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Abstract
G protein-coupled receptors (GPCR) are a superfamily of receptors that are vital in a wide array of
physiological processes. Modulation of GPCR signaling has been an intensive area of therapeutic
study, mainly due to the diverse pathophysiological significance of GPCRs. Pepducins are cell-
penetrating lipidated peptides designed to target the intracellular loops of the GPCR of interest.
Pepducins can function as agonists or antagonists of their cognate receptor, making them highly
useful compounds for the study of GPCR signaling. Pepducins have been used to control platelet-
dependent hemostasis and thrombosis, tumor growth, invasion, and angiogenesis, as well as to
improve sepsis outcomes in mice. Pepducins have been successfully designed against a wide
variety of GPCRs including the protease-activated receptors (PAR1, 2, 4), the chemokine
receptors (CXCR1, 2, 4), the sphingosine-1-phosphate receptor (S1P3), the adrenergic receptor
(ADRA1B), and have the potential to help reveal the functions of intractable GPCRs.
Pharmacokinetic, pharmacodynamic, and biodistribution studies have showed that pepducins are
widely distributed throughout the body except the brain and possess appropriate drug-like
properties for use in vivo. Here, we discuss the delivery, pharmacology, and biodistribution of
pepducins, as well as the effects of pepducins in models of inflammation, cardiovascular disease,
cancer, and angiogenesis.
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1. Introduction
G protein-coupled receptors (GPCR) are a superfamily of receptors that are vital in a wide
array of physiological processes. GPCRs share a unique seven transmembrane structure that
transmits extracellular signals across the plasma membrane and activate intracellular signal
transduction pathways through G proteins (1). Modulation of GPCR signaling has been an
intensive area of therapeutic study, mainly due to the diverse pathophysiological
significance of GPCRs (2, 3). Essentially, all small-molecule drugs directed at GPCRs
interact with the ligand binding site on the extracellular surface of the receptor. By
comparison, pepducins exploit the importance of the G protein and modulate the interactions
of the receptor with the G protein on the intracellular surface (4). Pepducins are cell-
penetrating lipidated peptides designed to target the intracellular loops of the GPCR of
interest (4). Pepducins can function as agonists or antagonists of their cognate receptor,
making them highly useful compounds for the study of GPCR signaling.

Pepducins have been used to target GPCR signaling pathways in many disease models,
including inflammation, thrombosis, and cancer. We and others have shown that pepducins
can be used to control platelet-dependent hemostasis and thrombosis (5–7), tumor growth,
invasion, and angiogenesis (8–10), as well as to improve sepsis outcomes in mice (11, 12).
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Pepducins have been successfully designed against a wide variety of GPCRs including
protease-activated receptors (PAR1, 2, 4), chemokine receptors (CXCR1, 2, 4), the
sphingosine-1-phosphate receptor (S1P3) (13), the adrenergic receptor (ADRA1B) (14), and
have the potential to help reveal the functions of intractable GPCRs. Here, we discuss the
delivery, pharmacology, and biodistribution of pepducins, as well as the effects of pepducins
in models of inflammation, cardiovascular disease, cancer, and angiogenesis.

2. Pepducin Delivery, Pharmacology, and Biodistribution
The seven transmembrane domains of GPCRs are joined by intracellular loops (i1–i3) and
extracellular loops (e2–e4), and are flanked by an N-terminal e1 extracellular domain and an
i4 C-terminal intracellular domain. Pepducins are created by attaching a lipidated group,
such as an acyl chain (e.g., C12–C18) or steroid to a peptide corresponding to the i1–i4 loops
of the GPCR of interest (2, 4, 11, 13–17). Mechanistic studies suggest that the hydrophobic
lipid group partitions into the plasma membrane and “flips” across the bilayer, thus shuttling
the attached peptide to the inner leaflet of the plasma membrane in a reversible manner (Fig.
1) (2, 4, 18, 19). Mutagenesis analysis of the receptor and pepducin indicate that the peptide
can interact with the intracellular domains of the GPCR of interest (4).

