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Abstract

English

Dapagli ozin is a SGLT2 inhibitor used in the management of type 2 diabetes. Its e ect is
based on the reduction of plasma glucose levels by promoting glucose excretion in the urine.
The pharmacokinetics and pharmacodynamics of dapagli ozin exhibit considerable interindivid-
ual variability, which is in uenced by patient-speci c factors and potentially a ects therapeutic
outcomes. In this study, a physiologically based pharmacokinetic/ pharmacodynamic (PBP-
K/PD) model was developed to systematically assess how these factors in uence dapagli ozin
disposition. Using curated data from 27 clinical trials, a modular SBML-based model with
sub-models for intestinal absorption, hepatic metabolism and renal excretion was developed.
Parameter optimization resulted in good agreement between simulations and observed clinical
PK/PD proles. The validated model accurately reproduced dose-dependent kinetics within
the therapeutic range, captured the e ects of physiological variability and functional impair-
ments, and simulated food-drug interactions. In addition, the model enabled direct comparison
of urinary glucose excretion (UGE) under renal and hepatic impairment. Results showed that
renal dysfunction substantially reduces UGE, while hepatic impairment has only a minor e ect.
Furthermore, the simulations revealed that food intake, although not altering total systemic
exposure AU C), signi cantly a ects peak concentrations ( Cmax), Which in turn in uences phar-
macodynamic outcomes such as UGE. This suggests a clinically relevant food e ect that is often
underestimated. Despite some limitations, the model o ers mechanistic insight into the sources
of PK/PD variability and supports individualized dosing strategies, contributing to predictive
tools for personalized diabetes management and pharmacotherapy optimization.

Deutsch

Dapagli ozin ist ein SGLT2-Hemmer, der bei der Behandlung von Typ-2-Diabetes eingesetzt
wird. Seine Wirkung beruht auf der Senkung des Plasmaglukosespiegels durch Ferderung
der Glukoseausscheidung wber den Urin. Die Pharmakokinetik und Pharmakodynamik von
Dapagli ozin weisen eine betrachtliche interindividuelle Variabiliat auf, die von patienten-
spezi schen Faktoren beein usst wird und sich potenziell auf die therapeutischen Ergebnisse
auswirkt. In dieser Studie wurde ein physiologisch basiertes pharmakokinetisches/pharmakody-
namisches (PBPK/PD) Modell entwickelt, um systematisch zu bewerten, wie diese Faktoren die
Dapagli ozin-Disposition beein ussen. Unter Verwendung kuratierter Daten aus 27 klinischen
Studien wurde ein modulares SBML-basiertes Modell mit Untermodellen fur die intestinale Ab-
sorption, den hepatischen Sto wechsel und die renale Ausscheidung entwickelt. Die Optimierung
der Parameter fahrte zu einer guten Ubereinstimmung zwischen den Simulationen und den
beobachteten klinischen PK/PD-Pro len. Das validierte Modell gab die dosisabhangige Kinetik
innerhalb des therapeutischen Bereichs genau wieder, erfasste die Auswirkungen physiologischer
Variabiliat und funktioneller Beeintrachtigungen und simulierte Wechselwirkungen zwischen
Nahrungsmitteln und Arzneimitteln. Damber hinaus ermeglichte das Modell einen direkten
Vergleich der Glukoseausscheidung im Urin (UGE) bei Nieren- und Leberfunktionssirungen.
Die Ergebnisse zeigten, dass eine Nierenfunktionss®rung die UGE erheblich reduziert, wahrend
eine Leberfunktionsst®rung nur einen geringen Ein uss hat. Damber hinaus zeigten die Sim-
ulationen, dass die Nahrungsaufnahme zwar die systemische GesamtexpositioAl C) nicht
verandert, aber die Spitzenkonzentrationen Cnax) erheblich beein usst, was wiederum phar-
makodynamische Ergebnisse wie die UGE beein usst. Dies deutet auf einen klinisch relevanten
Nahrungsmittele ekt hin, der hau g unterschatzt wird. Trotz einiger Einschrankungen bietet

das Modell mechanistische Einblicke in die Quellen der PK/PD-Variabiliat und unterststzt
individualisierte Dosierungsstrategien, was zu pradiktiven Instrumenten far ein personalisiertes
Diabetesmanagement und die Optimierung der Pharmakotherapie beitragt.



1 Introduction

Diabetes mellitus, commonly known as diabetes, is a chronic metabolic disorder characterized
by elevated blood glucose (hyperglycemia). This condition arises when the body is unable to
produce su cient insulin, a hormone essential for regulating blood sugar, or cannot e ectively
utilize the insulin it produces. Insulin, secreted by the pancreas, facilitates the transport of
glucose from the bloodstream into tissues such as muscle, adipose tissue and liver, where it is
either converted into energy or stored. Without adequate insulin function, glucose accumulates
in the blood, leading to the hallmark of diabetes: persistent hyperglycemia [52].

The two most common forms of diabetes are Type 1 diabetes (T1DM) and Type 2 diabetes
(T2DM). T1DM is an autoimmune condition in which the body's immune system destroys the
beta cells that produce insulin in the pancreas, resulting in little or no insulin production. It
typically develops in children or young adults and requires lifelong insulin therapy. In contrast,
T2DM, which accounts for approximately 90% of all diabetes cases, is primarily characterized
by insulin resistance, where the body's cells do not respond e ectively to insulin, and a relative
insulin de ciency due to progressive beta cell dysfunction [2]. It is often associated with factors
such as obesity, age, and family history and may remain undiagnosed for years due to subtle
or absent symptoms. Both types, if left untreated, can lead to serious complications such
as cardiovascular disease, kidney damage (nephropathy), nerve damage (neuropathy), lower-
limb amputation, and vision loss due to retinal damage [21, 52]. In 2021, an estimated 537
million people were living with diabetes, with projections suggesting this number will rise to 643
million by 2030 and 783 million by 2045 [52]. Improved prevention, diagnosis, and management
strategies are urgently needed.

1.1 Blood glucose regulation

The regulation of blood glucose levels is a complex process involving many organs. After car-
bohydrates are ingested with food, they are digested into glucose in the gastrointestinal tract
with the help of enzymes. In the small intestine glucose is actively absorbed by enterocytes via
speci c membrane proteins, because glucose cannot pass through the lipid bilayer on its own
due to its polar properties [1]. The glucose transporters can be divided into two structurally and
functionally di erent groups: the Na * -independent glucose transporter (GLUT) and the Na" -
dependent glucose cotransporter (SGLT) [72]. Once absorbed, glucose enters the bloodstream,
where insulin, secreted by the pancreas, plays a critical role in regulating its distribution and
use. Insulin facilitates the uptake of glucose into insulin-sensitive tissues such as muscle and
adipose tissue, where it is used as an energy source or stored as glycogen. In addition, insulin
suppresses glucose production in the liver, contributing to overall blood glucose homeostasis
[45].

