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Purpose: Management of decompensated cirrhosis may include the use of vasoconstrictors that can lead to serious adverse events. 
OCE-205 was designed as a highly selective V1a receptor partial agonist, intended to have a wider therapeutic window than full 
vasopressin agonists.
Methods: We aimed to characterize the activity of OCE-205 treatment in two rat models of portal hypertension (PHT). For both 
models, OCE-205 was administered as a subcutaneous bolus injection. Thirty male Wistar rats were fed a methionine/choline-deficient 
(MCD) diet to model PHT. Animals received OCE-205 (10, 25, 100, or 500 µg/kg) or intra-arterial terlipressin (100 µg/kg). In a more 
severe model of PHT, 11 male Sprague Dawley rats had the common bile duct surgically ligated (BDL) and received OCE-205. Portal 
pressure (PP) and mean arterial pressure (MAP) were measured.
Results: For PP in the MCD model, MAP increased while PP decreased in rats treated with OCE-205 or terlipressin; the peak changes 
to MAP were 14.7 and 33.5 mmHg, respectively. Changes in MAP began to plateau after 10 min in the OCE-205 groups, whereas in 
the terlipressin group, MAP rapidly increased and peaked after 20 min. Across all treatment groups in the BDL model, a dose-related 
decrease from baseline in PP was observed following OCE-205, plateauing as the dose increased. In all treatment groups, PP change 
remained negative throughout the 30-min testing period. In both PHT rat models, a reduction in PP was coupled to an increase in MAP, 
with both plateauing in dose–response curves.
Conclusion: Data support OCE-205 as a promising candidate for further development.
Institutional Protocol Number: Procedures were approved by the Ferring Research Institute (FRI) Institutional Animal Care and 
Use Committee on July 13, 2011, under protocol FRI-07-0002.
Keywords: mean arterial pressure, ascites, HRS-AKI, vasoconstriction, portal hypertension

Introduction
Decompensated cirrhosis and its serious hemodynamic complications are a critical area unmet need for patients. 
Systemic hemodynamic complications are typical of portal hypertension (PHT) and cirrhosis.1–4 PHT produces altera
tions in cardiovascular function and tone, with splanchnic arterial vasodilation, reduced systemic vascular resistance, and 
lower effective arterial blood volume along with arterial pressure reductions.5 Effective hypovolemia, low perfusion 
pressure, and reduced glomerular filtration rate can lead to vasoconstriction within the kidney with subsequent sodium 
and water retention, resulting in hepatorenal syndrome–acute kidney injury (HRS-AKI).5,6

HRS-AKI treatment relies on increasing blood volume with albumin supplementation and discontinuing diuretics 
with the hope of increasing renal perfusion to restore renal function. Often, short-duration therapy with systemic 
vasoconstrictors is needed to increase mean arterial pressure (MAP; 10–15 mmHg, which correlates with reversal of 
HRS-AKI7,8) to counteract renal dysfunction. Ultimately, the therapeutic goal is liver transplantation.9 Vasopressin 
agonists are among the best-characterized vasoconstrictors for the management of HRS-AKI. Arginine vasopressin 
(AVP), a key hormonal regulator of osmotic balance, is typically synthesized in the hypothalamus and released by the 
posterior pituitary gland.10 The V2 receptor, expressed in the distal tubules and collecting ducts of the kidney, principally 
regulates vasopressin and, once activated, causes water retention.10–12 Vasopressin activates the V1a receptor at elevated 
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physiologic and pharmacologic concentrations; it then results in systemic vasoconstriction due to V1a expression on 
smooth muscle cells in the vasculature walls,10 including those in the splanchnic circulation.6 Vasopressin also activates 
the V1b receptor, expressed in the anterior pituitary; once activated, this stimulates corticotropin secretion, further 
increasing water retention.13

Current vasopressin agonists have a narrow therapeutic window. Underdosing does not achieve the desired clinical 
effect, and overdosing can produce excess vasoconstriction and potentially lead to life-threatening ischemic adverse 
events (AEs).10,12,14,15 All clinically utilized vasopressin agonists target the V2 agonists as well as the V1a receptor.16 

The agonist activity at the V2 receptor contributes to the known AE profile, involving fluid overload and respiratory 
complications.12 The combination of fluid retention and risk of excess vasoconstriction currently limits the utilization of 
existing vasopressin agonists to relatively late in the development of HRS-AKI and other cirrhotic complications where 
the risk/benefit can be justified.

