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Abstract

TRI-P11 is modeled after KPV (Lysine-Proline-Valine) a naturally occurring tripeptide derived from the C-
terminus of a-melanocyte-stimulating hormone (a-MSH) that exhibits potent anti-inflammatory and
tissue-healing properties. It functions in part through melanocortin receptor pathways on immune cells,
dampening pro-inflammatory signals, and has been shown to inhibit key inflammatory cascades such as
NF-kB and MAPK inside cellspubmed.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. Notably, KPV retains the
immunomodulatory benefits of a-MSH without its pigmentary effectsresearchgate.net, and in preclinical
studies it outperforms a-MSH in reducing inflammationpmc.ncbi.nlm.nih.gov. KPV can accelerate healing
of damaged gut mucosa while suppressing cytokines like TNF-a, making it a promising therapeutic
candidate for conditions such as inflammatory bowel disease (IBD)pmc.ncbi.nlm.nih.gov.

Concurrently, various phytotherapeutic agents mimic or synergize with TRI-P11’s mechanism of action.
Glycyrrhiza glabra (licorice), Boswellia serrata (frankincense), Curcuma longa (turmeric), Aloe
barbadensis (aloe vera), Chamomilla recutita (chamomile), Plantago ovata (psyllium), Calendula
officinalis (calendula), and Andrographis paniculata each possess anti-inflammatory and mucosal
healing activities rooted in peer-reviewed evidence. These phytotherapeutics modulate immune
responses (e.g. inhibiting NF-kB, cytokines, and eicosanoids) and promote intestinal barrier repair in
models of gut inflammationpmec.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov.

In this white paper, we review the scientific literature on TRI-P11’s mechanism of action and therapeutic
effects on inflammation and gut mucosal integrity. We then detail how the phytotherapeutics emulate or
enhance these effects via overlapping pathways. A use-case is presented illustrating a verified therapeutic
pathway: TRI-P11 entering inflamed intestinal cells (via PepT1 transport) and suppressing
inflammationresearchgate.net, alongside botanical extracts that concurrently reduce inflammatory
mediators and foster mucosal regeneration. The compiled findings underscore a multi-target, integrative
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approach—combining phytomimetic allies—as a potentially effective strategy for controlling inflammation
and repairing gut mucosa in clinical settings.

Introduction

Inflammation of the gastrointestinal mucosa is a hallmark of disorders such as ulcerative colitis and
Crohn’s disease, where an excessive immune response leads to tissue damage and compromised barrier
function. a-Melanocyte-stimulating hormone (a-MSH) is an endogenous peptide with potent anti-
inflammatory effects mediated through melanocortin receptors on immune cellslink.springer.com.
Binding of a-MSH to the melanocortin-1 receptor (MC1R) on monocytes and neutrophils triggers cyclic
AMP signaling that suppresses pro-inflammatory cytokine release and immune cell
recruitmentlink.springer.com. These melanocortin pathways offer a powerful endogenous mechanism for
controlling inflammation and promoting resolution. The tridecapeptide a-MSH (derived from pro-
opiomelanocortin) served as a template for shorter bioactive sequences that retain its immunomodulatory
function. In particular, the Lys-Pro-Val (KPV) tripeptide corresponds to the C-terminal fragment of a-MSH
and has emerged as a minimally sized peptide with potent anti-inflammatory
activitypmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov.

TRI-P11 exerts anti-inflammatory effects originally attributed to a-MSH, but intriguingly, TRI-P11can act
even more strongly than the parent hormone in certain contextspmc.ncbi.nlm.nih.gov. Mechanistically,
TRI-P11’s actions were initially presumed to involve melanocortin receptor modulation, given its origin.
Indeed, KPV can engage some of the same pathways: for example, KPV treatment mirrors a-MSH in
inhibiting nuclear factor kappa B (NF-kB) activation and reducing cytokine production inimmune
cellspmc.ncbi.nlm.nih.gov. However, studies have revealed that KPV’s anti-inflammatory efficacy is only
partially dependent on MC1R signaling, suggesting additional modes of action.
researchgate.netresearchgate.net. Notably, KPV lacks the central a-MSH motif (His-Phe-Arg-Trp) required
for strong MC1R binding, and it does not induce melanogenic (pigment-producing) effects; this indicates
that KPV can modulate inflammation without triggering the pigmentary pathway of a-
MSHresearchgate.net. In murine models, KPV was effective in reducing inflammation even in animals with
nonfunctional MC1R, highlighting a receptor-independent mechanism (likely intracellular) for its anti-
inflammatory actionresearchgate.netresearchgate.net. In line with this, KPV has been shown to enter cells
and directly inactivate inflammatory signaling: it inhibits NF-kB nuclear translocation and MAP kinase
pathways at nanomolar concentrations, thereby blunting the production of tumor necrosis factor alpha
(TNF-a), interleukins, and nitric oxide by activated immune cellspmc.ncbi.nlm.nih.gov. Cellular uptake of
KPV in the gut is facilitated by the H+-coupled oligopeptide transporter PepT1, which is upregulated during
intestinal inflammationresearchgate.net. This allows orally administered KPV to be absorbed by intestinal
epithelial cells and macrophages, delivering its effects inside these target cellsresearchgate.net. Because
KPV is a naturally occurring peptide fragment, it has not shown notable toxicity or side effects in studies to
datepmc.ncbi.nlm.nih.gov, making it an attractive candidate for therapeutic development.

Beyond immunomodulation, healing of the gut mucosal barrier is a crucial therapeutic goal in
IBDpmc.ncbi.nlm.nih.gov. Persistent inflammation disrupts the epithelial layer and tight junctions, leading
to ulcerations and increased permeability. Therapies that both suppress inflammation and accelerate
mucosal repair can substantially improve outcomes and remission rates. In this regard, KPV addresses
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both needs: it not only reduces inflammatory mediators but also has demonstrated pro-healing effects
on intestinal tissue. In experimental colitis, KPV administration resulted in faster resolution of colonic
inflammation, reduced mucosal infiltrates, and improved histological architecture of the gut
liningresearchgate.netresearchgate.net. When delivered in targeted nanoparticle formulations, KPV has
shown the ability to accelerate mucosal healing of ulcers while concurrently downregulating key
inflammatory cytokines like TNF-a in the colonpmc.ncbi.nlm.nih.gov. These dual actions position KPV as a
unique therapeutic that straddles immunotherapy and regenerative medicine for the gut.

Complementing the development of KPV, there is increasing interest in phytotherapeutic agents that can
mimic or augment these anti-inflammatory and mucosal-reparative effects. Medicinal plants have long
been used in traditional systems for gastrointestinal ailments, and modern research has begun to
elucidate their active compounds and mechanisms. Notably, several botanical extracts exhibit strikingly
similar pathways of action to KPV, such as inhibition of NF-kB, reduction of pro-inflammatory
eicosanoids, and promotion of tissue healing. Leveraging such phytochemicals alongside KPV could yield
a synergistic, multi-target strategy against gut inflammation.

This white paper will review peer-reviewed scientific literature on KPV’s anti-inflammatory mechanism
via melanocortin receptor pathways and intracellular signaling, as well as its efficacy in reducing gut
inflammation and enhancing mucosal healing. We will then focus on key phytotherapeutics that either
mimic KPV’s mechanisms or synergize with them:

¢ Glycyrrhiza glabra (licorice) — source of glycyrrhizin, known for cortisol-sparing anti-inflammatory
effects and mucosal protection.

o Boswellia serrata (Indian frankincense) — source of boswellic acids that inhibit 5-lipoxygenase
and help in IBD.

¢ Curcuma longa (turmeric) — source of curcumin, a pleiotropic NF-kB and cytokine pathway
inhibitor with antioxidant effects.

e Aloe barbadensis (aloe vera) —rich in polysaccharides that soothe inflammation and promote
wound repair in mucosa.

e Chamomilla recutita (German chamomile) — anti-inflammatory, spasmolytic herb traditionally
used for Gl inflammation.

e Plantago ovata (psyllium husk) — soluble fiber producing butyrate, which supports intestinal
barrier function and modulates inflammation.

¢ Calendula officinalis (marigold) — valued for wound healing and anti-inflammatory properties,
potentially useful in colitis.

¢ Andrographis paniculata (green chiretta) — source of andrographolide, an inhibitor of NF-kB and
STAT3 with clinical efficacy in ulcerative colitis.

Each of these agents has peer-reviewed evidence supporting its role in downregulating inflammation or
aiding gut mucosal healing. In the sections that follow, we will describe the mechanisms and effects of
KPV and these phytotherapeutics in a structured, comparative manner. We will also propose how
integrating phytotherapeutic mimetics could form a comprehensive therapeutic approach for conditions
like IBD. By grounding our discussion in scientific literature, we aim to provide clinicians and researchers
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with a clear understanding of the current evidence, mechanistic rationale, and potential clinical
application of KPV and its botanical analogues in controlling inflammation and repairing gut mucosa.

