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ABSTRACT

Glepaglutide (ZP1848) is a long-acting, synthetic peptide analog of
human glucagon-like peptide-2 (GLP-2) developed by Zealand
Pharma A/S (Soeborg, Denmark) for the treatment of short bowel
syndrome (SBS) with intestinal failure in patients dependent on
parenteral support. The compound comprises 39 amino acids and
differs from native human GLP-2(1-33) by the incorporation of
nine amino acid substitutions at positions 2, 3, 5, 8, 10, 11, 16, 24,
and 28, together with a C-terminal amidated hexalysine tail
([Lys]6-NHZ2) derived from Zealand Pharma's proprietary
Structure Inducing Probe (SIP) technology. The substitutions
confer resistance to dipeptidyl peptidase-4 (DPP-4) degradation,
improved physicochemical stability enabling a ready-to-use
aqueous liquid formulation, and formation of a subcutaneous
depot from which the parent compound and its active C-
terminally truncated metabolites (M1, 35 amino acids; M2, 34
amino acids) are slowly released into systemic circulation. The
resulting effective half-life of approximately 50 to 124 hours in
humans permits twice-weekly or once-weekly subcutaneous
dosing, a substantial advance over the daily injection requirement
of teduglutide (Gattex), the first-in-class approved GLP-2 analog.
Glepaglutide binds and activates the GLP-2 receptor (GLP-2R), a
class B G-protein-coupled receptor expressed on intestinal
subepithelial myotibroblasts, enteroendocrine cells, and enteric
neurons. Receptor activation triggers downstream release of
intestinal growth mediators including insulin-like growth factor-1
(IGF-1), epidermal growth factor (EGF), and keratinocyte growth
factor, resulting in crypt cell proliteration, villus elongation,
inhibition of enterocyte apoptosis, enhanced intestinal barrier
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function, increased mesenteric blood flow, and suppression of
gastric acid hypersecretion and accelerated gastrointestinal
motility. The net physiological effect is increased intestinal
absorptive capacity for fluid, electrolytes, and macronutrients in
patients with anatomically shortened bowel. Clinical development
has progressed through Phase 1 healthy volunteer
pharmacokinetic studies, a Phase 2 randomized crossover trial in
18 SBS patients published in The Lancet Gastroenterology and
Hepatology (Naimi et al., 2019) demonstrating dose-dependent
improvements in intestinal wet weight absorption and plasma
citrulline, and the pivotal Phase 3 EASE-SBS 1 trial
(NCT03690206), a multinational, double-blind, placebo-
controlled study in 106 patients that met its primary endpoint of
significant reduction in weekly parenteral support volume at 24
weeks (mean change minus 5.13 versus minus 2.85 liters per week
for glepaglutide twice weekly versus placebo; P equals 0.0039).
The compound received orphan drug designation from both the
United States Food and Drug Administration and the European
Medicines Agency. Zealand Pharma submitted a New Drug
Application to the FDA in late 2023; in December 2024, the FDA
issued a Complete Response Letter citing insufficient evidence to
confirm efficacy and safety at the proposed marketed dose and
recommending an additional confirmatory trial. A Marketing
Authorization Application was submitted to the European
Medicines Agency in June 2025, and Zealand Pharma plans an
additional Phase 3 trial to support regulatory resubmission in the
United States. The safety profile is consistent with the known
GLP-2 class effects. The most frequent adverse events in clinical
trials are injection site reactions, stoma complications (primarily
swelling or enlargement of the stoma nipple), gastrointestinal
events (nausea, vomiting, abdominal pain), peripheral edema,
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fatigue, and headache. Anti-drug antibodies develop in a
proportion of treated patients with a trend toward higher injection
site reaction incidence in antibody-positive individuals, though no
firm causal relationship has been established. The compound does
not require reconstitution and is administered as a fixed-dose,
ready-to-use subcutaneous injection via autoinjector,
representing a practical advantage over lyophilized GLP-2 analogs
requiring daily preparation. This monograph documents the
chemistry, design rationale, and synthesis of glepaglutide; the
GLP-2 receptor pharmacology and downstream intestinotrophic
signaling; the comprehensive human pharmacokinetic profile
including depot formation and metabolite characterization; the
preclinical pharmacology in intestinal growth and inflammatory
bowel disease models; the clinical evidence base from Phase 1
through Phase 3; sourcing and quality verification; reconstitution
and handling; stack interaction considerations; adverse events and
safety signals; and a comparative assessment of five GLP-2
receptor agonist candidates (teduglutide, apraglutide, dapiglutide,
elsiglutide, and native GLP-2) against glepaglutide on five
competency standards.
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1. Compound Identitication

1.1 Names, synonyms, and registry identifiers

International Nonproprietary Name: Glepaglutide (recommended INN).

Development codes: ZP1848 (Zealand Pharma internal designation). The devel-
opment code ZP1848 is the canonical identifier in the early pharmacology and
Phase 1 literature.

Chemical Abstracts Service registry number: 914009-86-2.
Molecular formula: C197H325N53055.

Structural designation: [Gly2,Glu3,Thr5,Ser8,Leul0,Alall,Alal6,Ala24,Ala28]-
hGLP-2(1-33)-NH-[Lys]6-NH2 [1].

Peptide length: 39 amino acid residues (33 residues corresponding to the modi-
fied GLP-2 backbone plus a 6-residue C-terminal lysine tail).

Orphan drug designations: United States Food and Drug Administration (SBS);
European Medicines Agency (SBS).

1.2 Structural class and chemistry

Glepaglutide belongs to the class of synthetic peptide analogs of human glucagon-
like peptide-2, a 33-amino-acid proglucagon-derived intestinotrophic hormone.
Native human GLP-2 (hGLP-2) is released from enteroendocrine L-cells of the distal
ileum and colon in response to luminal nutrients and is rapidly inactivated by
dipeptidyl peptidase-4 (DPP-4) cleavage at position 2, resulting in a circulating half-

life of approximately 7 minutes [2].

Glepaglutide incorporates nine amino acid substitutions relative to native hGLP-
2(1-33): glycine at position 2 (conferring DPP-4 resistance, as in teduglutide); gluta-
mate at position 3; threonine at position 5; serine at position 8; leucine at position
10; and alanine at positions 11, 16, 24, and 28 [1]. These substitutions were selected

through systematic structure-activity optimization to achieve high GLP-2 receptor
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potency while simultaneously improving chemical and physical stability sufficient
to permit a stable aqueous liquid formulation at physiological pH, a property not
achievable with native hGLP-2 or teduglutide [1].

