the phase II study will use 80 mg daily 
as the starting dose, while the safety and efficacy of globala-
gliatin will be assessed in a larger cohort and over a longer 
period.
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