The delivery of PAR1- and PAR4-based pepducins to circulating platelets confirmed that
pepducins can partition to the plasma membrane of the target cells of animals (2, 18).
Fluorescein-tagged palmitoylated or nonpalmitoylated peptides were injected intravenously
in mice (2). Flow cytometry of circulating platelets, after using pronase to remove
peripherally bound peptides from the platelet surface, revealed significantly higher levels of
fluorescence in the mice treated with the palmitoylated peptide as compared to those treated
with the nonpalmitoylated peptide. Confirmation that the palmitoylated peptides can flip
across the lipid bilayer was provided by Wielders and colleagues, who used a FRET-based
assay with differentially labeled phospholipids that were distributed either to the outer
leaflet (NBD-phosphocholine as donor) or inner leaflet (NBD-phospho-L-serine as donor) of
the plasma membrane (18). They demonstrated that rhodamine-labeled PAR1 pepducins
(Rho-P1pal-12 as an acceptor) are present in both inner and outer leaflets of the bilayer.
Together, these data support the proposed mechanism in Fig. 1 that palmitoylation is
sufficient for delivery of the peptide across the plasma membrane of the cell.

Many studies have been conducted to determine the specificity of various pepducins to their
cognate receptors (2, 11–13, 20, 21). Early work with the PAR1 i3 loop antagonist P1pal-12
indicated that the pepducin was highly specific for PAR1. Treatment of human platelets with
5 μM P1pal-12 for 1 min resulted in a 75–95% decrease in SFLLRN (PAR1 agonist)-
induced aggregation and complete blockade of aggregation in response to 3 nM thrombin
(2). The specificity of P1pal-12 was demonstrated by the lack of an effect in the aggregation
of platelets induced by a series of agonists for the thromboxane, ADP, collagen, or GPIb/IX/
V receptors. Furthermore, P1pal-12 had no effect in endothelial cells on the responses to
IL8, SDF-1α, S1P, thromboxane, MCP-1, RANTES, or the migration of recombinantly
transfected HEK293 cells to ligands for PAR2, PAR4, CXCR1, CXCR2, S1P1, S1P3, or
CCR5 receptors (12). A PAR4 i3 loop-based pepducin, P4pal-10, completely blocked
AYPGKF (PAR4 agonist)-induced aggregation and had the ability to partially block PAR1
activation at higher concentrations but did not affect ADP, thromboxane, and GPIb/IX/V
receptors (2). Hollenberg and colleagues verified that P4pal-10, but not the reverse-sequence
pepducin rev-P4pal-10, inhibited human platelet aggregation to PAR4 agonists (20). Slofstra
et al. demonstrated that P4pal-10 had no effect on migration of human neutrophils to IP-10,
SDF-1α, and S1P but completely blocked migration to thrombin (21).
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The pharmacokinetics (PK), pharmacodynamics (PD), and bioavailability of pepducins were
determined using fluorescent (2) and radioactively labeled pepducins. To perform PK and
PD studies, the PAR4 pepducin P4pal-10 was labeled with Alexa Fluor (P4pal-10-
Alexafluor) and injected into mice intravenously (19). Bolus intravenous injection of
P4pal-10-Alexafluor resulted in high plasma and platelet pepducin levels for 5 h followed by
elimination with a half-life of 3.5 h (19). We had previously showed that P4pal-10 inhibits
murine platelet function by antagonizing PAR4, a major hemostasis receptor in rodents (2).
Therefore, PD studies were carried out by measuring the effect of P4pal-10 on bleeding time
in mice (19). Intravenous injection of P4pal-10 increased bleeding time threefold to fivefold
after 5 min which was maintained for 1 h after injection. P4pal-10 extended bleeding time
approximately twofold at the 4 h point and returned to baseline at the 24 h time point.
Subcutaneous injection of 3 mg/kg P4pal-10 resulted in a sixfold prolongation of bleeding
time 4 h after injection and gave a more prolonged PD half-life of approximately 14 h.