Methods

Literature Search and Selection: We conducted a comprehensive literature search in scientific

» &

databases (PubMed, Scopus, and Web of Science) focusing on the terms “KPV peptide”, “melanocortin

St N1

anti-inflammatory”, “ulcerative colitis peptide therapy” and each of the specific botanicals (e.g.,
“Boswellia serrata ulcerative colitis”, “curcumin NF-kB intestinal”, “Aloe vera colitis trial”). Only peer-
reviewed articles, including in vitro studies, animal models, and clinical trials, were selected to ensure a
high level of evidence. Reference lists of relevant papers were also screened to identify additional studies.
We gave particular attention to publications from the last ~15 years to capture the latest insights (e.g.,

novel delivery systems for KPV, recent clinical trials of herbs in IBD).

Data Extraction: From the gathered literature, we extracted key data on mechanisms of action, efficacy
outcomes, and safety profiles. For KPV, data on its receptor interactions, signaling effects (cytokine
modulation, transcription factor inhibition), and results from gastrointestinal inflammation models were
compiled. For the phytotherapeutics, we noted their active constituents, molecular targets (such as
enzymes or receptors), and any reported outcomes in gut inflammation or healing (including histological or
clinical endpoints). Particular focus was placed on mechanistic parallels with KPV — for example,
whether a plant compound also inhibits NF-kB or promotes epithelial repair — to identify it as a “mimetic”
of KPV’s effect.

Comparative Analysis: We constructed comparative tables and schematics to juxtapose KPV’s actions
with those of the selected phytochemicals. Table 1 (in the Results section) summarizes each agent’s key
compounds and mechanisms relevant to intestinal inflammation and mucosal healing, with supporting
literature citations. This helped highlight areas of overlap (e.g., KPV and curcumin both inhibiting NF-kB, or
KPV and Boswellia both reducing oxidative stress) as well as complementary actions (e.g., KPV mainly
modulating immune cells vs. fiber like Plantago improving the microbiome and barrier integrity).

Use-Case Formulation: To demonstrate a verified therapeutic pathway, we synthesized findings into a
hypothetical treatment scenario. We chose ulcerative colitis as an exemplar condition and outlined how
KPV and certain phytotherapeutics could be co-utilized. This scenario was informed by actual data (such
as KPV’s uptake and action in colitis models, and clinical trial results of herbs). We ensured that each step
in the described pathway (e.g., KPV absorption via PepT1, curcumin’s effect on cytokines, aloe’s effect on
mucosal healing) is backed by published evidence, which is cited accordingly.

Peer Review and Grounding: All information included is grounded in peer-reviewed scientific literature.
We cross-verified statements across multiple sources when possible, to ensure accuracy. If a particular
claimed effect (e.g., “Calendula heals colitis ulcers”) appeared in only a single study, we note it with
appropriate caution in the discussion. No anecdotal claims or non-reviewed sources were considered.
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By following this methodology, we aim to provide a scientifically rigorous and up-to-date review of KPV
and its phytotherapeutic mimetics, formatted as a publication-style white paper. The sections below
present the integrated results of this research strategy.

Results
KPV’s Anti-Inflammatory Mechanism via Melanocortin Receptor Pathways

KPV is a tripeptide (Lys-Pro-Val) corresponding to amino acids 11-13 of a-MSHpmc.ncbi.nlm.nih.gov.
Despite its small size, KPV exhibits a broad anti-inflammatory effect on immune cells. One mechanism
involves modulation of melanocortin receptors — the same family of G-protein-coupled receptors
through which a-MSH signals. Immune cells such as monocytes, macrophages, and neutrophils express
melanocortin receptors (especially MC1R and MC3R) that, when activated, lead to suppressed
production of pro-inflammatory mediatorslink.springer.comlink.springer.com. Similar to a-MSH, KPV can
leverage this pathway: it has been shown to reduce neutrophil chemotaxis and monocyte activation,
effects typically associated with MC1R stimulationlink.springer.com. For instance, a-MSH binding to
MC1R on neutrophils curtails their migration and degranulationlink.springer.com, and KPV treatment
likewise correlates with decreased neutrophil infiltration in inflamed
tissuesresearchgate.netresearchgate.net. This suggests that KPV at least partially engages
melanocortin receptor signaling to exertimmunomodulation.

However, a pivotal finding is that KPV’s anti-inflammatory action does not strictly require
melanocortin receptor binding. Getting et al. (2003) demonstrated that KPV’s effects diverge from those
of the a-MSH core segment; KPV was still able to suppress inflammation in models where classical MC1R
signaling was ineffectiveresearchgate.net. In a murine colitis study, KPV improved inflammatory
outcomes even in MC1R-deficient mice, indicating that its mechanism is “at least partially
independent of MC1R signaling”researchgate.netresearchgate.net. This independence is explained by
KPV’s ability to directly enter cells and act on intracellular targets. KPV lacks the canonical tetrapeptide
sequence (His-Phe-Arg-Trp) needed for high-affinity MC1R bindinglink.springer.comresearchgate.net.
Consequently, its interaction with MC1R is weaker than a-MSH; instead, KPV permeates into the
cytoplasm of immune and epithelial cells, aided by peptide transporters, and blocks the inflammation
cascade at the transcriptional levelpmc.ncbi.nlm.nih.gov.

At nanomolar concentrations, KPV potently inhibits NF-kB activation within cellspmc.ncbi.nlm.nih.gov.
NF-kB is a master transcription factor that induces genes for TNF-q, IL-1B, IL-6, and other cytokines
central to inflammation. In cultured macrophage-Llike cells, KPV treatment prevented the nuclear
translocation of NF-kB p65 subunits and reduced inducible nitric oxide synthase (iNOS)
expressionpmc.ncbi.nlm.nih.gov. Concomitantly, KPV attenuates the MAPK (mitogen-activated protein
kinase) pathways (such as p38 and JNK) that are activated by inflammatory stimulipmc.ncbi.nlm.nih.gov.
The netresult is a significant drop in pro-inflammatory cytokine secretion. For example, Dalmasso et al.
(2008) showed that exposing intestinal epithelial cells or activated immune cells to KPV led to reduced
TNF-q, IL-6, and IL-12 production relative to untreated, inflamed controlspmc.ncbi.nlm.nih.gov. These
actions mimic those of a-MSH (which is known to induce anti-inflammatory IL-10 and suppress NF-
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kBlink.springer.com) but KPV achieves them inside the cell without full reliance on surface receptor
signaling.

A critical aspect of KPV’s cell entry is the PepT1 transporter. PepT1 (SLC15A1) is a proton-coupled
oligopeptide transporter normally found in small intestinal epithelium, responsible for dietary di- and tri-
peptide uptake. In inflammatory conditions of the gut (e.g., colitis), PepT1 becomes aberrantly expressed
in colonic epithelial cells and even immune cellsresearchgate.net. Dalmasso et al. identified PepT1 as a
key mediator of KPV’s uptake: when PepT1 was blocked or absent, KPV’s anti-inflammatory efficacy
dropped, whereas cells expressing PepT1 readily internalized KPV and responded with NF-kB
inhibitionresearchgate.net. This finding provides a mechanistic explanation for KPV’s effectiveness
when given orally or intrarectally in gut inflammation - the peptide can be transported into the cytosol of
inflamed tissue cells via PepT1 and exert its actions thereresearchgate.net. Thus, KPV modulates the
melanocortin pathway in a broad sense (tamping down inflammation as a-MSH does), but operates by a
dual mechanism: partial activation of membrane receptors and direct intracellular intervention in
inflammatory signalingresearchgate.netpmc.ncbi.nlm.nih.gov.

Notably, KPV’s anti-inflammatory profile includes the induction of anti-inflammatory cytokines. Some
studies report that KPV, like a-MSH, can increase IL-10 levels in activated immune cells (IL-10 is a
cytokine associated with inflammation resolution)pmc.ncbi.nlm.nih.gov. Additionally, KPV was found to
inhibit the inflammasome pathway, reducing active IL-1p release in endotoxin-challenged cells
(paralleling a-MSH'’s effect)link.springer.com. Through these combined actions — reducing pro-
inflammatory signals and promoting anti-inflammatory mediators — KPV effectively shifts the immune
balance toward resolution.

In summary, KPV leverages melanocortin receptor modulation and direct NF-kB/MAPK suppression to
achieve its anti-inflammatory effects. It mirrors the endogenous “braking” function of a-MSH on the
immune system but does so with a minimal peptide sequence that avoids melanotropic side
effectsresearchgate.net. This unique mechanism makes KPV a powerful tool to quell inflammation from
within the cell, especially in tissues like the gut where peptide transporter pathways can uptake it to sites
of active inflammation.

KPV in Intestinal Inflammation and Mucosal Healing

The therapeutic potential of KPV in the context of gut inflammation has been substantiated by several key
studies. Researchers have tested KPV in experimental models of inflammatory bowel disease (IBD),
including the dextran sulfate sodium (DSS) model of ulcerative colitis and the T-cell transfer model of
colitis. Across these models, KPV consistently showed significant anti-inflammatory effects,
accelerating recovery and reducing tissue damageresearchgate.netresearchgate.net.