The C-terminal hexalysine tail ([Lys]6-NH2) is appended to position 33 via amide
bond and constitutes Zealand Pharma's Structure Inducing Probe (SIP) technology.
The polylysine extension promotes intermolecular association and depot formation
upon subcutaneous injection, slowing the release of active peptide into systemic
circulation and thereby extending the effective half-life from hours to days [1, 3].

Physical properties: Glepaglutide is supplied as a clear, colorless to slightly yel-
low aqueous solution for subcutaneous injection. The ready-to-use liquid formula-
tion is stable at refrigerated conditions (2 to 8 degrees Celsius) without reconstitu-

tion, representing a practical advance over lyophilized GLP-2 analogs.

1.3 Synthesis

Glepaglutide was synthesized batchwise by standard Fmoc (9-fluorenylmethyloxy-
carbonyl) solid-phase peptide synthesis [1]. The crude peptide was purified by
preparative reverse-phase high-performance liquid chromatography. Identity of
the purified material was confirmed by electrospray ionization mass spectrometry.
The C-terminal hexalysine tail was reported to significantly improve synthesis
yields by promoting peptide solubility during chain assembly and cleavage [1].
Industrial-scale manufacture employs good manufacturing practice (GMP) solid-
phase peptide synthesis with subsequent formulation into the ready-to-use aqueous
solution at the target concentration for autoinjector delivery. The compound is
manufactured as the acetate salt for pharmaceutical formulation.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY CONSUMPTION 6



2. Abstract

Glepaglutide (ZP1848) is a long-acting, 39-amino-acid peptide analog of human
glucagon-like peptide-2 developed by Zealand Pharma for the treatment of short
bowel syndrome with intestinal failure. The compound activates the GLP-2 receptor
to promote intestinal mucosal growth, enhance absorptive capacity, and reduce de-
pendence on parenteral nutrition in patients with anatomically insufficient bowel
length [4, 5].

The principal clinical application is the reduction of parenteral support require-
ments in adult patients with SBS who are dependent on intravenous fluid and nutri-
tion supplementation. The pivotal Phase 3 EASE-SBS 1 trial demonstrated that
glepaglutide 10 mg administered subcutaneously twice weekly significantly re-
duced weekly parenteral support volume compared to placebo over 24 weeks, with
102 of 106 enrolled patients completing the trial [5]. The magnitude of parenteral
support reduction (mean change minus 5.13 liters per week versus minus 2.85 liters
per week for placebo) was clinically meaningful and consistent with the class effect
observed with teduglutide, the only currently approved GLP-2 analog for this

indication.

The pharmacokinetic profile is distinguished by depot formation at the subcuta-
neous injection site, from which the parent compound and two active C-terminally
truncated metabolites (M1 and M2) are slowly released. The effective half-life of ap-
proximately 50 to 124 hours enables twice-weekly dosing, a reduction in injection
burden compared to the daily subcutaneous injection required for teduglutide [3,
6]. The compound is formulated as a ready-to-use aqueous solution in a prefilled au-
toinjector, eliminating the reconstitution step required for teduglutide.

Regulatory development has included submission of a New Drug Application to
the FDA (2023), receipt of a Complete Response Letter (December 2024) citing insuf-
ficient confirmatory evidence at the proposed marketed dose, and submission of a
Marketing Authorization Application to the European Medicines Agency (June 2025)
[7, 8]. Zealand Pharma plans an additional Phase 3 trial to support United States reg-

ulatory resubmission.
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Preclinical pharmacology extends beyond the SBS indication. Glepaglutide
demonstrated anti-inflammatory and mucosal regenerative effects in a rat model of
indomethacin-induced small intestinal inflammation, suggesting potential applica-
bility to inflammatory bowel disease [9]. The compound significantly reduced in-
flammatory markers (alpha-1-acid glycoprotein, myeloperoxidase) and reversed in-
testinal shortening in both co-treatment and post-treatment regimens.

The safety profile is consistent with the GLP-2 agonist class. Principal adverse
events are injection site reactions, stoma complications, gastrointestinal symptoms
(nausea, vomiting, abdominal pain), peripheral edema, and fatigue. No unexpected
serious safety signals have emerged from Phase 3 data. Anti-drug antibody forma-
tion occurs in a subset of patients but has not been associated with loss of efficacy
or serious adverse events [5].
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3. Discovery and Development History

3.1 Origin and rationale

The discovery of GLP-2 as an intestinotrophic hormone was reported by Drucker et
al. in 1996, who demonstrated that exogenous GLP-2 administration produced sig-
nificant small intestinal mucosal growth in mice [10]. This finding established the
therapeutic rationale for GLP-2 analogs in conditions of intestinal insufficiency.
The first clinical GLP-2 analog, teduglutide (formerly ALX-0600), was developed by
NPS Pharmaceuticals (later acquired by Shire, then Takeda) and received FDA ap-
proval in 2012 as Gattex for the treatment of adult patients with SBS dependent on
parenteral support [11].

Teduglutide demonstrated clinical proof-of-concept for the GLP-2 mechanism
but had pharmacokinetic and formulation limitations: a half-life of only 2 to 3
hours requiring daily subcutaneous injection, and a lyophilized powder formula-
tion requiring reconstitution before each administration [11]. These limitations rep-
resented an opportunity for next-generation GLP-2 analogs with extended duration
of action and improved convenience.

3.2 Zealand Pharma peptide engineering

Zealand Pharma, a Danish biotechnology company specializing in peptide thera-
peutics, initiated the glepaglutide program to develop a long-acting GLP-2 analog
with physicochemical properties enabling a stable liquid formulation. The design
strategy employed systematic amino acid substitution across the GLP-2(1-33) back-
bone to identify variants with retained receptor potency, improved chemical stabil-
ity (resistance to oxidation, deamidation, and aggregation), and enhanced physical
stability in aqueous solution [1].