Historically, HRS-AKI treatment has utilized midodrine plus octreotide, norepinephrine,17,18 and, most recently, 
terlipressin. Norepinephrine and midodrine, as α-adrenergic agonists, can have limited therapeutic efficacy.19 

Furthermore, norepinephrine administration requires a central venous line, typically given in an intensive care unit.9 

Terlipressin was approved by the US Food and Drug Administration (FDA) in September 2022 to treat adults with HRS 
with rapid reduction in kidney function.20,21 Terlipressin (triglycyl-LVP) is a prodrug of lysine vasopressin (LVP, the 
porcine version of AVP) and shows activity at the V1a, V1b, and V2 receptors.22–25 Its systemic hemodynamic response 
has been associated with a decrease in portal pressure (PP) as well as lessening the hyperdynamic circulation without 
additional contraction of the arterial and central blood volume.26,27 The active metabolite of triglycyl-LVP is LVP, a full 
V1a agonist that is significantly more potent at the V2 receptor.22

Terlipressin is recommended for treatment of HRS-AKI,2,9 but can cause clinically significant AEs (eg, tissue 
hypoperfusion, ischemia) from its vasoconstrictive effects, likely due to LVP’s full agonism at the V1a receptor,14,28,29 

as well as respiratory failure and fluid overload through V1a and V2 receptor activation, possibly related to sodium and 
water retention.23,30–33 An improved approach to targeting the V1a receptors with partial agonism (avoiding maximal 
stimulation), and no V2 receptor agonism, would lower the risks associated with vasopressin agonists14,28–30 and could 
offer therapeutic utility in conditions where a modest and capped increase in blood pressure is desirable.

To improve the safety profile of vasoconstriction through the vasopressin system in patients with HRS-AKI, 
a molecule with V1a receptor selectivity and minimal V1a receptor agonism is needed. A single molecule was proposed 
in 1996 that, by possessing both agonist and antagonist properties, would perform as a partial agonist.34

OCE-205 is a novel peptide drug designed to target the vasopressin receptor system as a mixed agonist/antagonist for 
the V1a receptor. Unlike terlipressin,22–25 OCE-205 is not a prodrug and does not require a liver first pass or other 
modifications in vivo to produce the desired pharmacological effects. The activity at human V1a receptors plateaus at 
~50% maximum possible effect, with no activity at human V2 receptors at clinically relevant concentrations.35 OCE-205 
has similar functional properties at rat and human vasopressin receptors; by examining the use of OCE-205 to reduce 
PHT and increase MAP in two rat models, we hope to pave the way for improvements in clinical safety and efficacy in 
human patients with HRS-AKI.

Materials and Methods
Animal Use
Housing conditions and animal care facilities were maintained in accordance with the Guide for the Care and Use of 
Laboratory Animals published by the National Research Council. Procedures were approved by the Ferring Research 
Institute (FRI) Institutional Animal Care and Use Committee (IACUC) on July 13, 2011, under protocol FRI-07-0002.

Rat Models
Methionine/Choline-Deficient Model
The MCD model of PHT does not typically induce significant fibrosis nor development of cirrhosis, but leads to portal 
pressure (PP) elevation after 4 weeks of MCD.36–39 The MCD model of diet-induced PHT is clearly described 
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elsewhere40 and is a considered a reliable model to induce PHT without being as severe and progressive as other 
interventions such as CCl4, or bile duct/portal vein ligation. The mechanism of inducing PHT is primarily from inducing 
a NAFLD/NASH-like phenotype with accumulation of intracellular lipid in hepatocytes. Presumably the increase in 
inflammation and congestion created by lipid accumulation increases hepatic resistance and therefore PP. Histological 
examination of the study animals were not performed as the livers were obviously steatotic upon macroscopic inspection.