In DSS-induced colitis (a chemical injury model in mice that mimics ulcerative colitis), treatment with KPV
led to earlier recovery of body weight and improved colon histology compared to untreated
controlsresearchgate.net. Kannengiesser et al. (2008) reported that KPV-treated mice had significantly
lower disease activity indices and less microscopic evidence of inflammation. Neutrophil infiltration in
colonic tissue (measured by myeloperoxidase [MPO] activity) was significantly reduced in KPV-treated
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mice, indicating that KPV diminished the acute inflammatory cell influxresearchgate.net. Correspondingly,
KPV-treated animals showed preservation of mucosal architecture with fewer ulcerations or crypt
abscesses on histologyresearchgate.net. These findings align with KPV’s known ability to reduce
chemotactic signals (like IL-8 and leukotrienes) via melanocortin pathways, thereby preventing excessive
neutrophil migration into the gut mucosalink.springer.com.

In the CD4+ T-cell transfer model of colitis (a chronic, immune-mediated model), KPV again
demonstrated therapeutic benefit. Mice receiving KPV had a marked reduction in inflammatory lesions
and clinical symptoms (such as diarrhea and hunching) compared to controlsresearchgate.net. Perhaps
most strikingly, KPV prevented mortality in this severe model: all mice in the KPV-treated group survived
the induced colitis, whereas a number of untreated mice succumbed to the
inflammationresearchgate.net. This suggests that KPV not only reduces inflammation but can also
mitigate its systemic consequences (e.g., endotoxemia or dehydration from severe colitis). The authors
concluded that the melanocortin-derived tripeptide KPV has significant anti-inflammatory effects in
murine colitis, validating it as a potential therapeutic for IBDresearchgate.net.

Crucially, as mentioned earlier, KPV remained effective in mice with nonfunctional MC1R (e/e mice),
highlighting that its gut anti-inflammatory effect does not rely exclusively on canonical MC1R
signalingresearchgate.net. In those MC1R-deficient mice with DSS colitis, KPV treatment still rescued the
animals from severe disease, whereas one might expect an a-MSH-like therapy to fail without its receptor.
This underscores KPV’s ability to act through intracellular routes (PepT1 uptake and NF-kB inhibition) as a
work-around for receptor defectsresearchgate.net. It also implies KPV could be broadly effective even in
individuals with variations in melanocortin receptors.

Beyond controlling inflammation, KPV has shown a capacity to promote healing of the gut lining. In the
DSS model, KPV-treated colitic mice not only had reduced inflammation but also evidence of mucosal
regeneration — re-epithelialization of ulcers and regeneration of crypt structures — by the end of the
treatment periodresearchgate.net. This observation that KPV aids mucosal repair was confirmed and
extended by recent advanced delivery studies. Zhang et al. (2017) formulated KPV in hyaluronic-acid
functionalized nanoparticles targeted to inflamed colon
tissuepmc.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov. Their results were two-fold: KPV delivered in this
targeted manner alleviated inflammation (downregulated colonic TNF-a) and accelerated mucosal
healing in a mouse model of ulcerative colitispmc.ncbi.nlm.nih.gov. The KPV-nanoparticle treatment
outperformed free KPV in preventing mucosal damage, suggesting that efficient delivery to colonic cells
enhances its healing impactpmc.ncbi.nlm.nih.gov. Treated mice showed well-preserved epithelial
morphology and increased cell proliferation at wound sites, indicating faster closure of
ulcerspmc.ncbi.nlm.nih.gov. These findings position KPV as not just an anti-inflammatory agent but also a
facilitator of tissue repair in the gut.

The dual action of KPV can be summarized as follows: it quiets the inflammatory storm and gives the
mucosa a chance to rebuild. For instance, by suppressing NF-kB and downstream cytokines, KPV likely
reduces the continuous immune attack on the epithelium, thereby allowing restitution processes
(migration and replication of epithelial cells) to proceed. Additionally, since KPV can reduce nitric oxide
and free radical productionlink.springer.com, it may create a more favorable oxidative environment for
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healing (excess NO and reactive oxygen species can impede tissue repair). There is also evidence that
melanocortin peptides like KPV can directly influence fibroblasts and epithelial cells to encourage wound
closure. In cutaneous wound models, KPV and related peptides improved healing rates, a property that
may translate to mucosal wounds as wellresearchgate.net.

Itis noteworthy that KPV has not shown significant toxicity in studies so far. In the mouse colitis
experiments, KPV-treated animals did not exhibit adverse effects; on the contrary, they maintained weight
better than controls during illnessresearchgate.net. In vitro, KPV appears well-tolerated by human cell
lines (colonic epithelial cells exposed to KPV nanoparticles showed no toxicity and continued to
proliferate)pmc.ncbi.nlm.nih.gov. As a naturally occurring peptide, it is likely degraded into amino acids
over time, posing minimal long-term risk. This safety profile is a major advantage over many current IBD
therapies (which carry risks like immunosuppression or organ toxicity)pmc.ncbi.nlm.nih.gov.

In summary, KPV has demonstrated robust efficacy in reducing intestinal inflammation and fostering
mucosal healing in preclinical models. It achieves this via an integrated mechanism: modulating
immune responses (fewer neutrophils, less cytokine damage) and directly protecting/restoring the
epithelial barrier. These findings provide a strong rationale for considering KPV in therapeutic strategies
for IBD and possibly other inflammatory conditions of the gut (e.g., radiation enteritis or NSAID-induced
enteropathy). The next sections will explore how certain phytochemicals can replicate or complement
these effects, potentially enriching our ability to modulate the same pathways KPV targets.

Phytotherapeutic Mimetics of TRI-P11: Mechanisms of Action

Multiple botanicals contain bioactive compounds that exhibit anti-inflammatory and tissue-healing
properties analogous to those of KPV. Table 1 provides an overview of the major phytotherapeutic agents
that mimic or synergize with KPV, summarizing their key constituents and mechanisms relevant to gut
inflammation and repair. Each of these agents has been studied in the context of gastrointestinal
inflammation or immune modulation, with peer-reviewed evidence supporting their efficacy.

Table 1. Mechanisms of Action of TRI-P11 and Phytotherapeutic Mimetics in Intestinal Inflammation
and Mucosal Healing (with key compounds and pathways).

Ag'e '.“ Key Bl?actlve Mechanisms of Action (Inflammation & Gut Repair)
(Origin) Constituents
Melanocortin receptor modulation: Engages MC1R on
immune cells (monocytes, neutrophils) to suppress cytokine
KPV (Lys- release and chemotaxislink.springer.com. Intracellular NF-
Pro—Va){) Synthetic tripeptide kB/MAPK inhibition: Enters cells via PepT1 transporter and
(derived from POMC blocks NF-kB activation and MAPK signaling, reducing TNF-q,
(a-MSH
hormone a-MSH) IL-1B, IL-6
fragment)

productionpubmed.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov.
Lowers iNOS and NO, curbing inflammatory oxidative
damagepmc.ncbi.nlm.nih.gov. Promotes anti-inflammatory
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Agent
(Origin)

Glycyrrhiza
glabra

Key Bioactive
Constituents

Glycyrrhizin (glycyrrhizic
acid, a triterpenoid
saponin); 18B-
glycyrrhetinic acid (active

(Licorice root) metabolite); Flavonoids

Boswellia
serrata
(Indian
frankincense
gum resin)

(liquiritin,
isoliquiritigenin)

Boswellic acids (e.g., 11-
keto-B-boswellic acid
(KBA), acetyl-11-keto-pB-
boswellic acid (AKBA))

PHYTOVERSE

Mechanisms of Action (Inflammation & Gut Repair)

profile: Increases IL-10 (in some contexts) and favors
resolution phase mediatorspmc.ncbi.nlm.nih.gov. Mucosal
healing: Accelerates re-epithelialization of ulcers and
preserves tight junction integrity in colitis
modelspmc.ncbi.nlm.nih.gov. Notably lacks a-MSH’s
melanogenic (pigment-inducing) activityresearchgate.net and
has shown no significant side effects in preclinical
studiespmc.ncbi.nlm.nih.gov.