The C-terminal hexalysine SIP tail was a critical innovation: by promoting con-
trolled intermolecular association at the injection site, the tail created a subcuta-
neous depot mechanism that extended the effective duration of action from hours
to days without requiring lipidation, PEGylation, or albumin fusion strategies em-
ployed by other long-acting peptide programs [1].
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3.3 Preclinical development

Preclinical studies in rats demonstrated that glepaglutide produced dose-depen-
dent increases in small intestinal mass and length consistent with GLP-2 receptor
activation [9, 12]. The intestinotrophic effect was associated with increased crypt
depth, villus height, and mucosal cross-sectional area. Comparative preclinical
pharmacology established that glepaglutide had lower receptor potency than
teduglutide and apraglutide in vitro but achieved comparable or superior in vivo
intestinotrophic activity at extended dosing intervals owing to its depot pharma-
cokinetics [12].

3.4 Clinical development timeline

Phase 1 studies in healthy volunteers characterized the pharmacokinetic profile,
safety, and tolerability of single and multiple ascending subcutaneous doses of
glepaglutide [3, 6]. These studies established the depot formation mechanism, char-
acterized the M1 and M2 metabolite profile, and confirmed the extended half-life
supporting twice-weekly or once-weekly dosing.

The Phase 2 trial (NCT02690025), published by Naimi et al. in The Lancet
Gastroenterology and Hepatology in 2019, was a single-center, double-blind, ran-
domized crossover study in 18 adult patients with SBS [4]. Patients received daily
subcutaneous glepaglutide at 0.1, 1, or 10 mg for 3 weeks with 4 to 8 week washout
periods between doses. The 1 mg and 10 mg doses produced significant improve-
ments in intestinal wet weight absorption and significant increases in plasma cit-
rulline (a biomarker of functional enterocyte mass), with trends toward increased

villus height and crypt depth on intestinal biopsies [4, 13].

The Phase 3 EASE-SBS 1 trial (NCT03690206), a multinational, double-blind,
placebo-controlled study conducted at 29 hospital centers across the United States,
United Kingdom, Belgium, Canada, Denmark, France, Germany, the Netherlands,
and Poland, enrolled 106 patients with SBS-IF dependent on parenteral support at
least three days per week [5]. Patients were randomized equally to glepaglutide 10
mg twice weekly, glepaglutide 10 mg once weekly, or placebo for 24 weeks.
Enrollment was completed in January 2022; positive topline results were an-
nounced in September 2022; and the full publication appeared in Gastroenterology
in December 2024 [5].
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The EASE-SBS 2 trial (NCT03905707) is an open-label, long-term safety and effi-
cacy extension in which patients completing EASE-1 continued glepaglutide treat-
ment for up to two years without placebo control [5].

3.5 Regulatory milestones

Zealand Pharma submitted a New Drug Application to the FDA in late 2023. In
December 2024, the FDA issued a Complete Response Letter stating that the applica-
tion did not meet requirements for substantial evidence of efficacy and safety at the
proposed marketed dose, and recommended an additional confirmatory clinical
trial [7]. In June 2025, Zealand Pharma submitted a Marketing Authorization
Application to the European Medicines Agency based on the EASE-1 data package
[8]. An additional Phase 3 trial is planned for initiation in 2025 to support both
global regulatory submissions and United States resubmission.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 1



4. Mechanism of Action

4.1 GLP-2 receptor biology

The glucagon-like peptide-2 receptor (GLP-2R) is a class B (secretin family) G-pro-
tein-coupled receptor encoded by the GLP2R gene. In the intestine, GLP-2R expres-
sion is localized to subepithelial myofibroblasts beneath the crypt-villus axis, en-
teroendocrine cells, and neurons of the submucosal and myenteric plexuses [14,
15]. Notably, the receptor is not expressed on the proliferating crypt epithelial cells
themselves; the intestinotrophic action of GLP-2 is therefore indirect, mediated
through paracrine release of growth factors from receptor-bearing stromal and
neuronal cells [15].

4.2 Receptor activation and downstream signaling

Glepaglutide binds the GLP-2R at the orthosteric site with potent agonist activity,
triggering Gs-coupled adenylyl cyclase activation and cyclic AMP generation in re-
ceptor-expressing cells [1, 12]. The downstream signaling cascade involves release
of multiple paracrine growth mediators from subepithelial myofibroblasts and en-
teric neurons:

Insulin-like growth factor-1 (IGF-1): Released from subepithelial myofibroblasts
in response to GLP-2R activation. IGF-1 acts on IGF-1 receptors expressed on crypt
epithelial cells and Lgr5-positive intestinal stem cells, activating PI3K/Akt signal-
ing, Wnt/beta-catenin pathway potentiation, and S-phase entry of stem and transit-
amplifying progenitor cells [15, 16].

Epidermal growth factor (EGF) and ErbB ligands: Released from subepithelial
myofibroblasts. ErbB receptor signaling in crypt cells promotes proliferation and
survival through MAPK/ERK pathway activation [15].

Keratinocyte growth factor (KGF/FGF7): Promotes epithelial cell proliferation
and differentiation in the crypt-villus axis.
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4.3 Physiological effects on the intestinal mucosa

The composite downstream signaling produces several coordinated physiological
effects:

Crypt cell proliferation: Increased mitotic activity in the crypt compartment
through IGF-1R and ErbB-mediated stimulation of Lgr5-positive intestinal stem

cells and transit-amplifying progenitor cells [16].

Villus elongation: Increased villus height resulting from enhanced cell produc-
tion in the crypt and reduced apoptosis at the villus tip, expanding the absorptive

surface area [4, 13].

Inhibition of enterocyte apoptosis: Reduced programmed cell death at the villus
tip, prolonging the functional lifespan of mature absorptive enterocytes.

Enhanced barrier function: Strengthened tight junction integrity and reduced
paracellular permeability, improving the intestinal barrier against luminal anti-
gens and bacteria.

Increased mesenteric blood flow: GLP-2R activation on enteric neurons in-
creases splanchnic perfusion, supporting nutrient uptake from the mucosal surface
[13].

Suppression of gastric acid hypersecretion: Reduction of the compensatory gas-
tric acid hypersecretion that occurs in SBS patients, decreasing fluid losses and im-
proving absorption in the residual intestine.

Inhibition of accelerated motility: Slowing of intestinal transit through enteric
neural mechanisms, increasing contact time between luminal contents and the ab-

sorptive epithelium.