To begin to study the biodistribution of pepducins, P4pal-10C (pal-CGRRYGHALR) was
radioactively labeled with (14C)-acetamide on a cysteine residue ([14C]-P4pal-10C) and
injected subcutaneously or intravenously into mice at four different doses. After 4 h, the
localization of radioactive pepducin was measured in various organs and tissues (Fig. 2).
Intravenous injection of [14C]-P4pal-10C with a therapeutic dose of 1.4 mg/kg P4pal-10
resulted in the appearance of radioactivity in the liver, kidney, lungs, and spleen, and lesser
amounts to other tissues (Fig. 2a). Intravenous injection with a high dose of 14 mg/kg
P4pal-10 resulted in appearance of radioactivity in highly perfused tissues such as the
kidney, lungs, liver, and spleen with lesser radioactivity appearing in the heart, blood,
muscle, and fat, but not the brain. Subcutaneous injection of [14C]-P4pal-10C with a
therapeutic dose of 1 mg/kg P4pal-10 resulted in appearance of radioactivity in the liver,
kidney, lungs, and blood. Subcutaneous injection at a higher dose of 10 mg/kg gave a fairly
even distribution of radioactivity to the kidney, liver, spleen, blood, heart, and lungs, with
lesser amounts to muscle and fat, but not to brain. This pattern is consistent with a
biodistribution of [14C]-P4pal-10C to highly vascularized tissues. More detailed
examination of blood components revealed that 50% of the [14C]-P4pal-10C radioactivity
partitioned to red blood cells, 40% to plasma, and the remaining 10% was detected in white
blood cells and platelets 4 h after intravenous or subcutaneous injection (Fig. 3a). By 1 h,
radioactivity was detected in urine, with a fivefold increase in urine at 4 h (Fig. 3b).
Radioactivity appeared in mouse blood in a linearly increasing manner following
subcutaneous injection (Fig. 3c). Together, these findings suggest that the P4pal-10
pepducin is widely distributed throughout the body and blood components, is biologically
active, and is excreted into the urine.

3. Efficacy of Pepducins in Disease Models
3.1. Inflammation

GPCRs have been implicated in many inflammatory diseases, including sepsis and systemic
inflammatory response syndrome, rheumatoid arthritis, ulcerative colitis, atherosclerosis,
and psoriasis. Leukocytes and other cells, such as endothelial cells, fibroblasts, epithelium,
and glial cells, contribute to the inflammatory response by the secretion of proinflammatory
mediators. This often results in an overzealous immune response that does more harm than
good and is responsible for much of the morbidity and mortality associated with
inflammatory conditions. Pepducins targeted against PAR1, PAR2, PAR4, CXCR1,
CXCR2, and CXCR4 have been used to study the role of these receptors in specific
inflammatory diseases (Table 1) and could potentially be used as therapeutics for these
conditions (11, 20–26).
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Sepsis and systemic inflammatory response syndrome (SIRS) are a leading cause of
mortality in intensive care units (27). Sepsis can lead to systemic inflammation and
overactivation of the coagulation system – a condition termed disseminated intravascular
coagulation (DIC) (28). Pepducins have been used to study the role of neutrophil, platelet,
and endothelial cell PAR1, PAR2, PAR4, CXCR1, CXCR2, CXCR4 in sepsis and systemic
inflammation (11, 12, 21). Chemokine receptor pepducins for CXCR1 and CXCR2 were
found to improve survival and prevent DIC in septic mice (11). Antagonist pepducins were
designed against the i1 and i3 loops of CXCR1 and CXCR2 (x1/2pal-i3, x1/2LCA-i1), and
CXCR4 (x4pal-i1, x4pal-i2). Treatment with the CXCR1/2 pepducins blocked neutrophil
chemotaxis toward IL-8, improved survival, and reversed DIC and liver failure in septic
mice. However, treatment with a CXCR4 pepducin had no effect on survival but caused
massive leukocytosis consistent with the role of CXCR4 in SDF-1α neutrophil homeostasis.
Slofstra and colleagues used the PAR4 antagonist pepducin, P4pal-10, to study the role of
PAR4 in sepsis and discovered that PAR4 inhibition of neutrophils protected against
systemic inflammation and DIC (21).