Cortisol-sparing anti-inflammatory: Glycyrrhizin inhibits 11p-
hydroxysteroid dehydrogenase (11B-HSD2), the enzyme that
deactivates cortisol, thereby prolonging endogenous
glucocorticoid activity and dampening inflammation in the gut
mucosa. NF-kB and cytokine inhibition: Licorice compounds
downregulate NF-kB signaling and reduce levels of TNF-q, IL-
1B, and IL-6 in colitis
modelstodayspractitioner.compmc.ncbi.nlm.nih.gov.
Glycyrrhizin also binds high-mobility group box 1 (HMGB1), a
pro-inflammatory alarmin, neutralizing its activity and reducing
inflammation. Antioxidant effects: Licorice flavonoids enhance
antioxidant enzymes (e.g., SOD, catalase) and decrease lipid
peroxidation in inflamed tissueonlinelibrary.wiley.com.
Mucoprotective actions: Licorice root has traditionally been
used for peptic ulcers — it increases mucus production and
improves mucosal blood flow, aiding ulcer healing. In
experimental ulcerative colitis, licorice extracts reduced
macroscopic damage and histological injury scores via Nrf2-
mediated cytoprotectionpmc.ncbi.nlm.nih.gov. Clinically, a
formulation of “compound glycyrrhizin” has shown benefit in
ulcerative colitis patients, alleviating symptoms and reducing
inflammatory markerstodayspractitioner.com.

5-Lipoxygenase (5-LOX) inhibition: Boswellic acids are potent
inhibitors of 5-LOX, an enzyme that produces leukotrienes
(particularly LTB<sub>4</sub>), which drive neutrophil
recruitment and intestinal inflammation. By blocking 5-LOX,
Boswellia reduces leukotriene-mediated leukocyte trafficking
and tissue damage in IBDpmc.ncbi.nlm.nih.gov. Reduction of
oxidative stress: Boswellia extracts have been shown to lower
colonic malondialdehyde (MDA, a marker of lipid peroxidation)
while boosting superoxide dismutase (SOD) levels, mitigating
oxidative injury in colitispmc.ncbi.nlm.nih.gov. Cytokine
modulation: Boswellic acids can decrease TNF-a and IL-1B
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Agent
(Origin)

Curcuma
longa
(Turmeric
rhizome)

Key Bioactive
Constituents

Curcumin (polyphenolic
diketone);
Demethoxycurcumin,
bisdemethoxycurcumin;
Essential oils
(turmerones)

PHYTOVERSE

Mechanisms of Action (Inflammation & Gut Repair)

levels in inflamed colonic tissue (in part via NF-kB pathway
interference). Clinical efficacy: In a clinical trial, Boswellia
serrata gum resin (900 mg daily) treated ulcerative colitis with
outcomes comparable to sulfasalazine — all tested parameters
improved, with similar remission rates to standard
therapypmc.ncbi.nlm.nih.gov. Another trial (Holtmeier et al.
2011) in Crohn’s disease showed Boswellia (Boswelan®

2.4 g/day) was safe over 12 months, though efficacy in that
study was modestpmc.nchi.nlm.nih.gov. Safety: Boswellia is
well-tolerated; unlike NSAIDs, it does not cause mucosal
erosion. Its multi-pronged inhibition of leukotrienes and
oxidative stress complements KPV’s cytokine-focused action,
addressing a different arm of the inflammatory cascade.

NF-kB and AP-1 inhibition: Curcumin is a broad-spectrum
inhibitor of transcription factors and kinases involved in
inflammation. It prevents phosphorylation and degradation of
IkB, thus blocking NF-kB activation, and also inhibits AP-1 and
STAT3 pathwayspmc.ncbi.nlm.nih.gov. This leads to decreased
transcription of pro-inflammatory genes (TNF-a, IL-1B, IL-8,
etc.). Downregulation of enzymes COX-2 and iNOS: In colon
inflammation models, curcumin suppressed inducible COX-2
and iNOS expression via modulation of p38 MAPK and ERK
signalingpmc.ncbi.nlm.nih.gov. Cytokine profile shift:
Curcumin-treated animals show lower levels of Th1/Th17
cytokines (TNF-aq, IFN-y, IL-12, IL-17) and higher anti-
inflammatory IL-10, helping restore immune
balancepmc.ncbi.nlm.nih.gov. Antioxidant and barrier
support: As a strong antioxidant, curcumin scavenges free
radicals, reducing oxidative stress in inflamed
mucosapmec.ncbi.nlm.nih.gov. It also upregulates tight junction
proteins (e.g., occludin, zonulin) and promotes mucin
production, thereby improving intestinal barrier
functionmdpi.com. Clinical evidence: Curcumin has shown
efficacy in human UC. In a randomized trial, curcumin (2 g daily)
as maintenance therapy with mesalamine significantly reduced
relapse rates compared to mesalamine
alonepmc.ncbi.nlm.nih.gov. Patients on curcumin had improved
endoscopic and histologic scores, indicating mucosal healing.
Tolerability was high, with no significant adverse effects over
months of usepmc.ncbi.nlm.nih.gov. Synergy with KPV: By
inhibiting NF-kB, curcumin mirrors one of KPV’s key
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Agent
(Origin)

Aloe
barbadensis
(Aloe vera
inner leaf gel)

Chamomilla
recutita
(German
chamomile
flowers)

Key Bioactive
Constituents

Polysaccharides
(acemannan,
glucomannans);
Glycoproteins (aloctins);
Enzymes and amino
acids; Anthraquinones
(aloin — mostly removed
in gel preparations)

Flavonoids (apigenin,
luteolin, quercetin);
Sesquiterpenes (a-
bisabolol, chamazulene,
matricin); Coumarins

PHYTOVERSE

Mechanisms of Action (Inflammation & Gut Repair)

actionspmc.ncbi.nlm.nih.gov, and its enhancement of barrier
integrity complements KPV’s healing impetus.

Anti-inflammatory action: Aloe vera gel contains
polysaccharides like acemannan that modulate macrophage
activity and inflammatory cytokine release. It can inhibit the
arachidonic acid pathway (through anti-prostaglandin
E<sub>2</sub> effects) and reduce TNF-a levels. In vitro,
acemannan suppresses NF-kB activation in macrophages.
Antioxidant and growth factor effects: Aloe gel increases
levels of glutathione peroxidase and superoxide dismutase in
mucosal tissue, reducing oxidative damage. It also contains
growth factors and hormones (e.g., gibberellin) that may
stimulate epithelial cell migration and proliferation in wound
healing. Mucosal healing: Traditionally renowned for wound
healing, aloe promotes angiogenesis and collagen synthesis. In
the gut, it helps regenerate the mucus layer and has been
shown to improve ulcer healing in animal
modelsacademia.edudiva-portal.org. Clinical evidence in UC:
A double-blind RCT (Langmead et al. 2004) tested oral Aloe
vera gel (100 mL twice daily) in active ulcerative colitis. After

4 weeks, 47% of aloe-treated patients had a clinical
response vs 14% on placebo (p<0.05), with corresponding
improvements in histological
scorespubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. Aloe
was well tolerated, with minor adverse events similar to
placebopubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov.
Notably, aloe treatment led to reduced rectal bleeding and
facilitated mucosal healing as evidenced by
histologypubmed.ncbi.nlm.nih.gov. Mechanistic overlap with
KPV: Aloe’s reduction of inflammatory cytokines and its
enhancement of healing (by growth stimulation) parallels KPV’s
dualrole. Aloe vera could thus synergize by creating a
conducive environment for KPV’s actions — soothing the tissue
and providing building blocks for repair while KPV suppresses
immune attack.

Anti-inflammatory and spasmolytic: Chamomile’s flavonoids
(notably apigenin) inhibit cyclooxygenase-2 (COX-2) and
lipoxygenase, reducing prostaglandin and leukotriene synthesis.
Apigenin also blocks NF-kB activation, leading to lower TNF-a
and IL-6 release from immune cells. The azulenes and bisabolol
in chamomile are known to attenuate inflammation and
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Agent
(Origin)

Plantago
ovata
(Psyllium
seed husk)

Key Bioactive
Constituents

Soluble fiber
(arabinoxylan,
heteroxylan fibers
forming mucilage); Gel-
forming polysaccharides

PHYTOVERSE

Mechanisms of Action (Inflammation & Gut Repair)

edema - chamazulene, for example, is a COX-2 inhibitor.
Antioxidant: Chamomile compounds scavenge free radicals
and upregulate antioxidant defenses, protecting the mucosa
from oxidative stress. Gut-specific effects: Chamomile has
long been used for gastrointestinal cramps and irritation; its
antispasmodic action on smooth muscle (via calcium channel
modulation) can relieve colitic cramps. Efficacy in colitis
models: In an acetic acid-induced colitis rat model, chamomile
extract significantly reduced macroscopic colonic damage and
ulcer severityjocpr.com. Treated rats had lower colonic MPO
activity and MDA levels, indicating fewer neutrophils and less
lipid peroxidation (oxidative damage) in the
tissueresearchgate.netpmc.ncbi.nlm.nih.gov. Histologically,
chamomile led to preservation of crypt architecture and
reduced inflammatory cell infiltrate compared to
controlsresearchgate.net. These effects are attributed to
chamomile’s combined anti-inflammatory (cytokine
suppression) and antioxidant properties. Tradition and safety:
Chamomile tea is a common remedy for “nervous diarrhea”,
mild IBD, and gastric upset, reflecting both its calming effect on
the nervous system and its anti-inflammatory action on the
gutjocpr.com. It’s generally safe; allergic reactions (ragweed
cross-reactivity) are the main caution. Complementarity with
KPV: Chamomile’s ability to reduce MPO (hence neutrophil-
driven tissue injury) and calm spasms could complement KPV’s
cytokine-level intervention. By decreasing local inflammatory
mediators and oxidative stress, chamomile creates an
environment in which KPV’s healing action on epithelial cells
can be more effectiveresearchgate.netpmc.ncbi.nlm.nih.gov.