4.4 GLP-1 receptor cross-reactivity

Pharmacological characterization has demonstrated that glepaglutide activates the
GLP-1 receptor to a greater degree than teduglutide or apraglutide, though with
substantially lower potency than at the GLP-2 receptor [12]. The clinical signifi-
cance of this GLP-1R cross-reactivity at therapeutic doses has not been established;
it may contribute to the gastrointestinal adverse events (nausea, vomiting) ob-
served in clinical trials, which overlap with the known GLP-1R agonist adverse-
event profile.
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4.5 Anti-inflammatory mechanism

Beyond its intestinotrophic activity, GLP-2R activation suppresses intestinal inflam-
mation through multiple pathways: reduction of proinflammatory cytokine release
(TNF-alpha, IL-1beta, IL-6) from mucosal immune cells, decreased myeloperoxi-
dase activity indicating reduced neutrophil infiltration, and promotion of mucosal
regeneration in damaged epithelium [9]. These anti-inflammatory properties have
been demonstrated for glepaglutide specifically in indomethacin-induced small in-
testinal inflammation models in rats, where the compound reversed intestinal
shortening and normalized inflammatory markers without requiring pre-treatment

[9].
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5. Pharmacokinetics and Routes of
Administration

5.1 Absorption and depot formation

Glepaglutide is administered by subcutaneous injection. Upon injection, the
hexalysine C-terminal tail promotes intermolecular association and formation of a
subcutaneous depot at the injection site [1, 3]. The parent compound and its active
metabolites are slowly released from this depot into systemic circulation, creating
a pharmacokinetic profile characterized by extended absorption rather than rapid
peak-and-trough kinetics.

The depot formation mechanism is the primary determinant of the pharmacoki-
netic profile. Unlike lipidated peptides (such as semaglutide, which achieves ex-
tended duration through albumin binding) or PEGylated peptides, glepaglutide
achieves long action through physical depot formation at the injection site without
covalent chemical modification to a carrier molecule [1].

5.2 Metabolite formation

Following subcutaneous injection, two principal active metabolites are formed
within the depot by C-terminal proteolytic cleavage of the hexalysine tail: M1 (35
amino acids, resulting from removal of one lysine residue) and M2 (34 amino acids,
resulting from removal of two lysine residues) [3, 6]. Both M1 and M2 retain GLP-2
receptor agonist activity. The pharmacokinetics of glepaglutide following subcuta-
neous dosing are primarily determined by the slow release of these metabolites
from the subcutaneous depot rather than by systemic clearance of the parent com-
pound [3].

5.3 Distribution

Detailed volume of distribution data from human studies have been reported in the
Phase 1 pharmacokinetic characterization [3]. The compound distributes to the in-

testinal submucosal compartment where GLP-2R-expressing cells reside. Plasma
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protein binding characteristics have not been published in detail but are expected
to be moderate given the peptide nature of the compound.

5.4 Elimination and half-lite

The estimated mean effective half-life for glepaglutide at the 5 mg and 10 mg subcu-
taneous doses was 124 hours (range 73 to 185 hours) and 88 hours (range 31 to 146
hours), respectively, in healthy volunteer studies [3]. This extended half-life sup-
ports twice-weekly dosing at the 10 mg clinical dose. By comparison, native GLP-2
has a half-life of approximately 7 minutes and teduglutide has a half-life of approxi-
mately 2 to 3 hours [2, 11].

Systemic clearance is primarily through proteolytic degradation, as expected for

a peptide compound. Renal elimination of intact peptide is minimal.

5.5 Renal impairment

A dedicated pharmacokinetic study in subjects with renal impairment demon-
strated that glepaglutide exposure was not meaningfully altered in mild, moderate,
or severe renal impairment, and dose adjustment is not required on the basis of re-
nal function [6]. This finding is consistent with the predominantly proteolytic

(rather than renal) elimination pathway.

5.6 Route and dosing schedule

The clinical route of administration is subcutaneous injection via prefilled autoin-
jector. The Phase 3 program evaluated both twice-weekly and once-weekly dosing
at the 10 mg fixed dose [5]. Twice-weekly dosing met the primary efficacy endpoint;
once-weekly dosing showed numerically smaller reductions in parenteral support
volume. The proposed marketed dose regimen is 10 mg subcutaneously twice
weekly.
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6. Preclinical Pharmacology

6.1 Intestinotrophic activity in rodents

Glepaglutide produces dose-dependent increases in small intestinal mass, length,
and mucosal thickness in rats following subcutaneous administration [9, 12]. The
intestinotrophic effect is associated with histologically confirmed increases in
crypt depth, villus height, and epithelium height, consistent with stimulation of
crypt cell proliferation and inhibition of villus tip apoptosis. The magnitude of in-
testinal growth at pharmacologically equivalent doses is comparable to teduglutide
when dosing frequency is adjusted for the respective half-lives of the compounds
[12].

6.2 Comparative preclinical pharmacology

In a head-to-head preclinical comparison of GLP-2 analogs in rats, apraglutide
demonstrated lower clearance (0.27 mL/kg/min) and longer half-life (159 minutes)
compared to glepaglutide (clearance 2.8 mL/kg/min, half-life 16 minutes in rats)
and teduglutide (clearance 9.9 mL/kg/min, half-life 19 minutes in rats) [12].
However, the rat pharmacokinetic half-life of glepaglutide does not reflect the hu-
man depot-mediated effective half-life of 50 to 124 hours, because the depot forma-
tion mechanism operates differently across species and is dependent on the injec-
tion volume-to-body-mass ratio.

6.3 Inflammatory bowel disease model

Grondahl et al. (2023) evaluated glepaglutide in a rat model of indomethacin-in-
duced small intestinal inflammation, a model system for inflammatory bowel dis-
ease [9]. Indomethacin produces reproducible small intestinal ulceration, shorten-
ing, and mucosal inflammation. Glepaglutide was tested in two regimens: co-treat-
ment (administered simultaneously with indomethacin) and post-treatment (ad-
ministered after inflammation was established).
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In both regimens, glepaglutide significantly reduced the severity of small intesti-
nal inflammation as measured by reversal of intestinal shortening, decreased
plasma alpha-1-acid glycoprotein concentrations, and reduced tissue myeloperoxi-
dase activity [9]. Simultaneously, glepaglutide produced significant increases in
small intestinal mass, demonstrating preserved intestinotrophic activity in the in-
flamed intestine. The finding that post-treatment (rather than only pre-treatment or
co-treatment) was effective is clinically relevant, as patients with IBD would

present with established inflammation.