Thirty adult male Wistar rats (Harlan, Indianapolis) were studied over multiple testing days and weighed 200–250 g at 
the start of the study. Animals were housed two per cage in a controlled environment with free access to an MCD diet 
(Harlan Teklad) and water. After ≥8 weeks on the MCD diet, the adult male Wistar rats underwent surgical placement of 
catheters in the portal vein and/or femoral artery. Animals were allowed to recover for ≥5 days. A saline vehicle was 
administered 5 to 15 min prior to experimental compounds to control for nonspecific responses. OCE-205 was bolus 
administered subcutaneously at doses of 500, 100, and 25 µg/kg to determine the degree of systemic vasoconstriction 
achieved for a given degree of reduction in portal pressure and whether these occurred at similar, identical, or disparate 
drug concentrations.

To avoid the need for a second surgery, terlipressin (100 µg/kg) was administered intra-arterially. Triglycyl-LVP 
(terlipressin) has been previously well characterized in both rats and dogs, at doses up to 50 µg/kg in combination with 
octreotide.41,42 Systolic blood pressure (SBP), diastolic blood pressure (DBP), and PP were measured by the fluidic 
transducers. Measurements were recorded continuously from time 0 (compound administration time) to 90 min following 
administration, unless technical difficulties (eg loss of catheter patency) resulted in cessation of the experiment prior to 
90 min. To reduce the numbers of animals needed for analysis and as approved by the IACUC, 30 animals had repeat 
dosing with a minimum of 1 day of recovery between each administration. Altogether, 86 measurements with 1–8 repeat 
administrations per animal were used for this study.

Bile Duct Surgically Ligated Model
The BDL rat model typically causes larger increases in PHT than the MCD model, and significant renal 
dysfunction.36,43,44 Male Sprague Dawley rats had the common BDL to block the enterohepatic recirculation of bile 
acids. Eleven adult male Sprague Dawley rats (Harlan, Indianapolis) weighing 200–350 g were studied over multiple 
testing days. Animals were housed in a controlled environment with free access to food and water for ≥4 days after 
surgery and before experimentation.

A laparotomy was performed, and the portal vein exposed, following the procedure described by Gervaz et al.45 The 
bifurcation of the portal vein and the confluence of the gastric vein were identified. Proximal clamping for ≤5 min was 
performed to minimize blood loss and was well tolerated. Puncture of the anterior wall of the portal vein was performed 
with a 30-gauge needle just proximal to its bifurcation. The tip of the catheter was cut at 45°, and its sharp edge was 
introduced tangentially into the portal vein. Care was taken to avoid inserting the tip of the catheter too far into the vein 
lumen. The catheter was exteriorized through the abdominal wall, tunneled subcutaneously, and exteriorized in the 
intrascapular region. The catheter was locked with 50% glycerol/heparin. A jacket was positioned to hold the exterior 
portion of the catheter in place. Animals were allowed to recover for ≥5 days before receiving OCE-205.

To avoid the need for a second surgery, catheter placement and BDL were performed at the same time. The adult male 
Sprague Dawley rats had surgically placed portal vein catheters and BDL for an average of 25 days (range, 11–42 days). 
Vehicle (saline) was administered 5 to 15 min prior to experimental compound administration to control for nonspecific 
responses. No arterial measurements were taken due to bleeding issues in this more severe model of disease. OCE-205, 
administered as a subcutaneous bolus, was tested over a broader dose range (500, 100, 25, and 10 µg/kg) than in the 
MCD model, to establish a clearer dose–response relationship of changes in PP based on studies in healthy animals and 
evaluating changes in skin blood flow.