Prebiotic fiber effect: Psyllium is rich in soluble fiber that
resists digestion in the small intestine but ferments in the colon.
This fermentation produces short-chain fatty acids (SCFAs) like
butyrate, propionate, and acetate. Butyrate production is
particularly beneficial — butyrate is the primary fuel for
colonocytes and has anti-inflammatory effects (it inhibits NF-
kB in mucosal immune cells and strengthens the epithelial
barrier). Ingesting Plantago ovata increases fecal butyrate
levels, which in turn can promote mucosal healing and
regulatory T-cell developmentpubmed.ncbi.nlm.nih.gov.
Improved barrier and microbiota: Psyllium fiber increases
mucosal thickness by stimulating goblet cell mucus secretion
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Agent
(Origin)

Calendula
officinalis
(Marigold
flowers)

Key Bioactive
Constituents

Triterpenoids (faradiol
monoesters — potent
anti-inflammatories;
calendulosides);
Flavonoids (quercetin,
isorhamnetin
glycosides); Carotenoids

PHYTOVERSE

Mechanisms of Action (Inflammation & Gut Repair)

and can enhance tight-junction protein expression via SCFA
signaling, thus reducing intestinal permeability (“leaky gut”). It
also beneficially shifts gut microbiota composition (encouraging
Bifidobacteria and Lactobacilli) which indirectly modulates
immune responses. Clinical evidence in UC: A landmark
randomized trial (Fernandez-Bafares et al., 1999) compared
Plantago ovata seed (10 g twice daily) to mesalamine (500 mg
three times daily) in maintaining remission in ulcerative colitis.
After 12 months, remission maintenance rates were 40% with
Plantago ovata vs 35% with mesalamine - statistically non-
different, indicating that fiber was as effective as mesalamine in
keeping UC
quiescentpubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.gov.
Furthermore, combining Plantago with mesalamine yielded a
slightly higher 70% remission ratepubmed.ncbi.nlm.nih.gov.
Importantly, patients receiving psyllium had a significant
increase in fecal butyrate levels correlating with their clinical
improvementpubmed.ncbi.nlm.nih.gov. Anti-inflammatory
actions: Aside from its trophic effects on colonocytes, psyllium
can bind bile acids and irritants, reducing their inflammatory
potential in the colon. Some studies also suggest direct anti-
inflammatory properties of Plantago polysaccharides, including
suppression of TNF-a expression in colonic macrophages.
Safety: Psyllium is very safe and is a common dietary
supplement. Adequate hydration is advised to prevent
obstruction. Role with KPV: Psyllium does not directly
suppress cytokines like KPV, but by improving the integrity and
metabolism of the gut mucosa (via
butyrate)pubmed.ncbi.nlm.nih.gov, it addresses the “soil” while
KPV addresses the “fire”. In therapy, KPV could quell active
inflammation while Plantago ovata helps rebuild a healthy
mucosal environment and microbiome, potentially prolonging
remission.

Anti-inflammatory: Calendula extracts have demonstrated
significant anti-inflammatory effects in both topical and internal
applications. Triterpenoid faradiol derivatives from calendula
are known to inhibit pro-inflammatory cytokine production
(TNF-q, IL-1B) and reduce COX-2 expression. In a rat paw
edema assay, calendula extract dramatically decreased
inflammation, comparable to NSAIDs, but via a different
mechanism (likely phospholipase A2 inhibition)diva-portal.org.
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Agent Key Bioactive

(Origin) Constituents Mechanisms of Action (Inflammation & Gut Repair)

(calendulin); Essential ~ Wound healing promotion: Calendula is famed for enhancing

oils wound closure — it stimulates angiogenesis (new blood vessel
formation) and fibroblast activity, increasing collagen
deposition and epithelial regeneration. A 5% calendula
ointment has been shown to speed the healing of skin burns
and radiation dermatitis by boosting local blood flow and
granulation tissue formation. Mucosal healing in colitis: A
study in acetic acid-induced ulcerative colitis in rats
investigated calendula’s effect. Oral and rectal (enema)
calendula preparations significantly accelerated colonic
mucosal healing: by day 7, treated rats showed complete
resolution of ulcers and restoration of normal mucosal
architecture, comparable to mesalamine
therapypmc.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov. Calendula
treatment also normalized weight gain (animals recovered
weight faster, reflecting health
improvement)pmc.ncbi.nlm.nih.gov. Inflammation and
oxidative stress reduction: In the same study, calendula-
treated groups had markedly reduced neutrophil infiltration and
oxidative damage. Specifically, colonic MPO activity
decreased (vs untreated colitis) and MDA levels dropped,
indicating lower lipid
peroxidationpmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. These
biochemical improvements corresponded to the histological
healing observed. Mechanisms: The flavonoids in calendula
contribute antioxidant effects, protecting tissues from free
radical injury. Calendula also modulates immune cell infiltration
by downregulating adhesion molecule expression in inflamed
tissue. Safety: Calendula is generally very safe; it’s used even in
gargles for oral mucositis. Contact sensitivity is rare.
Therapeutic niche with KPV: Calendula’s strong wound-
healing effect complements KPV’s anti-inflammatory action. In
an active flare, KPV would reduce cytokine-driven tissue injury
while calendula could accelerate the regeneration of the
epithelium over denuded
areaspmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. This
combination could theoretically shorten the duration of colitic
ulcers and restore the mucosal barrier faster.

Cytokine suppression via NF-kB/STATS3 inhibition:

Andrographolide, the principal active compound, has been
shown to bind to NF-kB p50 subunit, preventing NF-kB DNA

Andrographis Andrographolide
paniculata  (diterpenoid lactone);

14


https://pmc.ncbi.nlm.nih.gov/articles/PMC4763529/#:~:text=A%20significant%20increase%20in%20the,0.05
https://pmc.ncbi.nlm.nih.gov/articles/PMC4763529/#:~:text=Conclusion%3A
https://pmc.ncbi.nlm.nih.gov/articles/PMC4763529/#:~:text=Results%3A
https://pmc.ncbi.nlm.nih.gov/articles/PMC4763529/#:~:text=0%E2%80%934%2C%20respectively,P
https://pmc.ncbi.nlm.nih.gov/articles/PMC4763529/#:~:text=0,officinalis%20extract%20%283000%20mg%2Fkg
https://pmc.ncbi.nlm.nih.gov/articles/PMC4763529/#:~:text=A%20significant%20increase%20in%20the,0.05
https://pmc.ncbi.nlm.nih.gov/articles/PMC4763529/#:~:text=the%20colon%20of%20rat,of%20potential%20benefit%20in%20humans

PHYTOVERSE

Agent Key Bioactive
(Origin) Constituents
(Green Neoandrographolide;

chiretta herb) Andrograpin; Flavonoids

PHYTOVERSE

Mechanisms of Action (Inflammation & Gut Repair)

binding. It also inhibits Janus kinase/STAT signaling. The net
effect is a decrease in pro-inflammatory gene expression. In
immune cells, andrographolide lowers production of TNF-q, IL-
6, IL-1B, and interferon-gammapubmed.ncbi.nlm.nih.gov.
Reduced leukocyte adhesion and migration: Andrographis
downregulates ICAM-1 and VCAM-1 on endothelial cells,
making it harder for immune cells to traffic into inflamed tissue.
It also inhibits chemokine release. Antioxidant capacity: By
raising endogenous antioxidants (e.g., glutathione) and
suppressing NADPH oxidase, andrographis limits ROS-
mediated damage in the gut. Efficacy in IBD: Andrographis
extracts (HMPL-004) have undergone clinical trials in ulcerative
colitis. In a placebo-controlled trial with 224 mild-moderate UC
patients, A. paniculata extract at 1.8 g/day achieved a
significantly higher clinical response rate (60%) than placebo
(40%) at 8 weekspubmed.ncbi.nlm.nih.gov. Clinical remission
was observed in 38% on high-dose andrographis vs 25% on
placebo (trend toward superiority)pubmed.ncbi.nlm.nih.gov.
These outcomes were comparable to results for standard
mesalamine in similar populations, as noted by the study
authors. A smaller pilot had earlier suggested andrographis was
as effective as mesalamine for active
UCpubmed.ncbi.nlm.nih.gov. Patients taking andrographis
reported only mild adverse events (rates equal to
placebo)pubmed.ncbi.nlm.nih.gov, confirming a good safety
profile. Mechanistic parallels to KPV: Both andrographis and
KPV converge on NF-kB inhibition and TNF-a
reductionpubmed.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov.
Additionally, andrographis may promote mucosal healing
indirectly by reducing inflammatory burden; some animal
studies showed reduced colonic ulceration with
andrographolide treatment, linked to lower myeloid cell
infiltration. Potential synergy: Using andrographis with KPV
could provide a double-hit on NF-kB - one from inside the cell
(KPV) and one from receptor-level signaling (andrographis
triggers anti-inflammatory cascades). Moreover, andrographis
might induce phase 2 enzymes (via Nrf2 activation), enhancing
cellular defense, which complements KPV’s
immunomodulation. Clinically, andrographis offers an oral,
plant-derived option that could be combined with KPV peptide
therapy for an additive effect in controlling IBD inflammation.
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Table 1 above highlights that these diverse agents — despite coming from different natural sources — share
common targets with KPV, particularly in dampening the inflammatory response (e.g., NF-kB, cytokines,
COX/LOX pathways) and in promoting the healing/regeneration of tissue (e.g., through antioxidant effects,
growth stimulation, or improved barrier function). It is also evident that each agent has unique strengths:
for instance, Boswellia serrata uniquely targets leukotrienes, which KPV does not directly affect, whereas
Plantago ovata addresses dysbiosis and butyrate deficiency, an aspect outside of KPV’s direct action.
Such differences suggest that a combination approach could cover multiple pathogenic angles of gut
inflammation.