6.4 Bile acid and FGF-19 axis

A secondary analysis of the Phase 2 trial characterized the effects of glepaglutide on
the bile acid-farnesoid X receptor-fibroblast growth factor 19 (FGF-19) axis in SBS
patients [17]. Glepaglutide treatment increased plasma FGF-19 concentrations, con-
sistent with enhanced ileal bile acid absorption and FXR activation. This finding
supports the intestinotrophic mechanism and suggests additional metabolic bene-
fits through improved enterohepatic bile acid cycling.
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7. Clinical Evidence Base

7.1 Phase 1 healthy volunteer studies

Phase 1 studies characterized the pharmacokinetics, safety, and tolerability of
glepaglutide in healthy subjects following single and multiple ascending subcuta-
neous doses [3]. These studies established the depot formation mechanism, con-
firmed the M1 and M2 metabolite profile, demonstrated dose-proportional expo-
sure over the studied dose range, and identified the effective half-life supporting
extended dosing intervals. The compound was well tolerated, with injection site re-

actions as the most common adverse event.

7.2 Phase 2 efficacy trial (Naimi et al., 2019)

The Phase 2 trial was a single-center, double-blind, randomized, crossover, dose-
finding study conducted at Rigshospitalet, Copenhagen, Denmark, in 18 adult pa-
tients with SBS (with or without stoma) [4]. Patients received daily subcutaneous in-
jections of glepaglutide at 0.1, 1, or 10 mg for 3 weeks in a crossover design with 4 to

8 week washout periods between treatment courses.

Primary outcomes were changes in intestinal wet weight absorption and urinary
output measured by 72-hour metabolic balance studies. The 1 mg and 10 mg doses
produced clinically meaningful improvements in intestinal absorption, with the 10
mg dose demonstrating the largest effect. Plasma citrulline, a validated biomarker
of functional enterocyte mass, increased significantly in the 1 mg group (by 15.3
micromol/L; P equals 0.001) and the 10 mg group (by 15.6 micromol/L; P equals
0.001) [13].

Intestinal biopsies obtained before and after treatment showed trends toward in-
creased villus height, crypt depth, and epithelium height in the 1 and 10 mg dose
groups, though these histological endpoints did not achieve statistical significance
in the small sample [13].
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7.3 Phase 2 intestinal morphology and perfusion substudy

Naimi et al. (2023) reported a secondary analysis of the Phase 2 trial examining in-
testinal morphology and perfusion using quantitative fluorescence angiography
with indocyanine green and Laser Speckle Contrast Imaging [13]. Glepaglutide did
not significantly alter intestinal perfusion as measured at the end of the three-week
treatment period. The authors noted that an acute-phase increase in intestinal per-
fusion at treatment initiation (consistent with the known GLP-2 effect on mesen-

teric blood flow) may have preceded the measurement timepoint [13].

7.4 Phase 3 EASE-SBS 1 trial

The pivotal EASE-SBS 1 trial (NCT03690206) was a multinational, randomized, dou-
ble-blind, placebo-controlled, parallel-group study conducted at 29 hospital centers
across nine countries [5]. A total of 106 patients with SBS-IF dependent on par-
enteral support at least three days per week were randomized equally to three
arms: glepaglutide 10 mg subcutaneously twice weekly, glepaglutide 10 mg subcu-
taneously once weekly, or matching placebo.

The primary endpoint was the absolute change in weekly parenteral support vol-
ume from baseline to week 24, assessed by a standardized optimization protocol in
which parenteral support prescriptions were adjusted according to prespecified hy-

dration and nutritional criteria.

Primary efficacy results: Glepaglutide 10 mg twice weekly produced a mean re-
duction in weekly parenteral support volume of 5.13 liters per week versus 2.85
liters per week for placebo (difference minus 2.28 liters per week; P equals 0.0039)
[5]. The once-weekly dosing arm showed a numerically smaller but non-statisti-
cally-significant reduction compared to placebo.

Completion rates were high: 102 of 106 patients (96 percent) completed the 24-
week trial, and 96 continued into the open-label extension studies EASE-2 and
EASE-3 [5].

The clinical relevance of the parenteral support reduction is substantial for SBS-
IF patients, in whom parenteral nutrition dependency imposes catheter-related in-
fection risk, hepatobiliary complications, impaired quality of life, and restricted
mobility. Reductions in parenteral support volume and frequency reduce these
risks proportionally.
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7.5 EASE-SBS 2 and EASE-SBS 3 extension trials

The EASE-SBS 2 trial (NCT03905707) is a two-year, open-label extension assessing
long-term safety and efficacy [5]. Patients from the EASE-1 placebo arm were re-
randomized to glepaglutide once weekly or twice weekly. The trial does not include
a placebo arm. Long-term safety data from this extension supported the regulatory

submissions.

7.6 Transplantation substudy

Preliminary data from a substudy presented at the 2023 Transplantation congress
reported that glepaglutide induced clinically meaningful improvements in patients
with SBS-IF, including patients with prior intestinal transplantation or those being
considered for transplant listing [18].
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8. Sourcing and Quality Verification

Glepaglutide is not currently approved for commercial sale in any jurisdiction (as
of the monograph revision date). The compound is available through the following

channels:

Clinical trial supply: Zealand Pharma supplies glepaglutide through its clinical
trial programs (EASE-SBS 1, 2, and 3) and any subsequent confirmatory trials.
Access for clinical research is through the Zealand Pharma clinical development
team.

Research-grade supply: Research-grade glepaglutide (as the acetate salt, ZP1848
acetate) is available from specialty peptide research suppliers including
MedChemExpress and Invivochem at greater than 95 percent purity by HPLC.
Supply is in milligram quantities for in vitro and preclinical research applications.
Pricing reflects the complexity of solid-phase synthesis of a 39-amino-acid peptide.