PAR1 i3 loop agonist and i3 loop antagonist pepducins were used to study the role of PAR1
at different stages of sepsis in mice (12). Treatment with the PAR1 antagonist pepducin,
P1pal-12S, at early time points but not late time points, improved survival and prevented
DIC in septic mice. Interestingly, treatment with the PAR1 agonist pepducin, P1pal-13, at
late time points improved survival and prevented DIC in septic mice by inhibiting leakage of
endothelial cell tight junctions. These findings suggested that PAR1 switches from being a
vascular-disruptive receptor to a vascular-protective receptor during sepsis. Further studies
demonstrated that transactivation of PAR2 by PAR1 within a PAR1–PAR2 heterodimer
mediated the protective effects of the PAR1 agonist pepducin seen in later stages of sepsis
which was lost in either the PAR1−/− or PAR2−/− mice. PAR1 antagonist pepducins did not
prevent the transactivation of PAR2 by the PAR1 tethered ligand, suggesting that the
pepducins did not cause dissociation of the PAR1–PAR2 heterodimer complex. Thus,
pepducins revealed a novel transactivation of PAR2 by the PAR1 tethered ligand, which
complemented the genetic approaches (12).

PAR4 pepducins have been used to study ulcerative colitis, irritable bowel syndrome, and
rheumatoid arthritis (24–26). Dabek and colleagues (25) used the PAR4 antagonist
pepducin, P4pal-10, to study the role of PAR4 and its activator cathepsin G in colonic
epithelial barrier function and neutrophil activity in ulcerative colitis. Treatment of mice
with fecal supernatants from ulcerative colitis patients increased epithelial cell permeability,
which was blocked by P4pal-10. Furthermore, P4pal-10 was used to study joint pain and
inflammation in a model of rheumatoid arthritis (26). McDougall et al. (26) treated mice
with P4pal-10 and found that the pepducin could block the proinflammatory and
pronociceptive effects of a PAR4 agonist in the mouse knee joint and alleviate acute joint
inflammation. Together, these animal studies demonstrate that pepducins designed for a
specific GPCR target can be successfully used to study a wide variety of inflammatory
diseases.

3.2. Cardiovascular Disease
Major cardiovascular diseases include atherosclerosis, coronary artery disease, thrombosis,
restenosis, hypertension, and heart failure. Cardiovascular disease is the major cause of
death in the developed world, and significant resources have been invested in finding new
therapies to treat these diseases. The technology of pepducins has helped elucidate the role
of various GPCRs in the pathophysiology of arteriothrombosis, myocardial ischemia, and
blood vessel inflammation (Table 2).
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The first in vivo studies using pepducins explored the contribution of thrombin receptor
signaling to hemostasis, thrombosis, and systemic platelet activation. In accordance with the
tail-bleeding phenotype observed in PAR4 knockout mice (29), mice infused with P4pal-10
exhibited prolonged tail-bleeding times and unstable thrombi formation as compared to
P1pal-12 or vehicle-treated mice (2). Infusion of mice with P4pal-10 also protected against
systemic thrombus formation induced by the PAR4-agonist peptide AYPGKF plus
epinephrine (2). Wielders and colleagues (18) showed that P4pal-10 delayed the generation
of thrombin. Fluorescent platelets were monitored by real-time accumulation at the site of
wire injury to the carotid artery of mice. P4pal-10-inhibited platelets had a significant delay
in accumulation at the site of vascular injury (18).

