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FAMILIES OF  SPECIALIZED PRO RESOLVINE MEDIATORS –SPM  



New classes of lipid mediators for regulating the resolution of inflammation derived from polyunsaturated 
fatty acids (PUFA) 
Endogenously generated during inflammation 
Potent anti-inflammatory actions and serve as specialized pro-resolving lipid mediators (SPM)
Promote the resolution of inflammation.



Serhan CN Molecular Aspects of Medicine 2017 

Chiang N et al Essays in Biochemistry 2020 

Serhan CN et al Seminars in Immunology 2022

SPMs are not in diet, 

they are produced in-

vivo from substrates 

primarily DHA and 

EPA

SPM = specialized pro-resolving mediator; EPA = eicosapentaeoic acid, DHA = docosahexaenoic acid



A change in focus on inflammation: 
Inflammation’s Stop Signals

Science 2015 – Charlie Serhan
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Serhan CN, Levy BD.  J Clinical Investigations 2018

Chiang N et al Essays in Biochem 2020

Resolvins, 

Protectins 

Maresins 
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Created with BioRender.com

SPM = specialized pro-resolving mediator; IL-10 = interleukin 10; ROS = reactive oxygen species;
PMN = polymorphonuclear





Multiple 

Mechanisms: 
Actions on multiple cell 

types, at multiple levels 

of inflammatory 

cascade which initiate 

resolution

Efferocytosis is the process by which 

apoptotic cells are removed by phagocytic 

cells. It can be regarded as the 'burying of 

dead cells'

SPM = specialized pro-resolving mediator; EPA = 

eicosapentaenoic acid; PMN = polymorphonuclear; Rv = 

resolvin; HEPE = hydroyeicosapentaenoic acid; ERV = 

endogeneous retrovirus, COX-2 = cacyloxygenase-2
Serhan CN et al Seminars in Immunology 2022





Acute Chronic inflammation
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Chronic Critical Illness 
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Vanhorebeek I, Latronico N, Van den

Berghe G. ICU-acquired weakness. 

Intensive Care Med. 2020 

Apr;46(4):637-653.

PICS 

Development:

A conceptual 

framework



Vanhorebeek I, Latronico N, Van den

Berghe G. ICU-acquired weakness. 

Intensive Care Med. 2020 

Apr;46(4):637-653.
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Mitochondria: hubs that integrate metabolic & proteostatic fluxes 
to modulate stress responses to various insults

Andreasson A et al. EMBO Rep (2019)20:e47865



Vanhorebeek I, Latronico N, Van den Berghe

G. ICU-acquired weakness. Intensive Care 

Med. 2020 Apr;46(4):637-653.
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Relative Inflammation Scale

Olive oil

Safflower oil

Soybean oil

Medium chain 

triglyceride oil
Fish oil

Less inflammatory

Calder PC et al JPEN 2020 
Martindale RG et al JPEN 2020 
Vanek VW et al Nutr Clin Pract 2012
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JAMA 2020

• RCT 8 Swiss Hospitals N=1950

• Personalized nutrition vs SOC hospital food
• protocol-guided individualized nutritional support to reach protein and energy goals (intervention 

group) or standard hospital food (control group).

• End points

• 30 day mortality (primary)

• Level of inflammation based on CRP (3 levels, low-moderate-high)

• Results
• Personalized nutrition decreases mortality across entire study groups

• Highest level of inflammation reported no benefit or effect of nutritional support

Should modulation of inflammation be a goal in ICU settings ?



What happened here?
wrong nutrient ? wrong timing ? wrong patient ?

Merker M, et al. “Association of Baseline Inflammation with effectiveness of Nutritional Support…” 

JAMA Network Open. 2020; 3(3):e200663.

Moderate inflammation High inflammation



What happened here?
wrong nutrient ? wrong timing ? wrong patient ?

Merker M, et al. “Association of Baseline Inflammation with effectiveness of Nutritional Support…” 

JAMA Network Open. 2020; 3(3):e200663.



General Surgery Intensive Care

Specialized Proresolving Mediators (SPMs) in Patient Care 2024 

Where to begin?