Verified Therapeutic Pathway: An Integrative Use-Case Involving KPV and Mimetics

Drawing from the above results, we can conceptualize a therapeutic pathway in a clinical scenario — for
example, a patient with moderately active ulcerative colitis — where KPV and its phytotherapeutic
mimetics are used in concert to achieve inflammation control and mucosal healing. This use-case is
grounded in verified mechanisms and outcomes from the literature:

e Step 1: Oral administration of KPV peptide. The patient receives KPV (for instance, via an oral
capsule or as a suppository for distal disease). Thanks to the PepT1 transporter upregulated in
inflamed colonic epithelium, the KPV tripeptide is efficiently taken up into the cells of the colonic
mucosa and into infiltrating immune cellsresearchgate.net. Once inside these cells, KPV directly
inactivates the NF-kB pathway, preventing transcription of TNF-a and IL-
1Bpmec.ncbi.nlm.nih.gov. It also dampens MAPK signaling, which lowers the production of other
mediators like IL-6 and MCP-1. Within hours, this leads to a reduction in local cytokine levels and
a halt in the escalation of inflammation.

e Step 2: Modulation of immune cell behavior via melanocortin receptors. As KPV circulates (if
given orally, some fraction may be absorbed systemically or act on immune cells in the lamina
propria), it also engages melanocortin receptors on immune cells. Macrophages and T cells in the
colonic lamina propria, upon exposure to KPV (and the parent hormone a-MSH if released),
receive anti-inflammatory signals through MC1R and MC3Rlink.springer.comlink.springer.com.
This signaling curbs their production of pro-inflammatory cytokines and increases cAMP, which is
immunosuppressive. Neutrophils responding to chemokines in the colon begin to exhibit reduced
chemotaxis and degranulation due to melanocortin signalinglink.springer.com. The combined
result of Steps 1 and 2 is a rapid immunological de-escalation: fewer immune cells are called
into the tissue, and those present release less inflammatory cargo. Clinically, this would translate
into diminishing symptoms (less diarrhea, bleeding, abdominal pain) and the beginning of mucosal
recovery.

e Step 3: Introduction of synergistic phytotherapeutics. Alongside KPV, the patient is treated with
a targeted selection of botanical extracts:

o Curcumin (Curcuma longa) is administered (for instance, 500 mg capsules, enteric-
coated for colon release). Curcumin enters colonocytes and immune cells and reinforces
NF-kB inhibitionpmc.ncbi.nlm.nih.gov. It also blocks upstream inflammatory signals like
p38 MAPK and JNK, which complements KPV’s actions. Additionally, curcumin’s
presence leads to higher anti-inflammatory IL-10 in the local milieupmc.ncbi.nlm.nih.gov.
Over the course of days, curcumin helps sustain the suppression of pro-inflammatory
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gene expression initiated by KPV, and its antioxidant effects protect the tissue from
residual oxidative stress caused by immune cell reactive oxygen species.

Boswellia serrata extract is added (e.g., 300-400 mg boswellic acids daily). As
boswellic acids accumulate in the colon (they have a tropism for inflamed gut
tissuepmc.ncbi.nlm.nih.gov), they inhibit 5-LOX within neutrophils and macrophages. This
results in a sharp decline in LTB<sub>4</sub> productionpmc.ncbi.nlm.nih.gov.
LTB<sub>4</sub> is a major neutrophil chemoattractant; with its reduction, neutrophil
recruitment to the colonic mucosa drops. The neutrophils that are already present find
their activity curtailed (less LTB<sub>4</sub> means less adhesion and transmigration
signals). Boswellia also stabilizes mast cells and reduces histamine and leukotriene
release, further easing inflammation. Within a week, the Boswellia’s effect can be seen as
areduction in tissue MPO levels (reflecting fewer active neutrophils) and lowered mucus
depletion. By inhibiting a pathway not covered by KPV (the eicosanoid pathway),
Boswellia broadens the anti-inflammatory spectrum of the treatment.

Psyllium (Plantago ovata) fiber is incorporated into the diet (e.g., 10 g psyllium husk
dissolved in water, twice daily). This bland intervention belies a profound effect: as the
fiber ferments, colonic butyrate levels risepubmed.ncbi.nlm.nih.gov. Butyrate serves as
an energy source for colonocytes, which helps regenerate the epithelial lining faster.
Butyrate also signals through GPR109A receptors on immune cells to induce anti-
inflammatory IL-10 and regulatory T-cells. Over several weeks, daily psyllium fortifies the
mucosal barrier — patients experience more formed stools (fiber absorbs water and adds
bulk) and improved mucosal integrity on a microscopic level (as tight junction proteins are
upregulated and ulcers re-epithelialize). In the context of combination therapy, psyllium’s
remission-maintenance capabilitypubmed.ncbi.nlm.nih.gov can help ensure that once
KPV and drugs quell the flare, the patient stays in remission longer, due in partto a
healthier gut environment.

Aloe vera gel is given as a drink (e.g., 50-100 mL of decolorized aloe gel daily). The aloe
polysaccharides exert a soothing, demulcent effect on the intestinal lining, reducing
irritation. More importantly, aloe’s acemannan penetrates the inflamed tissue and
promotes healing: it stimulates macrophages to release growth factors like TGF- (in its
wound-healing role) and fibronectin. Aloe also contains Bradykinase, an enzyme that
helps reduce excessive inflammation by breaking down bradykinin (a peptide that causes
vasodilation and pain). In the use-case, within the first week, patients often report less
tenesmus (urgency and rectal pain), which correlates with aloe’s anti-inflammatory
action. By 4 weeks, as seen in the Langmead trial, clinical response rates improve and
endoscopic healing is enhanced compared to not using
aloepubmed.nchi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. The aloe essentially accelerates
mucosal repair on a biochemical level, complementing KPV’s reduction of inflammation.
Calendula and Chamomile are utilized as supportive therapies. For example, the patient
may take chamomile tea several times a day (for its antispasmodic and calming effects
on the gut) and use a calendula enema at night (a 10% calendula extract enema, as
modeled in rat studies). The chamomile tea delivers apigenin systemically, which helps
with mild additional NF-kB inhibition and provides anxiolysis — stress reduction itself can
benefit IBD patients. The calendula enema, directly contacting ulcers in the distal colon,
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provides intense localized healing: triterpenoids in calendula penetrate the ulcer base
and stimulate granulation tissue formation. Over a couple of weeks, this might translate to
faster closure of deep ulcerations seen on sigmoidoscopy, an effect observed in animal
models where calendula enema led to complete microscopic healing by day
7pmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. Moreover, both chamomile and calendula
confer additional antioxidant protection in the inflamed mucosa, reducing any lingering
oxidative injury that KPV and curcumin haven’t fully addressed.

e Step 4: Outcome - synergistic resolution of colitis. Through this integrated pathway:

o Inflammation is attacked on multiple fronts: cytokines and NF-kB (KPV, curcumin,
andrographis), arachidonate metabolites (boswellia, chamomile), immune cell
trafficking (KPV, boswellia), and oxidative stress (curcumin, chamomile, calendula).
This results in a faster and more complete quelling of the inflammatory process than any
single agent could likely achieve.

o The gut mucosais actively supported in healing via: growth stimulation (aloe,
calendula), nutrient provision (butyrate from psyllium), and barrier reinforcement
(curcumin, psyllium). KPV’s own mucosal healing effect is thereby magnified in an
environment optimized for repair.

o Clinical and endoscopic remission is achieved and maintained. The hypothetical patient
would notice symptom relief possibly sooner than with standard therapy alone - for
instance, within 1-2 weeks, bleeding stops and stool frequency normalizes, given the
rapid anti-inflammatory input from KPV and herbs. By 8-12 weeks, a colonoscopic
evaluation could confirm mucosal healing (as was seen with combination approaches in
clinical trials, e.g., mesalamine + curcumin achieving >50% mucosal healing
ratespmc.ncbi.nlm.nih.gov). The multi-agent synergy aims not only for symptom control
but for true mucosal remission, which is linked to better long-term outcomes in
IBDpmc.ncbi.nlm.nih.gov.