To study the distinct functions of PAR1 versus PAR4 in human platelets, a PAR4 pepducin
based on the i1 loop, P4pal-i1, was developed (6). P4pal-i1 proved to be selective for PAR4
without affecting PAR1-induced platelet aggregation. Using P4pal-i1 in a carotid injury
model in guinea pigs, which express PAR1 and PAR4 on their platelets, it was shown that
blocking PAR4 decreases arterial occlusion by approximately 50%. Inhibition of PAR1 with
P1pal-7 (0.3 mg/kg i.v.) in the same injury model (7) also gave approximately 50%
prolongation of the occlusion time. When PAR1 and PAR4 inhibitors were combined, it
resulted in a great increase in the arterial occlusion time in the guinea pig model (7). Also,
when P4pal-i1 was combined with bivalirudin, a direct thrombin inhibitor widely used in
patients with acute coronary syndromes, there was a significant inhibition of human platelet
aggregation and suppression of arterial thrombosis in guinea pigs to a much higher degree
than bivalirudin alone (6). The P4pal-i1 pepducin was also used by Grenegard et al. (30) to
study the activation of human platelets. In thrombin-preactivated platelets, P4pal-i1
inhibited the epinephrine-induced increase of calcium concentration [Ca2+] and aggregation.
The above observations support the role of both PAR1 and PAR4 in platelet-driven arterial
thrombosis (6, 31).

Pepducins have been used to help elucidate the mechanisms of platelet procoagulant
activity. Keuren and colleagues used the pepducins P1pal-12 and P4pal-10 to study the
synergistic action of thrombin and collagen in generating procoagulant platelet surfaces (5).
P1pal-12 significantly decreased the thrombin plus collagen-induced calcium signal and
decreased the prothrombinase activity to levels induced by collagen alone. These data
suggest that PAR1 activation is a prerequisite for both sustained elevations in [Ca2+] and
that procoagulant activity is induced by a combination of collagen and thrombin through
PAR1 (5). A slightly modified version of P1pal-12, P1pal-12S (12), has been recently used
as a PAR1 antagonist in leukocyte inflammatory studies in mice (32). Monocytes derived
from hypercoagulable mice (TMPro/Pro) treated with P1pal-12S showed increased
transendothelial migration towards human complement factor 5a, suggesting a role of PAR1
in monocyte inflammatory responses.

The pepducins P1pal-12 and P1pal-7 were also used to study collagen-dependent
aggregation in human platelets (7). These PAR1 pepducins led to inhibition of collagen-
induced platelet aggregation, blocked p38 MAPK activation, and significantly reduced the
propagation of platelet–platelet thrombi in human whole blood, under arterial flow
conditions. Intravenous administration of P1pal-7 in guinea pigs protected from collagen-
induced thrombocytopenia and prolonged the mean occlusion time in a carotid artery FeCl3
injury model.

PAR1-based pepducins have been valuable in studying other cell types involved in
cardiovascular diseases. Kubo et al. (33) investigated the activity of PAR1 pepducins
P1pal-19 and P1pal-12 in vascular tissue preparations and compared their activity to that of
soluble activating peptides. They found that the P1pal-19 agonist can promote Ca2+ signals,
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prostaglandin E2 release, and persistent relaxation of rat aortic rings in a concentration-
dependent manner. When using P1pal-12 in precontracted rat aortic rings, there was
decreased relaxation induced by TFLLRN or P1pal-19, in agreement with the contractile
role of PAR1 in cells of the blood vessel wall.

The role of PAR4 in ischemic injury of the heart was the focus of Strande and colleagues
(34). P4pal-10 was administered as an intravenous bolus of 10 μg/kg to rats, and it
significantly reduced the myocardium infarct size by approximately 20% in an ischemia/
reperfusion (I/R) injury model. According to this study, by blocking PAR4 with P4pal-10,
they further revealed the protective effects of adenosine signaling in the myocardium.