In individuals with normal glucose tolerance, almost all glucose is completely reabsorbed in
the proximal renal tubule. This reabsorption is mainly facilitated by the SGLT2 transporter
(90%) and the SGLT1 transporter (10%) [60, 56], see Fig. 1. Once transported into the proximal
tubule cells of the kidney by the SGLT2 transporter, glucose exits the basolateral cell membrane
through the GLUT2 transporter [1]. When glucose becomes very high in untreated diabetes,
glucose can be excreted via the kidneys, a process called glucosuria. This e ect was already
observed in 1674 by the British physician Thomas Willis, who described the urine of diabetic
patients as sweet-tasting. Consequently, the condition was given the scienti c name \diabetes
mellitus,” with mellitus derived from the Latin word meaning \honey-sweet."



Figure 1: Glucose reabsorption in the kidney. Glucose is ltered at the glomerulus and then reabsorbed in the
proximal tubule. The reabsorption is primarily (90%) facilitated by the sodium-glucose cotransporter 2 (SGLT2),
located in segment 1 of the proximal convoluted tubule (PCT), and 10% by the sodium-glucose cotransporter 1
(SGLT1), located in segment 3 of the proximal straight tubule (PST). The process is completed before reaching
the distal tubule, loop of Henle, and collecting duct, where no further glucose reabsorption occurs [60, 56, 3].

1.2 SGLT2 inhibitors

In 2012, the kidney emerged as a promising target for blood glucose-lowering therapies due to
its critical role in glucose homeostasis through glomerular lItration and reabsorption of glucose
in the proximal convoluted tubule of the nephron via sodium-glucose cotransporters (SGLTS)
[73]. Blocking the SGLT2 transporter, which is responsible for most of glucose reabsorption
in the kidney, prevents glucose from being reabsorbed into the bloodstream. This mechanism
facilitates glucose excretion via urine, thus lowering blood glucose levels.

This process is used by a novel class of drugs known as SGLT2 inhibitors (also known as gli ozines
or ozines), developed speci cally for the treatment of T2DM. Beyond their primary e ect of re-
ducing blood glucose levels, SGLT2 inhibitors o er additional bene ts, including the prevention

of hypoglycemia, modest weight loss, and improved cardiovascular outcomes [60]. These advan-
tages make SGLT2 inhibitors an attractive option for addressing the multifaceted challenges of
managing T2DM.

1.3 Dapagli ozin

An important representative of SGLT2 inhibitors is dapagli ozin, the rst SGLT2 inhibitor to

be approved. Farxiga, a tablet form of dapagli ozin, was approved in 2014 to improve blood
glucose control in adults with T2DM in combination with diet and exercise, and seven years
later also to reduce the risk of worsening kidney function, kidney failure, cardiovascular death
and hospitalization for heart failure in adults with chronic kidney disease. Dapagli ozin is
popular due to its pharmacokinetic and pharmacodynamic properties such as oral e cacy and
high selectivity [6, 5]. Dapagli ozin has demonstrated HbAlc-lowering e cacy in both the short
and long term [18, 51].

1.4 Dapagli ozin pharmacokinetics

Pharmacokinetics, which describes the movement of a drug within the body (including its
absorption, distribution, metabolism, and excretion (ADME)) plays a crucial role in under-

standing how medications achieve their therapeutic e ects. For dapagli ozin, this process is
well-characterized. Orally administered dapagli ozin is rapidly absorbed and generally reaches



peak plasma concentrations within 2 hours with a half-life of approximately 13 hours. It shows

a dose-proportional systemic exposure over a wide dose range (0.1-500 mg) and has an oral
bioavailability of about 78%. Metabolization occurs predominantly in the liver and kidneys
through Uridine 5'-diphospho-glucuronosyltransferase 1A9 (UGT1A9), which leads to the for-
mation of the main metabolite dapagli 0zin-3-O-glucuronide (D3G). Approximately 60% of the
administered dose is metabolized via glucuronidation and excreted in the urine as dapagli ozin-
3-0O-glucuronide, while less than 2% of the dose is recovered in the urine as the parent compound
[5, 54], see Fig. 2.

Figure 2: Summary of administration, clearance, metabolism and elimination. After administration,
dapagli ozin, with an oral bioavailability of 78% and a half-life of 12{13 hours, is taken up by the liver and
metabolized primarily (85%) by Uridine 5'-diphospho-glucuronosyltransferase 1A9 (UGT1A9) to dapagli ozin-3-
O-glucuronide (D3G). Excretion occurs via the intestines and kidneys, with urinary excretion comprising approx-
imately 2% unchanged dapagli ozin and 60{80% as dapagli 0zin-3-O-glucuronide [5, 54].

1.5 Dapagli ozin pharmacodynamics

Pharmacodynamics refers to the study of the e ects of drugs on the body, including how they
interact with receptors, enzymes, or other molecular targets to produce therapeutic e ects. It
involves understanding drug potency, e cacy, and the dose-response relationship, which guide
the appropriate dosing and prediction of side e ects.

SGLT2 inhibitors, such as dapagli ozin, improve glycemic control in patients with T2DM by
lowering plasma glucose levels through SGLT2 inhibition, resulting in a decrease in the renal
threshold for glucose excretion (RTG) due to reduced renal glucose reabsorption, thus promoting
urinary glucose excretion (UGE) [34, 61]. Treatment with dapagli ozin leads to a reduction in
the maximum renal glucose reabsorptive capacity (TmG) in both diabetic and non-diabetic
subjects and to an increase in the splay | mechanisms that promote glucosuria by lowering the
threshold for the excretion of glucose in the urine [11].



1.6 Hepatic and renal impairment

People with diabetes, particularly T2DM, are at increased risk of developing comorbidities
such as chronic kidney disease (CKD) and metabolic dysfunction-associated fatty liver disease
(MAFLD). These conditions can result in changes in key physiological parameters such as hepatic
blood ow, plasma protein binding, and biliary excretion, all of which can a ect the pharma-
cokinetics of a drug [34]. Such changes can aect the e cacy and safety of a drug and may
require dose adjustments.