The PP was measured via the fluidic transducers and typically recorded continuously from time 0 (compound 
administration time) to 30 min following administration by NOTOCORD-hem™ data acquisition software, unless 
technical difficulties (eg, loss of catheter patency) resulted in cessation of experiment prior to 30 min. To reduce the 
number of animals needed for analysis and as approved by the IACUC, 11 animals had repeat dosing with a minimum of 
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16 h of recovery between each administration. A total of 38 measurements with 1–11 repeat administrations per animal 
were used for this study.

Test and Reference Compounds
OCE-205–TFA salt was the test compound in both studies. Terlipressin (triglycyl-LVP) was the reference compound in 
the MCD study.

Compound Formulation and Administration
OCE-205 was administered in a dose volume of 1 mL/kg subcutaneously by injection (OCE-205) into the animal’s lower 
back. Terlipressin (triglycyl-LVP) was administered intra-arterially via the femoral catheter used to measure pressure. 
The OCE-205 doses were 500, 100, 25, and 10 µg/kg. The terlipressin (triglycyl-LVP) dose was 100 µg/kg.

Subcutaneous Bolus Administration of Compounds
Overview
A minimum of four animals was used for testing each group to allow for the possibility of technical, and/or pharma
cologic events. Most studied used each animal more than once. Animals were randomized to different testing stations 
(anesthesia stations and NOTOCORD™ software channels for automatic data acquisition). The investigators running the 
in-life portion of the studies were aware of the dosing solutions being administered.

On the day of experimental measurements for each study, animals were anesthetized, and catheters were flushed to 
maintain or restore patency. Catheters were then connected to fluidic pressure transducers linked to data acquisition 
stations. Prior to administration of compound, a stable baseline was obtained for the pressure readings, saline was 
administered, and an additional 5–15 min of pressure readings were taken to solidify the baseline readings and provide 
a per-animal vehicle control. Animals were excluded from the study if the study cannular was not patent or if stable 
baseline values could not be obtained.

Data Analysis
Data recorded by NOTOCORD-hem™ were transferred to Microsoft Excel for analysis. Data were evaluated as change 
(Δ) from baseline. MAP and PP were reported as the average pressure value (mmHg) recorded over 10s beginning at the 
first systole (PP and SBP) or diastole (DBP) following the time point of interest at nominal times of 0 (compound 
administration), 1, 2, 3, 5, 7, 10, 15, 20, and 30 min after administration in both studies, along with 60 and 90 min after 
administration in the MCD study. Data collected over multiple test days were compiled. Mean, SEM, and N were 
reported for PP, MAP, ΔPP, and ΔMAP for each compound dose and time point.

MAP was calculated from SBP and DBP:

Change from baseline (delta Δ) for PP and MAP at each time point in each animal were calculated as follows:

Statistical Analysis
The observed PP and MAP data were statistically analyzed using JMP software. Data from each animal at times 0 to 90 
min (MCD study) and 0 to 30 min (BDL study) in the four treatment groups were compared using MANOVA with 
repeated measures. Each time course measurement was considered independent; animals were allowed to recover before 
any repeat administration. No corrections or extrapolations were performed if data were not collected for every time 
point.

https://doi.org/10.2147/JEP.S416673                                                                                                                                                                                                                                    

DovePress                                                                                                                                         

Journal of Experimental Pharmacology 2023:15 282

Bukofzer et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


The MANOVA outcome for treatment between subjects was not considered significant if p ≥ 0.05 (Prob>F); in the 
MCD study, subsequent contrasts were performed to compare treatment groups. Data from time 0 were statistically 
determined using one-way ANOVA to compare starting values in each treatment group. In cases when this ANOVA was 
significant (p < 0.05), Tukey–Kramer HSD post hoc analysis was used to compare treatment groups.

Results
OCE-205 Modulates Disease Physiology in an MCD Model of PHT
Mean Arterial Pressure
OCE-205 and terlipressin, when given to MCD-fed rats, resulted in increased MAP. For the 25 μg/kg (n = 13), 100 μg/kg 
(n = 23), and 500 μg/kg (n = 17) OCE-205 treatment groups, the highest observed absolute MAP values (mean ± SEM) 
were 79.2 ± 1.4, 86.8 ± 2.5, and 90.4 ± 3.7 mmHg, respectively (Table 1). There were greater increases in MAP resulting 
from the intra-arterial administration of terlipressin (100 μg/kg; n = 13) compared with the OCE-205 treatment groups, 
with the highest observed MAP of 116.6 ± 4.1 mmHg.