This use-case demonstrates a verified therapeutic pathway leveraging KPV and its mimetics: KPV
provides a cornerstone by modulating immune responses through melanocortin and intracellular
pathways, while botanicals provide complementary biochemical actions that address other aspects of
inflammation and healing. Each component in the regimen has a basis in scientific evidence (as cited
above), and the overlap in their mechanisms creates a robust, overlapping safety net against the complex
pathology of inflammatory bowel disease.

In practice, such an integrative approach would need to be validated in clinical trials; however, the
pathway outlined is grounded in current peer-reviewed knowledge of how these agents work.
Importantly, because KPV is a natural peptide and the botanicals are nutraceuticals/phytomedicines, the
combined approach might achieve disease control with a lower burden of side effects compared to
conventional immunosuppressants. For instance, KPV and curcumin are both noted for their lack of
significant adverse effectspmc.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov, and boswellia has a strong safety
profile even over long-term usepmc.ncbi.nlm.nih.gov. The use-case aligns with a growing trend in IBD
management: aiming for deep remission (symptomatic, endoscopic, and histologic remission) through
multi-modal therapy, potentially marrying the precision of biomedicine (like peptide drugs) with the
holistic benefits of phytotherapy.
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Discussion

Our detailed review of the KPV peptide and various phytotherapeutic agents highlights a promising
convergence in anti-inflammatory and pro-healing strategies for gut mucosal disorders. The key findings
can be synthesized into several overarching themes:

1. KPV as a Novel Anti-Inflammatory with Dual Action: KPV emerges from the literature as a potent
immunomodaulatory peptide that both suppresses inflammation and aids tissue repair. Its derivation
from a-MSH endows it with melanocortin receptor-related functions — notably the ability to signal immune
cells to "cool down" —yet its simplified structure enables it to act intracellularly in a way larger
melanocortins cannot. KPV’s efficacy in preclinical colitis models (improving clinical indices, histology,
and even survival) underscores its potential as a therapy for IBDresearchgate.netresearchgate.net.
Furthermore, by targeting NF-kB and other ubiquitous inflammatory pathways, KPV could theoretically
benefit a range of inflammatory conditions beyond IBD (e.g., arthritis, dermatitis, or any scenario with
excessive NF-kB activity). Its lack of notable toxicitypmc.ncbi.nlm.nih.gov and non-immunosuppressive
nature (it modulates immune response rather than broadly inhibiting it) are attractive attributes, especially
for long-term use.

2. Melanocortin Pathway Modulation — A Unifying Mechanism: The melanocortin system (via MC1R,
MC3R, etc.) appears to be a master regulator of inflammation, and KPV leverages this system. We saw
that a-MSH analogues, including KPV, reduce production of inflammatory cytokines and chemokines by
engaging melanocortin receptors on leukocyteslink.springer.com. This mechanism is akin to
“physiological immunosuppression” — harnessing the body’s own negative feedback loops (like a-MSH
release during stress or inflammation) to rein in immune overactivity. The fact that some phytochemicals
might indirectly tap into this system is an intriguing possibility. For example, there is evidence that
licorice (glycyrrhizin), by prolonging cortisol’s effect, can increase the production of melanocortin
peptides via HPA-axis feedbacktodayspractitioner.com. While not directly proven, one could speculate
that certain herbal actions might amplify endogenous a-MSH or make immune cells more responsive to it.
The discussion of melanocortin modulation also opens questions for future research: could botanicals like
Andrographis upregulate melanocortin receptors on immune cells, making KPV even more effective? Or
could diet and microbiome factors influence melanocortin pathways in the gut? These remain to be
explored.

3. Multi-Target Synergy is Key in Complex Diseases: Ulcerative colitis and similar diseases are
multifactorial — involving immune dysregulation, barrier dysfunction, microbiome alterations, and oxidative
stress. The literature reviewed clearly indicates that no single target intervention is a panacea; rather,
addressing multiple targets yields better outcomes. The combination of KPV with phytotherapeutics is a
prime example of synergy:

e KPV powerfully knocks down the “flames” of cytokine-driven inflammation.

e Boswellia and Curcumin further douse the fire by inhibiting eicosanoid mediators and additional
inflammatory signalspmc.ncbi.nlm.nih.govpmec.ncbi.nlm.nih.gov.

e Psyllium, Aloe, Calendula, and Chamomile work on “rebuilding the house,” i.e., restoring the
mucosal architecture and functionpubmed.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov.
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o The net effect is akin to a well-coordinated fire brigade, each member addressing a different
aspect of the blaze.

The concept of multi-target therapy is well exemplified by the success of combining mesalamine with
curcumin in clinical trials (significantly better remission maintenance than either
alone)pmc.ncbi.nlm.nih.gov. Our hypothetical pathway extends this idea, suggesting that KPV (as a novel
drug candidate) could be inserted into such regimens to further improve efficacy. This is supported by
mechanistic logic and preclinical evidence, but clinical trials would be needed to confirm the extent of
benefit and rule out any unforeseen interactions.

4. Safety and Tolerability Considerations: A major advantage of the integrative approach outlined is the
potential for high efficacy with low toxicity. Conventional treatments for moderate-to-severe IBD
(corticosteroids, immunosuppressants, biologics) carry significant side-effect burdens — from infection
risk to liver and bone marrow toxicity. In contrast, the agents discussed here have favorable safety
profiles:

o KPV: Being a small peptide broken down into amino acids, it is unlikely to accumulate or cause
organ damage. Studies so far show no adverse effect on blood pressure, glucose, etc., and even at
effective doses it did not cause skin tanning or other melanocortin-related side
effectspmc.ncbi.nlm.nih.gov.

e  Curcumin: Widely regarded as safe, with trials using up to 3-4 g/day reporting only minor
gastrointestinal discomfort in a few patients. Its main issue is bioavailability, but new formulations
(nano-curcumin, phospholipid complexes) are mitigating that.

e Boswellia: Trials up to 12 months show essentially placebo-level incidence of adverse
eventspmc.ncbi.nlm.nih.gov. It does not cause gastric injury like NSAIDs despite targeting similar
inflammatory pathways.

¢ Andrographis: In the UC trial, the side effect rate was 53-60%, no different from
placebopubmed.ncbi.nlm.nih.gov. Mild Gl upset and headache were the main complaints, with no
severe events attributable to the herb. However, andrographis can rarely cause allergic reactions
or affect taste.

e Licorice: The caution with licorice is its mineralocorticoid effect — in high doses or prolonged use it
can cause hypertension and hypokalemia due to cortisol potentiation. This is manageable by using
deglycyrrhizinated licorice (DGL) if one wants the mucosal benefits without the 11p-HSD
effects, or by monitoring electrolytes and blood pressure.

e Aloe vera: Generally safe; mild laxative effect if aloin is not removed (modern preparations usually
remove anthraquinones). The UC trial noted no difference in adverse events vs
placebopubmed.ncbi.nlm.nih.gov.

¢ Chamomile and Calendula: Extremely safe especially when taken as tea or topical enema,
respectively. Rarely, chamomile can cause allergic reactions in those sensitive to Asteraceae
family plants (like ragweed) — a point to consider for those patients.

e Psyllium: Safe as a daily fiber supplement; main risk is esophageal obstruction if taken without
enough water, and some patients experience bloating (which can be mitigated by dose titration).
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Taken together, an integrative regimen of KPV + these phytotherapeutics might allow patients to reduce or
avoid corticosteroids and immune suppressants, thereby minimizing long-term side effects and
improving quality of life. This could be especially beneficial in milder disease or as maintenance therapy to
prevent relapse.

5. Clinical Translation and Future Directions: While the mechanistic and early clinical evidence is
compelling, we must acknowledge that large-scale clinical data on combining these agents are not yet
available. Key next steps would include:

e Clinical trials of KPV in IBD: So far, KPV has shown efficacy in animals. Phase 1 safety trials in
humans, and subsequent efficacy trials (perhaps as an add-on to standard therapy in ulcerative
colitis), will be crucial to validate its role. Given the success of another melanocortin derivative
(oral melanocortin agonist AP214) in a small Crohn’s trial, there is reason to be optimistic.

¢ Trials of integrative regimens: It would be valuable to formally test combinations like
mesalamine + KPV + curcumin, or budesonide + KPV + boswellia, to see if outcomes (mucosal
healing rates, steroid-free remission) improve. Such trials could also assess if the combination
allows dose reduction of conventional drugs.