Clinical markers such as the Child-Turcotte-Pugh (CTP) score for liver function and the glomeru-
lar Itration rate (GFR) for kidney function are commonly used to assess the degree of func-
tional impairment in these organs, guiding dose adjustments for drugs processed by the liver
and kidneys (see Fig. 3). The CTP score combines serum bilirubin, serum albumin, ascites, and
hepatic encephalopathy and prothrombin time to estimate the severity of cirrhosis and progno-
sis of chronic liver disease [7, 57]. The glomerular Itration rate (GFR) is a measure of kidney
function that quanti es the amount of blood Itered by the glomeruli.

Figure 3: Impairment strength in liver-kidney dysfunction. Impairments in liver and kidney function
signi cantly a ect drug metabolism and excretion. Hepatic impairment is commonly evaluated using the Child-
Turcotte-Pugh (CTP) score, which classies liver function based on clinical and laboratory markers. Renal
impairment is assessed by the glomerular ltration rate (GFR), with reduced GFR indicating diminished kidney
function and lower drug clearance. Both the CTP score and GFR are essential for adjusting medication dosing
to ensure safe and e ective treatment in patients with liver or kidney dysfunction [67, 50].

Both the kidneys and the liver play an important role in the metabolism of dapagli ozin. Re-
nal functional impairment has a major e ect of dapagli ozin pharmacokinetics and pharma-
codynamics. With decreasing renal function, the plasma concentrations of dapagli ozin and
dapagli ozin-3-O-glucuronide increase and the cumulative amount of glucose excreted in the
urine decreases, resulting in reduced e cacy [33]. In patients with impaired liver function, as
measured by a higher CTP score, increased exposure to dapagli ozin may pose safety risks [67,
34]. It is recommended to assess renal function before starting dapagli ozin therapy.



1.7 Food-drug interaction

Another important factor for the safety of pharmacotherapy is the simultaneous examination
of food and drugs, as this can have a strong in uence on the release, absorption, distribution,
metabolism, and / or excretion of drugs.

Drug absorption typically begins in the proximal region of the small intestine, which is close
connection to the splanchnic circulation. After absorption, the substances are transported via
the portal system to the liver, where they may undergo metabolism. From there they are carried
into the systemic circulation through the hepatic artery, allowing them to exert their therapeutic

e ects throughout the body [70].

Each ingestion of food or drink alters the physiological conditions of the human gastrointesti-
nal (Gl) tract, a ecting factors such as Gl motility, splanchnic blood ow, and secretion [70].
Welling categorized food-drug interactions into ve types: reduced, delayed, increased, acceler-
ated absorption, or no e ect. The most commonly observed outcome is delayed drug absorption,
often due to slower gastric emptying and/or increased gastric pH (Fig. 4). As a result, delayed
gastric emptying usually leads to a lower maximum plasma concentration Cmax ) and a longer
time to reach it (tmax ), although the overall bioavailability of the drug is usually not a ected
[64, 49].

Food{drug interactions can be further divided into speci ¢ and unspeci c interactions. A typical
example of speci ¢ food-drug interactions includes substances such as alcohol or grapefruit juice,
which can have a direct impact on drug e ectiveness. In contrast, nonspeci ¢ interactions arise
from general physiological changes in the Gl tract and may a ect any orally administered drug.
Studies on orally administered dapagli ozin have focused on nonspeci c interactions, exam-
ining how variables such as luminal conditions, absorption, metabolism, and elimination are
in uenced by food intake. The clinical relevance of these e ects depends largely on the drug's
physicochemical properties and formulation [47].

Multiple studies have examined the e ect of food on the pharmacokinetics and bioequivalence of
dapagli ozin in healthy volunteers. While a high-fat meal consistently delayed the time to reach
maximum plasma concentration (max ) for dapagli ozin and by approximately 1{2.5 hours and
its metabolite dapagli 0zin-3-O-glucuronide reduced Cnax by 30{50%, the area under the curve
(AUC) and half-life (t;-») remained largely unchanged. These changes were considered minor
and clinically insigni cant, indicating no relevant food e ect on overall systemic exposure [31,
62, 48, 41].

Figure 4: Food can inuence medication e ectiveness. The pharmacological e ect of a drug may be
in uenced by food intake, which may increase (Drug + Food A), accelerate, decrease (Drug + Food B) or delay
absorption and overall e ect.



1.8 Physiologically based pharmacokinetic/ pharmacodynamic model

A physiologically based pharmacokinetic model (PBPK) is a computational model that enables
the simulation of absorption, distribution, metabolism and excretion (ADME) of a drug and its
metabolites. In combination with a pharmacodynamic model (PD), the e ect pro le and optimal
dosage of new drugs can be predicted in order to achieve the desired exposure. Such a PBPK/PD
model consists of a larger number of compartments corresponding to di erent organs or tissues
in the body. These compartments are connected by ow rates corresponding to the circulatory
system. Based on a set of di erential equations parameterized with physiological variables, the
model integrates detailed physiological, biochemical and anatomical data to predict the behavior
of a drug in the organism as realistically as possible [26].

1.9 Question, scope and hypotheses

This project aims to address several important questions about the pharmacokinetics and phar-
macodynamics of dapagli ozin, in particular, how these are in uenced by a variety of patient-
speci ¢ factors. Key questions include: How do individual characteristics such as liver impair-
ment, renal impairment, and food intake a ect the pharmacokinetics and pharmacodynamics of
dapagli ozin?

The primary objective is to develop a physiologically based pharmacokinetic/pharmacodynamic
(PBPK/PD) model for dapagli ozin using existing clinical data from healthy volunteers, patients
with T2DM, and those with renal or hepatic dysfunction to investigate these questions.

The hypotheses driving this research are as follows:

" Impairment in renal or hepatic function lead to reduced metabolism and excretion of
dapagli ozin and its primary metabolite dapagli ozin-3-O-glucuronide.

~ Administration of dapagli ozin in a fed state leads to a slower absorption compared to the
fasted state, thereby a ecting pharmacokinetics and pharmacodynamics.

The developed model should accurately simulate the pharmacokinetics and pharmacodynamics
of dapagli ozin in di erent patient populations, providing information that could lead to more
personalized treatment strategies and improve the e cacy and safety of dapagli ozin treatment.