Observed MAP using MANOVA with repeated measures of the OCE-205 treatment groups showed a significant 
difference between the 25 and 100 μg/kg OCE-205 treatment groups (p = 0.03). There was no significant difference 
between the 100 and 500 μg/kg OCE-205 treatment groups (p = 0.63). MAP was significantly different between intra- 
arterial administration of terlipressin and subcutaneous administration of OCE-205 at 500 μg/kg (p < 0.01).

The maximum ΔMAP values (mean ± SEM) for OCE-205 were 5.3 ± 1.1, 11.3 ± 1.8, and 14.7 ± 2.6 mmHg in the 25, 
100, and 500 μg/kg treatment groups, respectively (Figure 1). Following intra-arterial administration of terlipressin, the 
maximum ΔMAP (33.5 ± 2.6 mmHg) was greater than in any of the OCE-205 treatment groups.

Of note, the observed MAP baseline values (time 0) were statistically different for the terlipressin group versus each 
of the OCE-205 treatment groups. The values were determined by one-way ANOVA with Tukey–Kramer HSD post hoc 
analysis (p = 0.02 vs 25 μg/kg, p = 0.03 vs 100 µg/kg, p = 0.46 vs 500 μg/kg OCE-205).

Table 1 Change in MAP from Baseline After OCE-205 or Terlipressin Treatment in the MCD Model

Time (Min) OCE-205 Terlipressin

MAP (mmHg)

25 μg/kg, SC 100 μg/kg, SC 500 μg/kg, SC 100 μg/kg, IA

Mean SEM N Mean SEM N Mean SEM N Mean SEM N

0 73.9 1.7 13 75.5 1.6 23 75.6 1.9 17 83.0 2.3 13

1 75.0 1.7 13 77.9 1.7 22 77.9 2.1 17 89.1 2.8 13

2 75.8 1.7 13 79.4 1.8 22 80.1 2.1 17 93.8 3.1 13

3 76.5 1.6 13 80.3 1.7 22 82.0 2.1 17 101.1 3.9 13

5 77.4 1.6 13 83.0 1.8 22 84.7 2.3 17 109.3 4.5 13

7 77.5 1.6 12 84.6 2.1 21 87.7 2.8 17 113.1 4.5 13

10 78.7 1.5 13 85.8 2.1 22 90.4 3.7 17 115.0 4.3 13

15 79.2 1.4 13 86.5 2.3 23 89.3 3.8 17 116.0 4.2 13

20 79.1 1.2 13 86.8 2.5 23 90.0 3.8 16 116.6 4.1 13

30 78.3 1.3 13 86.3 2.5 20 87.0 3.3 17 114.7 3.9 13

60 76.9 1.2 13 86.8 3.6 17 84.8 2.5 17 96.3 3.2 13

90 76.8 1.3 12 85.2 3.2 17 86.1 2.4 16 88.3 2.6 13

Abbreviations: IA, intra-arterial; MAP, mean arterial pressure; SC, subcutaneous; SEM, standard error of the mean.
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Portal Pressure
There was a decrease in PP following treatment with OCE-205 or terlipressin. The observed PP values were not 
significantly different between any of the four treatment groups, as determined by MANOVA with repeated measures 
(Table 2). The maximum ΔPP (mean ± SEM) were −2.3 ± 0.2, −2.5 ± 0.3, and −3.9 ± 0.8 mmHg in the OCE-205 25, 
100, and 500 μg/kg treatment groups, respectively (Figure 2). The change following intra-arterial administration of 
terlipressin was −2.8 ± 0.8 mmHg.