Other GPCRs that play key roles in the cardiovascular system have also been targeted with
pepducins. A high-throughput functional assay developed by Edwards et al. (14) identified a
number of palmitoylated cell-permeable oligopeptides that acted either as agonists or
antagonists of GPCRs involved in platelet function including prostaglandin, LPA, and
adrenergic receptors.

3.3. Cancer and Angiogenesis
GPCRs such as PAR1 and PAR2 play critical roles in cancer progression, invasion, and
metastasis (35). In this section, we discuss the utility of pepducins targeted against the
intracellular loops of PAR1, PAR2, Smoothened (SMO), S1P3, and CXCR4 in cancer and
angiogenesis.

In addition to its well-recognized roles in platelet and vascular biology, PAR1 has been
proposed to be involved in the invasive and metastatic processes of breast cancer (36, 37),
pancreatic cancer (38), and melanoma (39–41) and has been identified as an oncogene in the
transformation of NIH3T3 mouse fibroblasts (42, 43). PAR1 can stimulate Gαi, Gαq, and
Gα12/13 pathways, which contribute to various processes involved in the regulation of tumor
cell biology.

We have extensively tested the efficacy of the i3 loop-derived PAR1 pepducin, P1pal-7, as a
monotherapy and in combination with taxotere in breast (9, 44) and ovarian (45) xenograft
mouse models (Table 3). The effective pepducin therapeutic dose range in several xenograft
cancer efficacy models is 3–10 mg/kg. To examine the in vivo efficacy of pepducins in
tumor growth, the mammary fat pads of mice were injected with two different PAR1
expressing cell lines: PAR1-MCF7/N55 or MDA-MB-231 cells. Inhibition of PAR1 with
P1pal-7 significantly reduced tumor growth of both PAR1-MCF7/N55 and MDA-MB-231
breast tumors by 62% (p < 0.01) as monotherapy (9), and 95% (p < 0.01) as dual therapy
(44), respectively. In another set of studies, P1pal-7 gave a highly significant 88% reduction
in metastasis to lung with tail vein injected breast cancer GFP/MDA-MB-231 cells (p <
0.001) as monotherapy (44) and significant reduction of ovarian OVCAR4 peritoneal
dissemination (p < 0.005) as dual therapy with docetaxel (45). There were no obvious
toxicities associated with multiday dosing of P1pal-7 up to 70 days in mice. These data
provide an in vivo validation that targeting PAR1 may be a novel therapeutic approach in
the treatment of breast and ovarian carcinomas.

Pepducins have also been successfully used to study angiogenesis and proangiogenic
activities in endothelial cell migration and proliferation. P1pal-7 almost completely blocked
angiogenesis of peritoneal ovarian (45) and breast cancers (9). Moreover, P1pal-7
significantly inhibited ascites production in peritoneal ovarian cancer (45) due to blockade
of PAR1-dependent endothelial barrier function (12). P1pal-7 monotherapy gave complete
inhibition of ascites formation with SKOV3 peritoneal carcinomatosis and 60% (p < 0.005)
reduction with OVCAR4 ovarian cells. Licht et al. developed a pepducin to the i2 loop of
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S1P3 called KRX-725 (13), using a myristoyl–glycine attached to the N-terminus of the
peptide. KRX-725 was found to have agonist activity for S1P3 and mimicked the effects of
sphingosine 1-phosphate, the ligand for S1P3, in endothelial cells. KRX-725 induced
angiogenesis in vitro and in vivo in the mouse corneal pocket assay.

In other studies, pepducins were used to delineate the contribution of PAR1 to the Akt
survival pathways in breast cancers. P1pal-7 inhibited the viability of PAR1-expressing
breast cancer cells through Akt (44). Phosphorylation of Akt was significantly inhibited in
established tumors treated with P1pal-7 for 5 days and gave significant attenuation of the
survival pathway. The P1pal-7 protective effect was rescued by constitutively active Akt,
suggesting that P1pal-7 and PAR1 act upstream of Akt.