2 Methods

A systematic approach was followed for this work, which includes the following steps: systematic
literature search for dapagli ozin (Sec. 2.1), data curation of clinical studies (Sec. 2.2), PBP-
K/PD model development (Sec. 2.3), simulation of study data (Sec. 2.4), analysis of food-drug
interaction (Sec. 2.5), parameter optimisation of model parameters using clinical data (Sec. 2.6),
parameter scans for renal function, liver function and food e ect (Sec. 2.7) and calculation of
pharmacokinetic parameters (Sec. 2.8).

2.1 Systematic literature research

A systematic literature search was conducted to select studies that included data on the pharma-
cokinetics or pharmacodynamics of dapagli ozin. The search was performed on 2024-04-23, in
PubMed, using the keywordsdapagliflozin AND pharmacokinetics  and usingdapagliflozin

in PKPDAI [19]. Based on the search an initial literature corpus on the pharmacokinetics of
dapagli ozin was generated. From this collection, available PDF les of selected studies were
retrieved, and clinical studies were screened according to prede ned inclusion criteria. In addi-
tion to healthy subjects, trials in patients with diabetes type 1 and type 2, renal and hepatic
impairment were included. Studies in paediatric patients and animal studies were excluded. In
addition, the literature was also reviewed for relevant pharmacodynamic data. Fig. 5 provides
an overview of the literature review process.

2.2 Data curation

Data from the selected literature were curated and uploaded to the open pharmacokinetics
database PK-DB [20]. The articles were screened for patient information such as age, sex, specic
diseases and drugs, dapagli ozin dosing protocol and dapagli ozin pharmacokinetic pro les.
These data were then curated using standard protocols for pharmacokinetic information [20].
Data from gures were digitised using WebPlotDigitizer [58]. Data from tables and textual
descriptions were also curated in a speci c format as described in [20].

Data were systematically curated according to the following structure: (i) Groups: Patient
groups were entered into the database with relevant group characteristics such as age, height,
weight, sex and ethnicity. Information on diabetes status, renal or hepatic impairment and
other diseases was coded. (ii) Individuals: For some trials, individual patient characteristics
were reported. Information on individual subject characteristics was recorded in the same way
as for the groups. (iii) Interventions: In each trial, dapagli ozin was given to patients either
as an oral dose in the form of a tablet or capsule, or as an intravenous dose in the form of
a solution. Information on dose, time of administration (if multiple doses were administered),
and route of administration were recorded. (iv) Time course data: In each study, the authors
reported a number of di erent parameters. The main data of interest were the time courses of
concentrations and amounts of dapagli ozin or its metabolite dapagli ozin 3-o-glucuronide in
plasma and urine and urinary glucose excretion (UGE). (v) Pharmacokinetic/pharmacodynamic
parameters: In addition, many studies reported pharmacokinetic parameters such a€max , tmax
and t,-, and pharmacodynamic parameters such as fasting plasma glucose (FPG), UGE, and
renal threshold for glucose (RTG).

The extensive heterogeneous data set provided the database for model development and vali-
dation. All data are available in PK-DB ( https://pk-db.com ) [20] with an overview of the
curated studies in Tab. 2.
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2.3 PBPK/PD model

The PBPK/PD and tissue models were developed in the Systems Biology Markup Language
(SBML) [22, 35]. The libraries sbmlutils [44] and cy3sbml [46, 42] were used for the pro-
grammatic manipulation and visualisation of the models. The models are ordinary di eren-
tial equation (ODE) models solved numerically using sbmisim [43] based on the high perfor-
mance SBML simulator libroadrunner [65, 71]. The model is made available in SBML under
a CC-BY 4.0 licence with all model equations from https://github.com/matthiaskoenig/
dapagliflozin-model . The version of the model used in this thesis is 0.9.5 [55].

The PBPK/PD model developed consists of a whole-body model linking di erent organs via the
systemic circulation (Fig. 6). The model follows a hierarchical structure, with the whole-body
model linking sub-models for the intestine, kidney and liver.

Hepatic functional impairment Liver functional impairment was modelled as a gradual
increase in cirrhosis by scaling liver function with the parameterf _cirrhosis  [-] from 0.0 (no
cirrhosis) to 0.95 (critical cirrhosis). The cirrhosis implementation is based on an indocyanine
green model of cirrhosis [40, 39] with parameters for mild (0.40), moderate (0.70) and severe
cirrhosis (0.81) corresponding to the Child-Pugh-Turette classes CPT A, CPT B and CPT C,
respectively [7, 57]. Cirrhosis is modelled as a combination of a reduction in functional liver
volume and shunting of blood around the liver, both of which lead to a reduction in blood ow.
With increasing f _cirrhosis  both liver functional volume and blood shunted around the liver
are increased resulting in a reduction in liver function.

Renal functional impairment Renal impairment was modelled as a progressive decline in
renal function by scaling all renal processes with the factorf _renal _function [-], where 1.0
represents normal function and<1.0: reduced renal function. The cut-o s for the dierent
stages of renal impairment were based on the international KDIGO guidelines [66] with mild renal
impairment (0.69), moderate renal impairment (0.32) and severe renal impairment (0.19) [53].

Dose dependency The dose dependency was studied by changing the parameters corre-
sponding to intravenous and oral dose of dapagli ozin,IVDOSElap [mg] and PODOS#ap [mg],
respectively. Doses were changed in the typical dosing regime of dapagli ozin between 0 and
100 mg.

Food eect The food e ect was modelled by adjusting the absorption scaling parameter

f _absorption for dapagli ozin in the intestine. Fasted simulations were simulation with 1.0,
where as food (fed) was implemented with a reduced absorption of 0.3. These changes result in
a change in absorption rate as

absorption = f apsorption  DAPABS  V gu dapymen

2.4 Simulations

For all curated clinical trials (Tab. 2), in silico simulation experiments were created. For the
simulations, the parameters corresponding to the pathophysiology KI __f _renal _function and

f _cirrhosis ), for the food e ect ( GU_f _absorption ), and the dosing (PODOS#ap, IVDOSHElap)
were modi ed according to the study.

Bodyweights were set according to the information in the studies via the parameteBW

Because UGE depends on the plasma concentration the fasting plasma glucose (FPG) concen-
trations were set for the respective simulations via the parameteKl __glc _ext.