Cancer CV Disease

Burns Traumatic Brain Injury, 

neurosurgery, 

neurodegenerative 

diseases

Pain
Bacterial and viral 

Infections

Trauma

Orthopedic Surgery

Tissue regeneration
Chronic inflammatory Diseases



Miotto PM et al FASEB J 2019

Note: no decrease in mitochondrial respiration 

in Omega 3 FA group
★ 4 wk 5 gm FO supplement pre immobilization and 2 weeks during immobilization



Muscle injury models of traumatic or 

surgical loss of skeletal muscle leads to 

chronic inflammation and fibrosis
• Macrophage and neutrophil infiltration
• Macrophages are critical regulators of tissue repair 

– lack of polarization to M2

• Lack of M1 transition to M2 leads to limited

regeneration

RvD1
• Limited degree of inflammation

• Enhanced regeneration

• Enhanced PMN clearance

• Modulated stem cell response

Tx with Maresin 1
• Augments macrophage polarization 

(conversion from M1 to M2)

• Ameliorates fibrosis

• Improved myogenesis

• Enhanced recovery of muscle strength

SPMs and Muscle Regeneration

eLife 2023

JCI Insight 2020



SPMs and multiple benefits in realm of pain control !

• Opioids and NSAIDS have potential detrimental side-effects post op

• Animal models:
• Decrease pain in inflammatory models – incisional, bone fracture

• Neuropathic pain – thoracotomy, amputation
• Multiple models

• RvD1 RvD2 decrease muscle incisional pain

• RvD1 and RvD2 decrease post thoracotomy pain

• RvD1, RvD2, and MaR1 tibial bone fracture model decrease pain

• Systemic treatment with RvD1 prevented cognitive decline

1) SPMs do not interfere with normal pain perception

2) SPMs serve to restore homeostatic balance without suppressing physiologic pain

Ji RR Ann Rev Pharm Tox 2023



Ji RR. Ann Rev Pharm and 

Toxicology 2023

SPMs in Pain models



The FEBS Journal 2021

• SPMs are physiologic immunoresolvents that actively
resolve inflammation by:
• Limiting neutrophil influx

• Stimulating phagocytosis

• Enhanced bacterial killing and clearance

• Efferocytosis of apoptotic neutrophils and cellular debris by macrophages (M2)

• SPMs:

• prevent collateral tissue damage

• promote tissue repair and regeneration

• lower antibiotic requirements without side effects

The FEBS Journal 2021



Dyall SC et al Progress in Lipid Research 2022



• SPM (NPD1) counteracts pro-inflammatory
microenvironment following brain injury

“Neuroprotective”
• Elovanoids- new “pro-homeostatic” lipid class

• SPM’s Decrease:
• Stroke damage
• PMN entering into injured brain
• induction of COX-2 and NFkB
• Injury (cell death) in the penumbra
• Neuroinflammation

• Increase CNS cell survival
• Activation of pro-apoptotic pathway
• Induction of pro-survival proteins

Terrando N et al FASEB J 2013, Asatryan A, Bazan NG J Biol Chem 2017 Bazan NG et al NY Acad Science 2017, 
Jun B et al Sci Reports 2017 Bhattacharjee S et al Sci Adv 2017, Valente M et al Molecules 2022

SPM = specialized pro-resolving mediator; NPD1 = neuroprotectin D1; COX-2 = cyclooxygenase-2; PMN = polymorhonuclear; CNS = central nervous system

SPMs: Stroke, TBI, CNS Hemorrhage, 
Post-op Cognitive Decline 

“Neuroinflammation”



Li W et al PNAS 2023

Vessels red : Neutrophils - Green 

Vascular leakage diminished with RD1

What about Transplant ?



Godson C NEJM 2020

MCTR – Maresin conjugates in tissue regeneration

What about reactive airway 

disease ?