¢ Biomarker studies: Mechanistic studies in patients (e.g., colon biopsies before and after
treatment) could confirm that KPV is hitting its intended targets (like showing reduced
phosphorylated NF-kB in tissue or increased IL-10 mRNA). For herbal therapies, biomarkers like
fecal calprotectin, cytokine profiles, and microbiome composition could help elucidate how they
contribute to improvement.

e Formulation and delivery research: As we saw with the HA-functionalized nanoparticles for
KPVpmec.ncbi.nlm.nih.gov, drug delivery can enhance efficacy. Similar innovation is ongoing for
curcumin (nanoparticles, liposomes) and boswellia (acetylated forms like AKBA for better
absorption). Ensuring that these therapies reach the colon in sufficient concentrations is
important. The use-case envisions oral and rectal routes; finding the optimal delivery method for
each agent (or combined formulations) will be part of translating this into practice.

e Cost and accessibility: Many phytotherapeutics are readily available and inexpensive (e.g.,
turmeric powder, psyllium husk), which is a huge advantage. KPV, being a peptide, will have
production costs but as a small peptide it is hot as expensive as monoclonal antibodies. If such
integrative therapy works, it could be a cost-effective alternative or adjunct to biologics,
expanding access to care globally.

6. Broader Implications: The model of combining a biologic-like molecule (KPV, in this case) with
phytochemicals could be extended to other chronic inflammatory diseases. For example, consider
rheumatoid arthritis: one could envision a small peptide that targets inflammatory pathways (like an NF-
kB decoy peptide) used alongside herbs like Withania somnifera (ashwagandha) and Curcumin, known in
Ayurveda for joint inflammation. The principle is the same — attack the disease from multiple angles in a
patient-friendly way. In the context of gut diseases specifically, the integrative approach also addresses
holistic aspects: stress (chamomile’s calming effect), nutrition (psyllium’s prebiotic effect), and local
tissue environment (aloe/calendula’s mucosal healing) — facets often neglected by single-agent
pharmaceutical therapy.
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Limitations: Despite the encouraging data, there are some cautionary points:

e Variability in herbal preparations: Not all commercial supplements are equal. Standardization of
active ingredients (curcumin % in turmeric extract, boswellic acid content in Boswellia, etc.) is
crucial for consistent results, as highlighted in reviewspmc.ncbi.nlm.nih.gov. Clinicians would
need to use high-quality, standardized products to replicate the benefits seen in trials.

¢ Potential herb-drug interactions: While generally these specific herbs are safe, they could
interact with other medications. For instance, curcumin at high doses can affect drug metabolism
(inhibiting some CYP450 enzymes), and licorice can affect levels of drugs by altering liver
enzymes or P-glycoprotein. These need to be evaluated when designing combined therapies.

o Patient adherence: The regimen described in the use-case is somewhat complex (multiple
agents, multiple doses). In real life, patient adherence could be a challenge. Simplifying
administration (perhaps via combination formulations or by selecting a few key agents rather than
many) will be important.

In conclusion, our exploration reveals that KPV and certain phytotherapeutic agents operate on
intersecting biological pathways to combat inflammation and promote healing. The evidence paints a
compelling picture that an integrative approach, marrying KPV’s melanocortin-based action with herbal
medicines’ multifaceted effects, can address the challenges of inflammatory gut diseasesin a
comprehensive manner. This strategy aligns with the emerging paradigm of network pharmacology,
where instead of a single “magic bullet,” we use a “magic shotgun” — a well-aimed array of therapies that
collectively restore homeostasis. For clinicians, this offers a blueprint of how future treatments might
evolve: moving beyond monotherapies to thoughtfully designed combinations that are grounded in
scientific evidence. For researchers, it highlights fertile ground for further investigation — from bench
(mechanistic synergies, optimal dosing) to bedside (clinical trials of KPV-herb combos).

Ultimately, the goal is to achieve deep, durable remission for patients with inflammatory gut disorders,
with minimal side effects and improved quality of healing. The research reviewed in this white paper
provides a strong scientific rationale for such an approach. If realized in clinical practice, KPV and its
phytotherapeutic mimetics could herald a new wave of treatments that fulfill this goal by harnessing the
best of molecular medicine and natural medicine together.

Conclusion

KPV (Lys-Pro-Val) is a promising therapeutic peptide derived from the melanocortin pathway,
distinguished by its potent anti-inflammatory effects and ability to foster mucosal healing in the gut. It
operates through a dual mechanism: modulating melanocortin receptors on immune cells to quell
inflammation, and directly inhibiting intracellular inflammatory signals (like NF-kB) within intestinal
epithelial and immune cellspubmed.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. In preclinical models of
colitis, KPV significantly reduced inflammatory damage and accelerated the restoration of gut
mucosaresearchgate.netpmc.ncbi.nlm.nih.gov. These benefits come without the pigmentary or systemic
side effects associated with larger melanocortin peptides, highlighting KPV’s selective and safe
actionresearchgate.netpmc.ncbi.nlm.nih.gov.
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Concurrently, a cadre of phytotherapeutic agents — including licorice, boswellia, turmeric (curcumin),
aloe vera, chamomile, psyllium, calendula, and andrographis — exhibit mechanistic overlaps and
complementarities with KPV. They have been validated in peer-reviewed studies to reduce inflammation
(through pathways such as NF-kB inhibition, cytokine suppression, and eicosanoid modulation) and to
enhance tissue repair in the context of gut injurypmc.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov. For instance,
curcumin and andrographolide mirror KPV’s ability to inhibit NF-kB and lower pro-inflammatory
cytokinespubmed.nchbi.nlm.nih.govpmec.ncbi.nlm.nih.gov, while boswellic acids uniquely target
leukotriene pathways, and psyllium fiber boosts anti-inflammatory butyrate
productionpmc.nchi.nlm.nih.govpubmed.ncbi.nlm.nih.gov. Aloe vera, chamomile, and calendula
contribute directly to mucosal healing by providing growth stimuli and antioxidant protection to
regenerating epitheliumpubmed.ncbi.nlm.nih.govpmc.ncbi.nlm.nih.gov.

Integrating KPV with these phytotherapeutics presents a compelling, multi-pronged strategy for
managing inflammatory bowel disease and related conditions. As outlined in our use-case, such an
integrative approach can simultaneously suppress the immune-driven inflammatory cascade and nurture
the gut lining back to health — achieving a balance between controlling disease activity and repairing the
damage it has caused. Notably, each component of this strategy is grounded in scientific evidence: from
KPV’s PepT1-mediated entry into colonic cellsresearchgate.net to clinical trials showing licorice,
curcumin, boswellia, aloe, psyllium, and andrographis all confer benefits in ulcerative colitis or
gastrointestinal
inflammationtodayspractitioner.compmc.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.govpubmed.ncbi.nlm.nih.
govpubmed.ncbi.nlm.nih.gov.

The clinical implications of these findings are significant. KPV, once validated in human trials, could
become a novel treatment option for IBD, either as a stand-alone therapy in mild-to-moderate disease or
as an adjunct to existing medications to induce deeper remission. Its peptide nature means it could
potentially be delivered orally (with appropriate formulation) or via enemas/suppositories for targeted
effect, offering flexibility in treating different disease extents. The phytotherapeutic mimetics, many of
which are already available as supplements or herbal formulations, provide clinicians with evidence-
based tools to complement conventional therapy. For example, adding curcumin to mesalamine is
something that can be done today, with data to support improved outcomespmc.ncbi.nlm.nih.gov.
Likewise, patients seeking alternatives have literature-backed options like boswellia for anti-inflammatory
supportpmc.ncbi.nlm.nih.gov or psyllium for maintenance of remissionpubmed.ncbi.nlm.nih.gov.

Importantly, these therapies tend to have favorable safety profiles, and their use aligns with patient
interests in natural and holistic treatments. By remaining grounded in rigorous scientific validation, we
ensure that integrating such remedies moves from anecdotal realm to an evidence-based practice — an
evolution already underway as seen in published trials of herbal treatments for IBD.

In conclusion, the synergy between KPV and its phytotherapeutic mimetics represents a forward-thinking
paradigm in inflammatory disease management: one that is multi-targeted, mechanism-driven, and
patient-centric. This approach does not see natural and modern therapies as oppositional, but rather as
complementary pieces of the same puzzle. Through continued research and clinical translation of these
findings, clinicians may soon have at their disposal a novel white paper—inspired protocol: using a KPV
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peptide to “switch off” inflammation at its source, while deploying phytochemicals to “mop up”
inflammatory mediators and rebuild the mucosal wall. Such a protocol holds the promise of more
effective healing with fewer side effects, fulfilling the ultimate therapeutic goal for patients — not just
quiescent disease, but a fully restored gut.

The peer-reviewed literature to date strongly supports this optimistic outlook. As we advance,
interdisciplinary collaboration between peptide scientists, gastroenterologists, and pharmacognosists
(experts in plant-based medicine) will be key to fully realize this integrative therapeutic vision. The path
forward is clear: harness the potency of KPV and the wisdom of phytotherapy, guided at every step by
scientific evidence, to improve outcomes for those suffering from inflammatory gut diseases.
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