In the case of multiple dosing, the appropriate doses were administered at the speci ed times.
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2.5 Analysis of food-drug interaction

Table 1: Types of e ects based on the calculated ratios

Ratio E ect

ratio 5.0 strong induction (")
5.0> ratio 2.0 moderate induction (")
2.0> ratio 1.25 weak induction (')
1.25> ratio 0.8 no e ect (?)
0.8> ratio 0.5 weak inhibition (#)
0.5> ratio 0.2 moderate inhibition (##)

0.2 > ratio strong inhibition ( ###)

To determine the e ect of food, the ratios between the mean values oAUC and Cnax between
the fasted and fed states were calculated. These values were obtained from tables in the re-
spective studies. Depending on the ratio between the mean values, a rough statement can be
made about the e ect. If ratio is > 1, it means that there was an increase in a certain mean
value and ratio < 1 indicates a corresponding reduction in the mean values after food intake.
The following equation was used for the calculation of the ratios forAUC and Cpax, Where
the \fasted" condition refers to dapagli ozin administered on an empty stomach, and the \fed"
condition represents dapagli ozin intake after food consumption:

ratio = —°d

fasted
The standard deviation of the ratios ( raiio ) can be approximated using the ratio itself, the
mean values () for the fasted and fed states, and their respective standard deviations ():
r

atio ratio ( fasted )2 +( fed )2
fasted fed

The calculated ratios and the conditions listed in Tab. 1 can be used to determine the type and
the strength of the e ect on the AUC [9]. The symbols in parentheses were used to represent
the varying e ects of the drugs.

A two-sided t-test was conducted to compare the mean values of dapagli ozin intake under
fasting and fed conditions and to determine statistical signi cance based on the test results.
The value of the test statistic t was calculated using the following equation, where ; and
represent the mean values of the intake of dapagli ozin in the fasting and fed states, respectively.
Likewise, 1and » denote the corresponding standard deviations, whilan; and n, are the sample
sizes for each condition: . ,

t= g

1

pooled Ny n,

With the following de nition for the pooled standard deviation  pogled:
S

(ng 1) #+(ny 1) 3
nt+ny 2

pooled =

The degrees of freedontf can be calculated from the sample sizes; and n, using the following
equation:
d=n+n, 2

The p-values, which provide insights into the relationship between the two groups, are deter-
mined using the t-statistic t and the degrees of freedonaf . Once calculated, the p-values can
be used to assess the signicance level: p  0:05 (*), p 0:01 (**), p 0:001 (***).
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2.6 Parameter optimization

Parameter tting was used to minimise the distance between experimental data and model pre-
dictions by optimising a subset of ten parameters of the model. For this purpose, a subset of
curated time curves from healthy subjects, as well as subjects with diabetes or renal impair-
ment after single dose application was used, as listed in Tab. 2. Parameters were optimised
in a multistep process based on the route of administration. First, parameters relevant to in-
travenous dapagli ozin were optimised using the subset of intravenous data. Next, parameters
for oral administration of dapagli ozin were optimised using a subset of the oral dapagli ozin
data. Finally, the parameters related to the hepatic metabolism of dapagli ozin and its con-
version to dapagli ozin-3-O-glucuronide were optimized. This strategy allowed the parameters
of dapagli ozin and dapagli 0zin-3-O-glucuronide to be determined separately with subsequent
optimisation of the coupling step.

The cost function, which depends on the parameterp, minimised the sum of the quadratic
weighted residualsr;x for all time coursesk and data points i. Time courses were weighted
by the number of participants in each study ny and individual time points with the standard
deviation ;i associated with the measurement, resulting in weightsvix = ng= .

X
F(§=0:5 (Wi rix(P)?
ik
Multiple optimisation runs were performed with di erent initial parameters based on a local
optimiser, with the optimal parameters used in the nal model. The tted parameters are
shown in Tab. 3 and Tab. 4. For validation, data from multiple administrations, disease states,
di erent doses, and food conditions were used.

2.7 Parameter scans

Parameter scans were conducted to evaluate the e ects of liver impairment, kidney impairment,
and absorption activity on dapagli ozin pharmacokinetics. The parameters were scanned in the
following ranges: f _cirrhosis  in linspace(0, 0.9, num=10) with normal liver function corre-
sponding to 0.0;f _renal _function in logspace(-1, 1, num=10) with normal kidney function
corresponding to 1. 0;GU_f _absorption in logspace(-1, 1, num=10) with 1.0 representing
absorption in the fed state and values below 1.0 corresponding to the fasted state. Simulations
were performed for a typically given single oral dose of 5 mg dapagli ozin.

2.8 Pharmacokinetic parameters

Pharmacokinetic parameters of dapagli ozin and dapagli ozin-3-O-glucuronide were calculated
from plasma concentration time curves and urinary excretion using standard non-compartmental
methods. The elimination rate ke [1/min] was calculated by linear regression in logarithmic
space in the decay phase. The area under the curv&U C [mmole min/L] was calculated using
the trapezoidal rule and extrapolated to in nity by linear interpolation. Apparent clearance
Cl [ml/min] was calculated as CI=F = kg Vg with apparent volume of distribution Vy=F =
D=(AUC1 kg). D is the applied dose of dapagli ozin.

Pharmacodynamic parameters of dapagli ozin are described separately in Sec. 3.2.5.
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3 Results

3.1 Data

In this work, an extensive database of dapagli ozin pharmacokinetics and pharmacodynamics
was established and used to develop and validate a physiologically based pharmacokinetic and
pharmacodynamic (PBPK/PD) model of dapagli ozin.

A comprehensive literature search was conducted using the PKPDAI and PubMed databases
to identify relevant clinical studies. Of more than 200 trials initially screened, 89 were prior-
itized according to the following inclusion criteria: (1) the study was conducted in humans;
(2) subjects were adults; (3) the study was performed in vivo; and (4) time-course data on
plasma or urine concentrations of dapagli ozin and/or its primary metabolite, dapagli ozin-3-
O-glucuronide, were reported. Special emphasis was placed on studies involving participants
with renal or hepatic impairment, as well as those assessing the e ects of food on dapagli ozin
pharmacokinetics. Based on these criteria, 27 studies were selected for detailed data curation,
forming the core dataset used to develop and evaluate the PBPK/PD model. An overview of
the study selection process is shown in Fig. 5.

The curated dataset has been made publicly available as open data to support transparency and
reproducibility. A summary of the selected studies, including participant characteristics and
dosing protocols, is presented in Tab. 2.