Quality verification for research-grade material: Investigators should confirm:

* Reverse-phase HPLC purity (target greater than 95 percent area-percent)

* Electrospray ionization mass spectrometry confirmation of molecular weight
(C197H325N53055)

¢ Amino acid analysis to confirm composition consistent with the nine substitu-
tions and hexalysine tail
* Peptide content determination (accounting for counter-ion, water, and resid-

ual solvent content)

¢ Endotoxin testing for any in vivo administration

Research-grade glepaglutide is appropriate for in vitro receptor pharmacology, cell-
based assays, and preclinical animal studies. It should not be used for human ad-
ministration outside of approved clinical trial protocols.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 22



9. Reconstitution and Handling

9.1 Clinical formulation

Glepaglutide is formulated as a ready-to-use, clear aqueous solution for subcuta-
neous injection. This is a distinguishing feature of the compound: unlike teduglu-
tide (which is supplied as a lyophilized powder requiring daily reconstitution with
sterile water before each injection), glepaglutide requires no reconstitution step [1].
The prefilled autoinjector device delivers a fixed 10 mg dose. Storage is at refriger-
ated conditions (2 to 8 degrees Celsius). The formulation stability is a direct conse-
quence of the amino acid substitutions selected during the design phase, which
eliminated the oxidation-sensitive and aggregation-prone residues present in na-
tive GLP-2 and teduglutide [1].

9.2 Research-grade handling

Research-grade glepaglutide (acetate salt, lyophilized powder) should be reconsti-
tuted in sterile water, phosphate-buffered saline, or other physiological buffer at
the desired concentration for the experimental application. Stock solutions should
be prepared at concentrations appropriate for the planned dose range and
aliquoted to avoid repeated freeze-thaw cycles.

Storage of the lyophilized research-grade material is at minus 20 degrees Celsius
or below, desiccated, and protected from light. Reconstituted solutions should be
stored at 2 to 8 degrees Celsius and used within 7 to 14 days, or aliquoted and stored
at minus 20 degrees Celsius for longer-term use. Stability data for research-grade
preparations should be confirmed experimentally for each lot.

9.3 Subcutaneous injection technique

Clinical administration is by subcutaneous injection into the abdomen, thigh, or
upper arm. The injection should be rotated among sites to minimize injection site
reaction accumulation. The autoinjector device is designed for patient self-admin-
istration after training.
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10. Stack Interactions and
Combinations

Glepaglutide is a peptide compound degraded by proteolysis rather than by cy-
tochrome P450 enzymes. Conventional small-molecule drug-drug interactions me-
diated by CYP inhibition or induction are not expected. However, several pharma-
cological and physiological interactions warrant consideration:

Parenteral nutrition components: Glepaglutide is administered to patients re-
ceiving parenteral support. The reduction in parenteral support volume requires
coordinated clinical management to avoid dehydration or electrolyte imbalance
during the dose-optimization period. Parenteral support prescriptions should be
adjusted according to standardized protocols monitoring urinary output, body

weight, and serum electrolytes.

Oral medications with absorption dependent on intestinal surface area: The in-
testinotrophic effect of glepaglutide (increased villus height and absorptive surface
area) may alter the absorption of concurrently administered oral medications.
Narrow-therapeutic-index drugs (warfarin, digoxin, levothyroxine, immunosup-
pressants) should be monitored more closely during glepaglutide initiation and
dose stabilization.

Other GLP-2 receptor agonists: Concurrent administration with teduglutide or
apraglutide is pharmacologically redundant and has not been studied. The combi-

nation is not recommended.

GLP-1 receptor agonists: Given the reported mild GLP-1R cross-reactivity of
glepaglutide, concurrent administration with GLP-1R agonists (semaglutide, li-
raglutide, tirzepatide) could theoretically produce additive gastrointestinal adverse
effects (nausea, vomiting). The clinical relevance of this interaction in SBS patients
is uncertain, as GLP-1R agonists are not commonly prescribed in this population.

Proton pump inhibitors and H2-receptor antagonists: GLP-2 suppresses gastric
acid hypersecretion. Patients on concurrent acid-suppression therapy may experi-
ence additive reduction in gastric acid output. Clinical monitoring is appropriate

but dose adjustment of acid-suppression therapy is not routinely required.
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Immunosuppressants in transplant patients: SBS patients with prior intestinal
transplant may be on chronic immunosuppression. No pharmacokinetic interac-
tion is expected, but the immunological implications of enhanced mucosal growth
in transplanted intestinal segments have not been fully characterized.

Octreotide and somatostatin analogs: Octreotide is sometimes used in SBS to re-
duce intestinal secretions. Somatostatin analogs suppress GLP-2 release from en-
teroendocrine L-cells; however, exogenous glepaglutide administration bypasses
this feedback mechanism. The pharmacodynamic interaction between octreotide-
mediated motility reduction and glepaglutide-mediated intestinotrophic growth
has not been formally characterized.
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11. Adverse Events and Safety

11.1 Common adverse events

The safety profile of glepaglutide across Phase 2 and Phase 3 trials is consistent
with the known GLP-2 receptor agonist class effects [4, 5]:

¢ Injection site reactions (the most frequent adverse event; typically mild ery-
thema, swelling, or pruritus at the injection site; incidence greater than 50 per-
cent in Phase 2)

¢ Stoma complications (primarily swelling or enlargement of the stoma nipple;
reported in approximately 72 percent of patients in Phase 2, lower in Phase 3)

* Nausea (reported in approximately 44 percent of Phase 2 patients, lower fre-
quency in Phase 3)

¢ Abdominal pain (approximately 44 percent in Phase 2)

¢ Peripheral edema (approximately 56 percent in Phase 2)

¢ Vomiting (approximately 28 percent in Phase 2)

e Fatigue (approximately 33 percent in Phase 2)

¢ Abdominal distension (approximately 28 percent in Phase 2)
* Headache (reported in greater than 10 percent in Phase 3)

¢ Dizziness (approximately 28 percent in Phase 2)

The higher adverse event rates in Phase 2 compared to Phase 3 reflect the daily dos-
ing protocol in Phase 2 (0.1, 1, and 10 mg daily for 3 weeks) versus the twice-weekly
or once-weekly 10 mg dosing in Phase 3, as well as the smaller sample size and
crossover design.

11.2 Injection site reactions and immunogenicity

Anti-drug antibodies developed in a proportion of glepaglutide-treated patients
during Phase 3 [5]. A trend toward higher incidence of injection site reactions was
observed in patients who became antibody-positive compared to those who re-
mained antibody-negative. However, injection site reactions often preceded anti-
body detection, and some patients developed antibodies without notable injection
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site reactions. No firm causal relationship between injection site reactions and anti-
glepaglutide antibody development has been established [5]. Antibody formation
has not been associated with loss of clinical efficacy or with serious adverse events.