40

30

20

10

0
0 20 40

Time (min)

D
M

A
P

 (
m

m
H

g)

60 80 100

OCE-205: 25 µg/kg, SC

OCE-205: 100 µg/kg, SC

OCE-205: 500 µg/kg, SC

Terlipressin: 100 µg/kg, IA

Figure 1 Change from baseline in mean arterial pressure following OCE-205 or terlipressin administration in a rat model of portal hypertension (methionine/choline- 
deficient diet). 
Abbreviations: IA, intra-arterial; SC, subcutaneous.

Table 2 Change in PP from Baseline After OCE-205 or Terlipressin Treatment in the MCD Model

Time (Min) OCE-205 Terlipressin

PP (mmHg)

25 μg/kg, SC 100 μg/kg, SC 500 μg/kg, SC 100 μg/kg, IA

Mean SEM N Mean SEM N Mean SEM N Mean SEM N

0 10.7 0.9 19 10.9 0.8 24 12.6 1.5 13 10.7 1.6 6

1 10.4 0.8 19 10.3 0.7 24 11.4 1.4 13 9.2 1.3 6

2 9.9 0.8 19 9.7 0.6 24 10.7 1.3 13 8.6 1.2 6

3 9.5 0.7 19 9.2 0.6 24 10.1 1.2 13 8.4 1.2 6

5 8.9 0.7 19 8.7 0.6 24 9.7 1.1 13 8.3 1.2 6

7 8.8 0.7 19 8.4 0.5 23 9.3 1.2 13 8.2 1.2 6

10 8.7 0.7 19 8.4 0.6 24 9.7 1.1 13 8.3 1.1 6

(Continued)
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The observed PP values at baseline (time 0) were not statistically different between the treatment groups, as 
determined by one-way ANOVA.

Tolerability
No treatment-related deaths were observed after OCE-205 or terlipressin administration.

OCE-205 Modulates Pathophysiology in a BDL Rat Model of More Severe Disease
In the rats whose PHT was induced by BDL, OCE-205 treatment resulted in a decrease in PP from baseline. The 
observed PP values were not significantly different between any of the four treatment groups based on MANOVA with 

Table 2 (Continued). 

Time (Min) OCE-205 Terlipressin

PP (mmHg)

25 μg/kg, SC 100 μg/kg, SC 500 μg/kg, SC 100 μg/kg, IA

Mean SEM N Mean SEM N Mean SEM N Mean SEM N

15 8.5 0.7 19 8.3 0.6 23 9.8 0.9 12 8.2 1.1 6

20 8.4 0.7 19 8.3 0.6 23 9.5 0.8 12 8.2 1.1 6

30 8.3 0.7 18 8.1 0.6 20 9.4 0.8 12 8.2 1.0 6

60 8.6 0.8 16 8.0 0.5 17 9.1 0.6 11 8.0 0.9 6

90 8.9 0.9 14 8.1 0.6 16 9.6 0.8 8 10.3 1.9 5

Abbreviations: IA, intra-arterial; PP, portal pressure; SC, subcutaneous; SEM, standard error of the mean.

Figure 2 Change from baseline in portal pressure following OCE-205 or terlipressin administration in a rat model of portal hypertension (methionine/choline-deficient 
diet). 
Abbreviations: IA, intra-arterial; SC, subcutaneous.
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repeated measures (Table 3). Across all treatment groups, dose-related decreases from baseline in portal pressure (ΔPP) 
occurred following OCE-205 administration, with a plateau as the dose increased further (Figure 3).

In the OCE-205 10 μg/kg (n = 9), 25 μg/kg (n = 7), 100 μg/kg (n = 14), and 500 μg/kg (n = 8) treatment groups, the 
maximum ΔPP (mean ± SEM) were −1.8 ± 0.2 mmHg at 7 min, −3.3 ± 0.2 mmHg at 10 min, −4.4 ± 0.2 mmHg at 3 min, 

Table 3 Change in PP from Baseline After OCE-205 Treatment in the BDL Model

Time (Min) OCE-205 Terlipressin

PP (mmHg)