Figure 5: Overview of the literature search and selection of studies for data curation. Publications
related to dapagli ozin pharmacokinetics were retrieved using PKPDAI and PubMed searches. Studies with full
text available in PDF format were screened (* one publication [17] contained multiple clinical studies). Eligible
studies included in vivo pharmacokinetic data in adult humans. Studies with missing data or with focus on
coadministration of other drugs were excluded from data curation.
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Table 2: Summary of studies for modeling. Overview of study identi ers, PK-DB IDs, administered substance, route, dosing, and subject characteristics, including
health status (H), renal impairment ( RI), hepatic impairment ( HI ), fasting status and urinary glucose excretion (UGE ) and renal treshold for glucose (RTG). DAP P =
dapagli ozin plasma, DAP U = dapagli ozin urine, DAP F = dapagli ozin feces, D3G P = dapagli ozin-3-O-glucuronide plasma, D3G U = dapagli ozin-3-O-glucuronide

GT

urine.

Study PK-DB Substance Route Dosing Dose [mg] H RI HI T1 T2 DAP DAP DAP D3G D3G Fed Fast UGE RTG

P U F P U
Boulton2013 [4] PKDBO00838 dap, [14C]dap oral, iv single 10, 0.080 X X
Cho2021 [8] PKDB00839 dap oral single 10 X X
FDAMB102002 [13] PKDB00959 dap oral multi 2.5, 10, 20, 50, 100 X X
FDAMB102003 [14] PKDBO00960 dap oral single, multi 5, 25, 100 X X
FDAMB102006 [15] PKDB00970 [14C]dap oral single 50 X X X X X
FDAMB102007 [16] PKDB00971 dap oral single, multi 20, 50 X X X X X
Hwang2022a [23] PKDB00923 dap oral single 10 X X X
Imamura2013 [24] PKDB00893 dap oral single 10 X X
Jang2020 [25] PKDB00913 dap oral multi 10 X X
Kasichayanula2011 [34] PKDB00841 dap oral single 10 X X X X
Kasichayanula2011a [28] PKDB00842 dap oral single, multi 2.5, 10, 20, 50 X X X X X
Kasichayanula2011b [31] PKDB00843 dap oral single 10 X X X
Kasichayanula2011c [30] PKDB00924 dap oral single 20, 50 X X
Kasichayanula2012 [32] PKDBO00925 dap oral single 20 X X
Kasichayanula2013 [33] PKDB00844 dap oral single, multi 20, 50 X X X X X X X
Kasichayanula2013a [29] PKDB00845 dap oral single 10 X X X X
Khomitskaya2018 [36] PKDB00926 dap oral single 10 X X
Kim2023 [37] PKDB00927 dap oral multi 10 X X
Kim2023a [38] PKDB00928 dap oral single 10 X X
Komoroski2009 [41] PKDB00846 dap oral single, multi 2.5, 10, 20, 50, 100, 250, 500 X X X X
LaCreta2016 [48] PKDB00847 dap oral single 2.5, 10 X X
Obermeier2010 [56] PKDB00848 dap, [14C]dap oral single 50 X X
Sha2015 [61] PKDB00891 dap oral single 10 X X
Shah2019a [62] PKDB00849 dap oral single 5 X X
vanderAart- PKDB00929 dap oral multi 10 X X
vanderBeek2020 [68]
Watada2019 [69] PKDBO00850 dap oral multi 5, 10 X X X
Yang2013 [73] PKDB00851 dap oral single, multi 5, 10 X X X X X




3.2 Computational model
3.2.1 PBPK/PD model

Using the curated data set, a physiologically based pharmacokinetic/ pharmacodynamic (PBPK/
PD) model was developed to simulate the absorption, distribution, metabolization, and elimi-
nation of dapagli ozin and its primary metabolite, dapagli 0zin-3-O-glucuronide, in the body,
see Fig. 6 and their e ect on UGE. Dapagli ozin is typically given orally in the form of a tablet
(e.g. Forxiga/ Farxiga), but can also be administered as a capsule or intravenously as a solution.
Depending on the study, dapagli ozin was administered as a single dose or as multiple doses at
regular intervals, for example, every morning for several days.

Figure 6: Overview of the PBPK/PD model of dapagli ozin. A) Whole body model responsible for
dapagli ozin (DAP) and dapagli ozin-3-O-glucuronide (D3G) systemic circulation via the blood. Dapagli ozin

can be administred either orally or intravenously. B) Intestine model describing the absorption of dapagli ozin
by enterocytes. Dapagli ozin has a high bioavailability with  16% excreted in feces. C) Hepatic model depicting
the uptake of dapagli ozin by hepatocytes and its conversion by uridine diphosphate glucuronosyltransferase 1A9
(UGT1A9) to dapagli 0zin-3-O-glucuronide. D) Renal model showing the uptake and excretion of dapagli ozin
and dapagli ozin-3-O-glucuronide in the urine and metabolic conversion of dapagli ozin to dapagli 0zin-3-O-
glucuronide. Dapagli ozin in the kidneys inhibits SGLT2 resulting in reduced reabsorption and increased urinary
excretion of glucose.
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3.2.2 Intestine model

Figure 7: SBML graph of intestine model of dapagli ozin. After ingestion, dapagli ozin is dissolved in
the stomach and enters the intestine. A large fraction of the dose (84%) is absorbed and enters the plasma, the
remainder (16%) is excreted in the feces. Food can change the absorption rate in the model.

After oral administration, the tablet dissolves in the stomach and the drug is released into the
intestine. Dapagli ozin is absorbed into the intestinal blood via the enterocytes (see Fig. 7).
The dissolution process, which determines how quickly the drug enters the intestine, is described

via:

i d
SEVE
Once in solution, the drug can be absorbed from the gut lumen. The rate of absorption depends

on the scaling factor absorption, which is altered with food, the rate constant of absorption
DAPABS, the volume of the intestine Vg, and the local drug concentration dap:

dissolutiongsp =

However, only a fraction of the drug Fgap abs is absorbed and reaches the portal vein:

absorption = Fgapans absorption
The remainder which is not absorbed is excreted via the feces. This unabsorbed fraction is
determined via:
DAPABS = (1  Fgap,abs) absorption
The resulting di erential equations are:

m dissolutiong, M Ja°

ddape,; _ DAPABS

dt Vext

ddabreces _ papEXC
dt

ddapymen _ DAPABS  DAPEXC N dissolutiongap

dt Vlumen Vlumen Vlumen
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3.2.3 Liver model

Figure 8: SBML graph of liver model of dapagli ozin. Dapagli ozin in the plasma of the liver is im-
ported into hepatic tissue via organic anion transporter 3 (OAT3). Within the liver, it undergoes conversion
to dapagli 0zin-3-O-glucuronide (D3G) via uridine diphosphate glucuronosyltransferase 1A9 (UGT1A9). The
resulting dapagli 0zin-3-O-glucuronide is then exported (D3GEX) into plasma.