11.3 Gastrointestinal events

The gastrointestinal adverse events (nausea, vomiting, abdominal pain, abdominal
distension) are consistent with both GLP-2 class effects (increased intestinal growth
and motility changes) and potential GLP-1R cross-reactivity. These events were pre-
dominantly mild to moderate, nonserious, and resolved during continued treat-
ment [5].

11.4 Stoma complications

Stoma swelling or enlargement is a recognized class effect of GLP-2 agonists, re-
flecting the intestinotrophic action at the stoma site. This effect was managed clini-
cally with stoma care optimization and did not require treatment discontinuation
in the majority of cases [4, 5].

11.5 Potential for intestinal neoplasia

As a mitogenic growth factor promoting crypt cell proliferation, theoretical con-
cern exists regarding the potential for GLP-2 agonists to promote intestinal neopla-
sia or accelerate growth of pre-existing intestinal polyps. This concern applies to
the entire GLP-2 agonist class and is reflected in the teduglutide label, which recom-
mends colonoscopic surveillance. Long-term surveillance data from glepaglutide
extension trials have not identified a signal for increased neoplasia risk, but the du-

ration of follow-up is limited [5].

11.6 Serious adverse events

The majority of adverse events in Phase 3 were nonserious and mild [5]. More ad-
verse events were reported in glepaglutide groups (414 and 395 events in twice-
weekly and once-weekly arms, respectively) compared to placebo (101 events), at-
tributable primarily to mild injection site reactions. Serious adverse events were
balanced across treatment groups and not attributed to the study drug in the pub-
lished Phase 3 data.
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12. Comparable Compounds
Assessment

This section presents a structured comparative assessment of five GLP-2 receptor
agonist candidates against glepaglutide, evaluated on five competency standards:
novelty, effect size, promising potential (current clinical state and trajectory), side-
effect profile, and overall validation. The comparators represent the principal GLP-
2 receptor agonists with clinical or advanced preclinical development relevant to
intestinal insufficiency indications.

12.1 Teduglutide (Gattex/Revestive)

Mechanism: GLP-2(1-33) analog with a single amino acid substitution (Gly2 replac-
ing Ala2) conferring DPP-4 resistance. Daily subcutaneous injection at 0.05 mg/kg
body weight [11].

Development trajectory: Developed by NPS Pharmaceuticals; FDA-approved
December 2012 for adult SBS-IF; subsequently approved for pediatric SBS-IF.
Currently marketed by Takeda as Gattex (US) and Revestive (EU). The compound is
the first and only approved GLP-2 analog for SBS as of the monograph revision date.

Novelty: Low (as a current comparator). First-in-class with a simple single-
amino-acid modification. The mechanism is established and well validated.

Effect size: In the pivotal STEPS trial, teduglutide 0.05 mg/kg/day produced a
mean reduction in parenteral support volume of 4.4 liters per week versus 2.3 liters
per week for placebo at 24 weeks [11]. Approximately 63 percent of teduglutide pa-
tients achieved a 20 percent or greater reduction in parenteral support volume.
Effect size is broadly comparable to glepaglutide Phase 3 data.

Promising potential: High (as an approved, marketed product). Established rev-
enue, post-marketing data, and clinical familiarity. However, the daily injection re-
quirement, weight-based dosing, and reconstitution burden represent practical
limitations that next-generation analogs address.
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Side-effect profile: GLP-2 class effects (abdominal pain, nausea, stoma complica-
tions, injection site reactions). Additionally requires colonoscopic surveillance for
colorectal polyps. Generally well tolerated.

Overall validation: Very high. FDA and EMA approved, post-marketing data
spanning over a decade, extensive real-world clinical experience.

Comparison to glepaglutide: Teduglutide is the established standard of care.
Glepaglutide offers reduced injection frequency (twice weekly versus daily), fixed
dosing (versus weight-based), and ready-to-use formulation (versus reconstitution).
Efficacy at 24 weeks appears comparable in magnitude across the respective pivotal
trials, though indirect comparison across different trial populations carries

methodological limitations.

12.2 Apraglutide (FE 203799, VectivBio/Ironwood)

Mechanism: Synthetic GLP-2 analog with very low systemic clearance and pro-
longed half-life (approximately 72 hours in humans), enabling once-weekly subcu-
taneous dosing [12, 19]. Retains full GLP-2R potency and selectivity comparable to
native GLP-2.

Development trajectory: Originally developed by Ferring Pharmaceuticals; sub-
sequently acquired by VectivBio (later acquired by Ironwood Pharmaceuticals in
2023). Phase 2 metabolic balance trials demonstrated improved fluid and energy
absorption in SBS-IF patients [19]. Phase 3 development is ongoing.

Novelty: Moderate. Once-weekly dosing with retained full receptor potency rep-
resents an advance over teduglutide and a differentiation from glepaglutide (which
also achieves extended dosing but through depot formation rather than intrinsic

peptide stability).

Effect size: Phase 2 data demonstrated significant improvement in intestinal ab-
sorption. Comparative Phase 3 data against placebo or against teduglutide are not
yet available in published form.

Promising potential: Moderate to high. Once-weekly dosing with high receptor
selectivity (no GLP-1R cross-reactivity reported) is pharmacologically attractive.
Phase 3 development is ongoing.
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Side-effect profile: Phase 1 and Phase 2 data show a safety profile consistent with
GLP-2 class effects. No unusual safety signals reported.

Overall validation: Moderate. Phase 2 data are positive; Phase 3 registration data
are pending.

Comparison to glepaglutide: Apraglutide offers once-weekly dosing (versus
twice-weekly for glepaglutide), higher GLP-2R selectivity (no GLP-1R cross-reactiv-
ity), and higher in vitro receptor potency. Glepaglutide offers the ready-to-use liq-
uid formulation advantage and a more advanced regulatory dossier (NDA submit-
ted, MAA submitted). The two compounds are direct competitors in the next-gener-
ation GLP-2 analog space.

12.3 Dapiglutide (Zealand Pharma)

Mechanism: Dual GLP-1/GLP-2 receptor agonist designed to provide simultaneous
intestinotrophic (GLP-2) and metabolic/appetite (GLP-1) effects in a single molecule
[20]. Developed by Zealand Pharma as a follow-on to glepaglutide.

Development trajectory: Phase 1b multiple ascending dose trial completed with
positive topline results announced in September 2024 [20]. The 13-week trial
demonstrated safety, tolerability, and pharmacokinetic profile consistent with
once-weekly dosing. Clinical development targets include SBS and potentially other

conditions where both GLP-1 and GLP-2 receptor activation would be beneficial.