10 μg/kg, SC 25 μg/kg, SC 100 μg/kg, SC 500 μg/kg, SC

Mean SEM N Mean SEM N Mean SEM N Mean SEM N

0 16.9 0.7 9 17.5 0.7 7 18.9 0.8 14 20.1 0.7 8

1 16.7 0.7 9 16.9 0.9 7 16.8 0.7 14 16.6 1.0 8

2 16.3 0.7 9 15.8 0.8 7 14.7 0.7 14 15.7 0.8 8

3 15.8 0.7 9 14.7 0.6 7 14.5 0.7 14 15.5 0.7 8

5 15.2 0.6 9 14.4 0.6 7 14.8 0.8 14 15.3 0.7 8

7 15.1 0.6 9 14.3 0.6 7 14.9 0.8 14 15.2 0.7 8

10 15.2 0.6 9 14.2 0.6 7 14.9 0.8 14 15.3 0.8 8

15 15.3 0.6 9 14.2 0.6 7 15.3 0.9 13 16.4 0.8 8

20 15.4 0.6 9 14.4 0.7 7 15.4 0.9 13 16.3 0.7 8

30 15.7 0.6 9 14.6 0.7 7 15.4 0.8 13 16.4 0.8 7

Abbreviations: IA, intra-arterial; PP, portal pressure; SC, subcutaneous; SEM, standard error of the mean.

Figure 3 Change from baseline in portal pressure following subcutaneous (SC) OCE-205 administration in a rat model of bile duct ligation and portal hypertension.
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and −4.9 ± 0.6 mmHg at 7 min, respectively. The decrease in PP remained present throughout the testing period (at 
30 min) in all treatment groups: −1.2 ± 0.2, −2.9 ± 0.5, −3.4 ± 0.2, and −3.6 ± 0.7 mmHg, respectively.

When comparing results for ΔPP, the observed PP values at baseline (time 0) were statistically different between the 
10 μg/kg (16.9 ± 0.7 mmHg) and 500 μg/kg (20.1 ± 0.7 mmHg) OCE-205 treatment groups. This was determined by one- 
way ANOVA with Tukey–Kramer HSD post hoc analysis (p = 0.045).

Tolerability
No treatment-related deaths were observed after OCE-205 administration.

Discussion
In two rat models of portal hypertension, OCE-205 achieved the therapeutic goal of decreasing PP without causing 
excessive vasoconstriction over a broad dose range. The study clearly shows that modest but significant decreases in PP 
can be obtained with OCE-205.

Studies in human blood vessels have demonstrated in vitro V1a selective activity and behavior akin to a partial 
agonist.35 Generating data on portal blood flow is much more challenging to accomplish in rodent models. Only two 
phenomena reduce PP: either splanchnic vasoconstriction restricts flow, or a change in hepatic resistance allows the same 
flow at decreased pressure. Vasopressin agonists exert their biological activity by increasing splanchnic resistance and 
reducing splanchnic blood flow. Here, we explored the potential therapeutic benefit of OCE-205 by demonstrating that it 
reduces PP in animals with PHT, and its safety by confirming a plateau effect where no further reductions in PP occur 
and there are no further increases in MAP compared with other known vasopressin analogs.

In the MCD model, which does not induce significant fibrosis nor development of cirrhosis but does lead to PP 
elevation,36,38,39,46 MAP increased within the desired treatment window, and plateaued over time and with increasing 
dose. This systemic increase was coupled with a significant reduction in PP. In contrast, administration of the full V1a 
receptor agonist terlipressin (triglycyl-LVP) resulted in increases in MAP that were beyond the desired treatment window 
of 10–15 mmHg. PP reductions in this group were similar to those seen with OCE-205. Although the recorded MAP 
baseline values were statistically different between the terlipressin (triglycyl-LVP) versus OCE-205 treatment groups, 
this observation could be attributed to inter-animal variability and smaller sample size for the terlipressin group (n = 6). 
The differences observed in baseline PP values in the 10 µg/kg versus 500 µg/kg groups could have been similarly 
affected. In the BDL rat model, which causes more profound PHT, and significant renal dysfunction,43,44 OCE-205 
reduced PP with capped maximal vasoconstrictive activity that is consistent with a partial agonist-like effect.