Dapagli ozin is taken up by the liver (see Fig. 8), with the help of transport proteins, possibly
by OAT3 and modelled as reversible Michaelis-Menten kinetics with Km=33uM FDA [17].

DAPIM vinax dape,; dap
li
DAPIM dape =
Km,dap 1+ DAPIM zr(n,dap + DAPIM Km,dap

DAPIM =

The metabolism of dapagli ozin to dapagli ozin-3-O-glucuronide is catalysed by the enzyme uri-
dine diphosphate glucuronosyltransferase 1A9 (UGT1A9) and modelled as irreversible Michaelis-
Menten kinetics.

dap
After dapagli ozin has been converted to dapagli ozin-3-O-glucuronide, it is exported. This is

possibly catalyzed by OAT3 with Km=115 uM FDA [17] and modelled via reversible Michaelis-
Menten kinetics.

D3GEX d3g d3
D3GEX = S3GEX Vmax V“ dggg Gext T
Km,d3g 1+ D3GEX qmgsg T DICEX gmasg

The resulting di erential equations are:

dd3g DAP2D3G D3GEX

dt Vi Vii
dd3g,, _ D3GEX
dt  Vext
ddap _ DAPIM DAP2D3G
d Vi

ddape; = DAPIM

dt Vext
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3.2.4 Kidney model

Figure 9: SBML graph of kidney model of dapagli ozin. Plasma glucose is Itered in the kidney and partly
reabsorbed, with the remaining fraction excreted into the urine (GLCEX). Dapagli ozin appears in plasma after
administration and is imported (DAPIM) into renal tissue, where a portion is excreted (DAPEX) unchanged
into the urine. In the kidney, dapagli ozin is also metabolized to dapagli ozin-3-O-glucuronide (D3G) via uri-
dine diphosphate glucuronosyltransferase 1A9 (UGT1A9). Dapagli 0zin-3-O-glucuronide in plasma is imported
(D3GIM) into renal tissue and subsequently excreted (D3GEX) in the urine.

Dapagli ozin is imported into renal tissue (DAPIM), where it is partially excreted unchanged
(DAPEX) and metabolized to dapagli ozin-3-O-glucuronide, which is also excreted in the urine
(D3GEX).

For the import of dapagli ozin into the kidney, carrier-mediated transport processes were im-
plemented in the model (see Fig. 9). The transport of dapagli ozin across the renal membrane
is described by a reversible Michaelis-Menten equation:

DAPIM v da da
DAPIM = o W 1 ey aap
m.dap DAPIM «m dap DAPIM km dap

Similarly, the import of its primary metabolite, dapagli ozin-3-O-glucuronide, into kidney cells
is described by the equation:

——— Vi
D3GIM d3gext d3g
Km,d3g 1+ D3GIM gy T DICM cmasg

D3GIM =

Within the kidney, dapagli ozin is further metabolized to dapagli 0zin-3-O-glucuronide through
the enzymatic action of UGT1A9, a process referred to as DAP2D3G. The corresponding irre-
versible Michaelis-Menten equation is:

dap

The transport of dapagli ozin and dapagli ozin-3-O-glucuronide were assumed to be fast com-
pared to the metabolic conversion.

Both dapagli ozin and dapagli 0zin-3-O-glucuronide are excreted via the kidney in the urine.
Their renal excretion rates are given by:

DAPEX = frenal function D3GEXy Wiki d30ey

D3GEX = frenal functon DAPEX Vii dapgy
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For this purpose, the parameter f enal function Was introduced as a scaling factor to simulate
varying degrees of renal function. A value of (= 1) corresponds to normal renal function, whereas
values (< 1) represent reduced renal function, as observed in patients with renal impairment.
This parameter uniformly scales the renal excretion rates of both dapagli ozin and dapagli ozin-
3-0O-glucuronide.

The kidney volume Vy; was set to 0.44% of total body weight. This volume is used to scale
concentration-dependent processes, such as renal transport and metabolism, ensuring physio-
logical relevance of the calculated rates.

The resulting di erential equations are:

dd3g _ D3GIM + DAP2D3G
dt B Vi Vi

dd3g,, = D3GIM D3GEX

dt Vext Vext

dd3Giine _ p3gEx
dt

ddap _ DAPIM DAP2D3G
dt Vi Vi

ddaps,; . DAPIM  DAPEX

dt Vext Vext

ddapyine

= DAPEX
dt

3.2.5 Pharmacodynamics model

The pharmacodynamics models describes how the UGE is a ected by dapagli ozin. The UGE
depends on the renal threshold for glucose (RTG), the plasma glucose concentration at which
glucose reabsorption by the kidneys begins to saturate [12]. RTG is calculated as a basal RTG
depending on fasting plasma glucose (fpg) which is reduced via dapagli ozin:

RTGfpg = RTG pase* RTG m fpg (9ICey;  fPUhealthy )

RTG geita = RTG fpg  RTG max inhibition

RTG
dapey

RTG ey +dapRTe

Above RTG, excess glucose that cannot be reabsorbed is excreted in the urine, leading to an
increase in UGE. Above RTG, glucose excretion (GLCEX) depends on glomerular lItration rate
(GFR), which plays a decisive role in the lItration of plasma glucose through the kidneys and
plasma glucose. Below the RTG no glucose is excreted in the urine.

The GFR depends on the status of the kidneys.f renal function 1S @ scaling factor re ecting normal

(= 1) or reduced (< 1) renal function

GFR = fenal function GFRpealthy

(
GFR _
GLCEX =  Cfmm (glceyy RTG) ifglcey > RTG
0 mmole/min ifglce,, RTG
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The glucose concentration in plasma glg,; was assumed to be constant, but depends on the
status of the subjects, i.e., diabetic patients have higher plasma glucose than healthy subjects.
The change in urinary glucose is determined via the following di erential equation:
d glcurine
dt
The cumulative amount of glucose in the urine, i.e., the UGE, is calculated from the amount of
glucose in the urine via:

= GLCEX

glcurine M rglc

UGE =
Cfmg/g

3.3 Parameter tting

After the PBPK/PD model structure for dapagli ozin and its main metabolite, dapagli ozin-
3-0O-glucuronide, have been established, a subset of model parameters were optimized using a
subset of the available data. In a rst step parameters of the pharmacokinetic model were
optimized (Tab. 3), subsequently parameters of the pharmacodynamic model (Tab. 4).