Majumdar et al. (8) used the PAR1 pepducin P1pal-12 (4) to demonstrate that plasmin
induced migration of α9 integrin-expressing CHO cells through PAR1. The PAR4 pepducin
served as a negative control and had no effect on plasmin-induced migration of α9–CHO
cells. A recent publication by Kaufmann and colleagues (46) investigated the role of PAR2
in the proliferation, spread, and invasion of hepatocellular carcinoma (HCC). The PAR2
pepducin antagonist P2-pal-21, which has an IC50 of 1 μM for PAR2 (2), completely
blocked the PAR2-dependent invasion of HCCs.

Hedghog signaling is regulated by the seven-transmembrane receptor, Smoothened (SMO).
The aberrant regulation of the Hedghog-SMO pathway has been implicated in tumor
progression (47, 48). Remsberg and colleagues (10) synthesized N-palmitoylated peptides
spanning the intracellular loops of SMO (i1, i2, and i3). A series of N-terminal and C-
terminal truncations of the loops were generated and tested for inhibition of growth of breast
MCF-7 cells and melanoma SK-Mel2 cells. The most potent peptide was derived from the i2
loop SMO-i2-12 (Pal-LTYAWHTSFK) with an IC50 of 0.06 μM. Substitution of the
palmitoyl lipid with a myristoyl resulted in a loss of potency. Synthesis of metabolically
stable retroinverse derivatives using all D-amino acids were found to improve the potency
over the parent compound.

4. Conclusion
GPCRs play diverse roles in many physiological processes, yet relatively few have been
successfully targeted. Pepducins can function as antagonists or agonists of their cognate
receptor and prove to be useful compounds for the study of GPCRs that are difficult to target
with small-molecule approaches. Pepducins provide a useful complement to genetic
approaches and may help uncover novel functions of GPCRs, such as the transactivation of
PAR2 by PAR1 within a PAR1–PAR2 heterodimer. Pepducins have been extensively tested
in animal models of systemic inflammation, sepsis, thrombosis, atherosclerosis, cancer, and
angiogenesis. Pharmacodynamic, pharmacokinetic, and biodistribution studies in mice have
demonstrated that pepducins are widely distributed throughout the body and suggest that
pepducins possess appropriate drug-like properties for use in vivo. Toxicity studies have
also been performed and have found pepducins to be well tolerated in animals. Together,
pepducins are a promising new class of compounds for the study of GPCRs and may
ultimately be developed as therapeutics in a variety of diseases.
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Fig. 1.
Proposed mechanism of modulation of GPCR signaling by its cognate pepducin. Cell-
penetrating pepducins with a covalently attached palmitate are shown inserting and flipping
across to the intracellular surface of the plasma membrane where they interact with the
GPCR and G protein to either turn off or turn on signaling.
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Fig. 2.
Pepducin biodistribution. Mice were injected intravenously (1.4 mg/kg or 14 mg/kg) or
subcutaneously (1 mg/kg or 10 mg/kg) with P4pal-10 radioactively labeled pepducin, [14C]-
P4pal-10C. After 4 h the distribution of [14C]-P4pal-10C was measured in various organs
and tissues by radioactive count in counts per million (cpm). Data are represented as (a)
cpm/g tissue or (b) as a percent of the total cpm.
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Fig. 3.
Pharmacokinetics of pepducins in mouse blood and urine. (a) Mice were injected with 1.4
mg/kg intravenously or 10 mg/kg subcutaneously with [14C]-P4pal-10. After 4 h,
radioactivity was measured in red blood cells (RBC), plasma, and white blood cells (WBC)/
platelets and represented as a percent of the total counts per million (cpm) in whole blood.
(b) Mice were injected with [14C]-P4pal-10C. After 1 and 4 h radioactivity was measured in
the urine. (c) Mice were injected subcutaneously with 10 mg/kg or 1 mg/kg 14C-P4pal-10C.
Radioactivity was measured in the blood over time.
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