The OCE-205 molecule was designed to widen the therapeutic window through an innovative combination of both 
a selective V1a agonist domain and a selective V1a antagonist domain that together achieve effective partial agonism. 
While this unique design allows the molecule to bind to the receptor in either orientation, any one molecule binds to one 
receptor at a time. Binding of the agonist domain to V1a receptors drives the desired vasoconstrictive effect, while 
binding of the antagonist domain in a competitive manner prevents maximal activation of the V1a system. Cell-based 
functional assays of OCE-205 support both its function as an effective partial agonist and its selectivity for the V1a 
receptor, with no activity at the human or rat V2 receptor at therapeutic concentrations.35 In healthy animals, this partial 
agonist mechanism was demonstrated, with a plateau effect achieving submaximal increases in MAP that were driven by 
similar increases in SBP and DBP (Bukofzer et al, “OCE-205 in Rats and Non-Human Primates: Pharmacokinetic and 
Pharmacodynamic Analysis”, submitted manuscript).

Without treatment, patients with HRS-AKI have a mortality of ~80% at 3 months, with a median survival of only 4 
weeks.47 Furthermore, almost one-third of patients with HRS-AKI are readmitted to hospital within 30 days after initial 
hospitalization.48 While the current EASL guidelines recommend the use of terlipressin plus albumin,9 and the US FDA 
recently approved terlipressin for patients with HRS with a rapid reduction in kidney function,49 the observed side effects 
limit its use. Despite significantly improving renal function, terlipressin use is associated with serious AEs, including 
gastrointestinal disorders, and respiratory failure.50 LVP, the active metabolite of terlipressin (triglycyl-LVP), has activity 
at V1a, V1b, and V2 receptors22,23 and is both a full V1a and V2 receptor agonist.22 The known AE profile of terlipressin 
is likely related to the full V1a14,28,29 agonist activity of the primary metabolite LVP (which is responsible for the known 
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pharmacology of terlipressin), leading to excessive vasoconstriction and significant V2 receptor activity which could 
contribute to further water retention.23,30 Because of its selective V1a functional partial agonist activity, OCE-205 could 
further benefit patients with HRS-AKI through increasing MAP by ~10–15 mmHg, within the desired treatment window, 
without the development of ischemic or pulmonary complications.

OCE-205 may have potential for more generalizable utility for other complications of decompensated cirrhosis, such 
as for resistant and refractory ascites and post-paracentesis–induced circulatory dysfunction, because of similar under
lying mechanisms of renal dysfunction. Because of its innovative agonist/antagonist design, the selective binding of 
OCE-205 to V1a receptors should result in effective partial receptor agonism and limit maximal vasoconstriction. These 
properties could eliminate the excessive vasoconstriction and associated adverse effects observed with a full V1a 
receptor. Further studies utilizing OCE-205 in patients with refractory ascites are being planned.

Neither of these rat disease models fully replicates human liver disease, but rather reproduces the hemodynamic and 
fluid imbalances observed in patients with cirrhosis. Moreover, chronic liver diseases progress over many years in 
humans, whereas in rats the disease progression occurs over weeks or months. Rodent metabolism is much faster than 
human metabolism, which could lead to issues in replicating liver diseases related to metabolism (eg, NAFLD).51 

Because animal models cannot completely predict the response in humans or replicate all the features of human liver 
disease, clinical trials in humans are needed to confirm the potential of OCE-205.

Conclusion
In our study, OCE-205, a novel peptide drug, led to predictable increases in MAP within the desired range for efficacy 
and safety while decreasing PP in both rat models. Its wide dose range, selective V1a receptor activation, and 
vasoconstrictive effects that elicit the target MAP increase suggest that OCE-205 is a promising candidate for further 
development to treat HRS-AKI. The first Phase 2 study is ongoing in patients with cirrhosis and ascites who develop 
HRS-AKI (NCT05309200).
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