The results of the parameter adjustment, including the cost reduction over the optimization
steps and the goodness of t, are shown in Fig. 10a and Fig. 10b for the parameters of the
pharmacokinetic model.

(a) Error convergence (b) Goodness-of- t

Figure 10: Optimization Performance. Overview of Error convergence (cost vs. optimization step) and
Godness-of- t (predicted vs. experimental intravenous data) for the pharmacokinetic parameters.

Table 3: Optimized parameters for the dapagli ozin pharmacokinetic model.

Parameter name  Description Value  Unit

ftissue _dap Tissue blood ow rate for DAP 0.01 I/min

Kp.dap Tissue-to-plasma partition coe cient 25.517  dimensionless
DAP2D3&max Liver metabolism of DAP to D3G 0.01992  mmol/min/l
Kl__f _DAP2D3G Renal DAP2D3G activity relative to liver 10.0 -

KI__DAPEX Renal excretion rate of DAP 0.01815 1/min
KI__D3GEX Renal excretion rate of D3G 0.45036 1/min
GU_Kadis _dap Dissolution rate of DAP in Gl tract 0.84842 1/hr
GU_DAPABR Absorption rate of DAP in Gl tract 0.05946 1/min

The results of the parameter adjustment, including the cost reduction over the optimization
steps and the goodness of t, are shown in Fig. 11a and Fig. 11b for the parameters of the
pharmacodynamic model.

21



(a) Error convergence (b) Goodness-of- t

Figure 11: Optimization Performance. Overview of Error convergence (cost vs. optimization step) and
Godness-of- t (predicted vs. experimental intravenous data) for the pharmacodynamic parameters.

Table 4: Optimized parameters for the dapagli ozin pharmacodynamic model.

Parameter name Description Value Unit
KI__RTGE50 Half-maximal e ect concentration of DAP on RTG 6:49 10 ® mM
KI__RTGbase Baseline renal threshold for glucose 8.00 mM
KI__RTGmaxinhibition RTG maximum inhibition 0.70673 {
KI__RTGmfpg FPG e ect on RTG 1.2533 {

Parameter optimization improved the t of the model to the data (Fig. 10a and Fig. 11a)
with most optimization runs converging to similar cost, demonstrating their e ectiveness in
minimizing errors. The goodness of t plots (Fig. 11b and Fig. 11b) show that the model
performs well in di erent data sets, with many data points visually clustering closely around the
identity line. Some deviations can be observed, especially in the pharmacokinetics, but overall
the model is able to reproduce the data very well.
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3.4 Model application

The developed PBPK/PD model of dapagli ozin was then applied to study the e ect of da-
pagli ozin dose (Sec. 3.4.1), hepatic functional impairment (Sec. 3.4.3), renal functional impair-
ment (Sec. 3.4.4), and the e ect of food (Sec. 3.4.5) on the pharmacokinetics and pharmacody-
namics of dapagli ozin.

For all four studies, the same subplots were created. To illustrate the pharmacokinetic re-
sponse, eight plots were created, each showing representative simulations. These plots depict
the concentrations of dapagli ozin (DAP), its metabolite dapagli 0zin-3-O-glucuronide and to-

tal dapagli ozin (DAP + D3G) measured in plasma, urine and feces over time. To illustrate
the pharmacodynamic response, six di erent diagrams were presented. The rst three diagrams
show the time course of the glucose concentration, the renal glucose threshold (RTG) and the
urinary glucose excretion (UGE). The other three diagrams show the relationship between RTG,
total glucose excretion and UGE and the plasma concentration of dapagli ozin.

3.4.1 Dose dependency

The pharmacokinetic response to di erent doses of dapagli ozin is shown in Fig. 12. These sim-
ulations were conducted using the most commonly administered doses of dapagli ozin identi ed
in the literature research, ranging from 0 to 100 mg. With increasing doses, plasma concen-
trations of dapagli ozin, dapagli ozin-3-O-glucuronide and total dapagli ozin increase, as do
amounts excreted in urine and feces. The pharmacokinetics of dapagli ozin reach their maximum
faster than those of dapagli ozin-3-O-glucuronide, with plasma levels of dapagli ozin returning
to baseline approximately 10 hours after administration. Dapagli ozin and dapagli 0zin-3-O-
glucuronide are excreted in the urine, and the unabsorbed portion of dapagli ozin is excreted
in the feces.

The corresponding dose-dependency of the pharmacodynamics response is shown in Fig. 13.
At a normal fasting blood glucose level of 5 mM, the RTG without taking dapagli ozin is
about 8 mM, a physiological value typical for healthy people (Tab. 4). With increasing doses
of dapagli ozin, the RTG decreases due to the increased inhibition of the SGLT2 transporter.
This decrease in threshold leads to greater UGE, resulting in a dose-dependent increase in UGE.
This dose-dependent relationship between dapagli ozin exposure, RTG reduction, and UGE is
consistent with the pharmacodynamic mechanism described by DeFronzo et al. [11], in which
treatment with SGLT2 inhibitors reduces the maximum renal glucose reabsorptive capacity
(Tma) and increases the splay. These two e ects promote glucosuria by lowering the threshold
at which glucose appears in the urine. The model captures these dynamics, as illustrated by the
nonlinear relationship between dapagli ozin plasma concentrations and UGE.

Simulations were then performed for all curated studies, enabling a direct comparison between
the simulated results and the corresponding reference data. The dose-dependent increase of
dapagli ozin and dapagli ozin-3-O-glucuronide concentrations in plasma and urine is illustrated
for both single and multiple dosing (Fig. 14 and Fig. 15). In addition, the data show that
the plasma and urine concentrations of both dapagli ozin and dapagli 0ozin-3-O-glucuronide
remained similar between single and multiple dosing, with minimal accumulation of dapagli ozin
after repeated administration.
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Figure 12: Dose-dependency of dapagli ozin pharmacokinetics. Concentrations of dapagli ozin (DAP),
dapagli 0zin-3-O-glucuronide (D3G) and dapagli ozin total (DAP+D3G) in plasma, urine and feces over time
were simulated for dapagli ozin doses ranging from 0 to 100 mg.

Figure 13: Dose-dependency of dapagli ozin pharmacodynamics. Simulated glucose plasma concentra-
tion, renal threshold for glucose (RTG), urinary glucose excretion (UGE) over time, alongside the relationship
between RTG, glucose excretion in urine, and UGE with dapagli ozin plasma concentration. Simulations were
conducted using dapagli ozin doses ranging from 0 to 100 mg.
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