Novelty: High. The dual GLP-1/GLP-2 agonist mechanism is a first-in-class con-
cept that has not been previously validated clinically. It represents the most mecha-
nistically innovative approach among the comparators.

Effect size: Phase 1b data demonstrate receptor activation biomarkers. Clinical
efficacy data in SBS patients are not yet available.

Promising potential: Moderate. The compound is early in clinical development
(Phase 1b completed). The theoretical rationale is strong, but clinical proof-of-con-

cept in SBS patients is pending.

Side-effect profile: Phase 1b data reported tolerability consistent with the com-
bined GLP-1/GLP-2 class effects. Full characterization awaits larger clinical trials.

Overall validation: Low. Phase 1b only. No efficacy data in the target patient
population.
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Comparison to glepaglutide: Dapiglutide represents Zealand Pharma's next-gen-
eration program that could supersede glepaglutide if clinical development is suc-
cessful. However, glepaglutide has a substantially more advanced clinical dataset
and regulatory dossier. The two compounds are sequentially positioned in Zealand
Pharma's pipeline rather than directly competitive.

12.4 Elsiglutide (ZP1846, Zealand Pharma)

Mechanism: GLP-2 analog developed by Zealand Pharma for the prevention of
chemotherapy-induced diarrhea. Unlike glepaglutide (which targets chronic in-
testinal insufficiency), elsiglutide targeted acute mucosal protection during cyto-
toxic chemotherapy [21].

Development trajectory: Zealand Pharma developed elsiglutide through Phase 2
clinical trials for prevention of chemotherapy-induced diarrhea in patients receiv-
ing irinotecan-based regimens. The program was licensed to Helsinn Group and
subsequently returned to Zealand Pharma in 2017 [21]. The compound is not in ac-
tive clinical development for any indication as of the monograph revision date.

Novelty: Low. The mechanism is conventional GLP-2R agonism applied to a dif-
ferent therapeutic context (acute mucosal protection rather than chronic in-
testinotrophic growth).

Effect size: Phase 2 results in chemotherapy-induced diarrhea did not demon-
strate sufficient efficacy to support Phase 3 advancement.

Promising potential: Low. Development has been discontinued.

Side-effect profile: The compound was well tolerated in Phase 2 studies, with ad-
verse events consistent with GLP-2 class effects.

Overall validation: Low. Development terminated after insufficient Phase 2
efficacy.

Comparison to glepaglutide: Elsiglutide and glepaglutide share the GLP-2R ago-
nist mechanism and the Zealand Pharma peptide engineering platform but target
different indications and have different pharmacokinetic profiles. Glepaglutide is
the successful long-duration program from which the SBS development proceeded;

elsiglutide represents an earlier, shorter-duration application that did not advance.
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12.5 Native human GLP-2(1-33)

Mechanism: The endogenous 33-amino-acid hormone released from enteroen-
docrine L-cells of the distal ileum and colon. Activates the GLP-2R with full agonist
potency and complete selectivity over other receptors [2, 10].

Development trajectory: Native GLP-2 was the proof-of-concept molecule stud-
ied by Drucker et al. (1996) and subsequently used in clinical proof-of-concept infu-
sion studies in SBS patients by Jeppesen et al. (2001) [10, 22]. It has never been de-
veloped as a therapeutic product owing to its 7-minute half-life requiring continu-

ous intravenous infusion.
Novelty: Not applicable (endogenous molecule, historical reference).

Effect size: Clinical infusion studies demonstrated significant improvements in
intestinal absorption with continuous subcutaneous infusion at 400 micrograms
three times daily, validating the GLP-2 mechanism for SBS treatment [22]. However,

the impracticality of the dosing regimen prevented clinical development.

Promising potential: None as a therapeutic candidate. High as a research tool
and reference standard for GLP-2R pharmacology.

Side-effect profile: Well tolerated in infusion studies. No adverse effects beyond
GLP-2 class effects.

Overall validation: High as a proof-of-concept molecule. The clinical validation
of native GLP-2 infusion established the therapeutic rationale for all subsequent

GLP-2 analogs including glepaglutide.

Comparison to glepaglutide: Native GLP-2 is the parent molecule from which
glepaglutide was derived through systematic peptide engineering. Glepaglutide re-
tains the receptor pharmacology while achieving the pharmacokinetic and physic-
ochemical properties necessary for practical clinical use.

12.6 Comparator summary

The five comparators occupy distinct positions in the GLP-2 receptor agonist land-
scape. Teduglutide is the approved standard of care with very high clinical valida-
tion but practical limitations in dosing frequency and formulation. Apraglutide is
the principal next-generation competitor with once-weekly dosing and high recep-
tor selectivity, but pending Phase 3 data. Dapiglutide represents the most mecha-
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nistically novel approach (dual GLP-1/GLP-2 agonism) but is early in clinical devel-
opment. Elsiglutide is a discontinued Zealand Pharma program in a different indi-
cation. Native GLP-2 is the historical proof-of-concept molecule and research refer-
ence standard.

Glepaglutide occupies the position of the most clinically advanced next-genera-
tion GLP-2 analog, with completed Phase 3 data, regulatory submissions to both
FDA and EMA, and a ready-to-use formulation in a prefilled autoinjector. Its princi-
pal clinical differentiation from teduglutide is the reduced injection frequency
(twice weekly versus daily) and the elimination of reconstitution. Its principal com-
petitive vulnerability relative to apraglutide is the twice-weekly (rather than once-
weekly) dosing frequency and the mild GLP-1R cross-reactivity that may contribute
to gastrointestinal adverse events. The FDA Complete Response Letter represents a
regulatory setback that apraglutide may exploit if its Phase 3 program produces a

positive first-cycle approval, though apraglutide's regulatory timeline is uncertain.
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This monograph is provided for research use only. Not for medical, diagnostic, or
therapeutic purposes. Not for human consumption. Glepaglutide is not approvea
by the United States Food and Drug Administration or the European Medicines
Agency as of the monograph revision date. The compound is in late-stage clinicai
development for short bowel syndrome with intestinal failure. Investigators shoula
consult their local regulatory authority and the sponsor (Zealand Pharma A/S) be-
fore any human research application. Research-grade material should be verifiea

for identity and purity on every lot.
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