• Cancer treatment is a double edge sword:
• Cancer therapy reduces tumor burden by killing tumor cells

• Treatment creates tumor cell debris that stimulates inflammation and tumor growth
• Increase metastatic disease in animal models

• Debris-stimulated tumors were inhibited by anti-inflammatory and pro-resolving 
lipid mediators
• Resolvin D1 (RvD1), RvD2, or RvE1

• Enhancing endogenous clearance of tumor cell debris is a new 
therapeutic target in cancer therapy

Journal of Experimental Medicine 2018



L’importanza degli omega 3
Metanalisi Pradelli et al 2020

Meta-analisi di confronto tra NP arricchita con acidi grassi omega-3 e NP 

senza omega-3 (standard) in pazienti adulti ospedalizzati

46

Riduzione 

significativa della 

degenza in 

terapia intensiva 

di 1,95 giorni 

(10 studi con 882 

pazienti) 

Riduzione 

significativa 

della degenza 

in ospedale di 

2,14 giorni

(26 studi con 2.182 

pazienti) 

Riduzione 

significativa 

del 56% del 

rischio sepsi

(9 studi con 1.141 

pazienti) 

Riduzione 

significativa 

del 40% del 

rischio di 

infezioni

(24 studi con 

2.154 pazienti) 

p<0,0000

1
p<0,0000

1
P<0,01 P=0,0000

4

Pradelli L, Mayer K, Klek S, et al. ω-3 Fatty-Acid Enriched Parenteral Nutrition in Hospitalized Patients: Systematic Review With Meta-Analysis and Trial Sequential Analysis. JPEN J Parenter Enteral Nutr. 2020;44(1):44-57
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Costo medio ± SD (€) PN Infezione Degenza Totale

PN con ω-3 918 ± 557 531 ± 838 37,928 ± 31,886 39,377 ± 31,934

PN Standard (senza ω-3) 579 ± 362 833 ± 923 41,308 ± 31,886 42,719 ± 31,915

∆ 339 ± 202 -302 ± 1,242 -3,380 ± 0 -3,342 ± 1,254

Costo medio ± SD (€)
PN Infezione Degenza Totale

PN con ω-3 938 ± 523 396 ± 760 27,549 ± 25,442 28,883 ± 25,533

PN Standard (senza ω-3) 589 ± 338 657 ± 887 29,378 ± 25,647 30,624 ± 25,741

∆ 349 ± 189 -261 ± 1,152 -1,829 ± 483 -1,741 ± 1,284

Pazienti ospedalizzati in Italia (Pradelli et al, JPEN 2020)

Pazienti in terapia intensiva in Italia (Pradelli et al, Critical Care 2020)

L‘aumento dell‘efficacia clinica con la Nutrizione Parenterale con acidi grassi Omega-3 porta a

 una significativa riduzione del costo medio per paziente adulto in tutte le strutture ospedaliere

 europee e statunitensi indagate.

L’importanza degli omega 3
Costo-efficacia



What is the evidence that animal models have shown to be 
potentially clinically relevant in intensive care patients ?

• Improves muscle metabolism in several inflammatory diseases, injury, 
tissue loss (1) , stimulates muscle regeneration in animal model

• RvD1 inhibits mitochondrial damage in cardiac ischemia (3)

• RvD1 therapeutic target for ARDS (4)

• RvE3 ameliorates diet and stress induced insulin resistance (5)

• RvD1 reported to decrease post-op cognitive decline (6)

• RvD1 improves acute hepatic injury, I/R, NAFLD, fibrosis, Ca(2)

1. Engelen MPKJ et al Am J Clin Nutr 2022
2. Yang M et al Prostaglandins lipid mediators 2022
3. Zhang J et al 2022
4. Molaei E et al Euro J Pharm 2021
5. Shimizu T et al FASEB journal 2022

6. Terrando N et al FASEB J 2013



What is the evidence that SPM’s have a potential to be clinically 
relevant in the ICU ?

• Decreases postop edema pain, neuropathic pain, cancer pain etc (1)

• SPM serum profiles linearly correlated with outcomes in obesity, pregnancy and ICU(2)

• SPMs are key to appropriate host response both viral and bacterial infections (3, 4)

• Enhance bacterial killing by macrophages and neutrophils
• Increase antimicrobial peptides
• Disrupts biofilm production
• Potentiates action of antibiotics

• Accelerates removal of inflammatory and necrotic debris (5,6)

• Seen in cancer therapy (radiation and chemo) trauma, and surgery

• Enhances conversion M1 to M2 macrophages (resolution macrophages) (7)

1. Ji RR et al Ann Rev Pharm and Toxicololgy 2022
2. Dalli J Molecular Biol 2017, Dali J CCM 2017
3. Chiang N et al Essays in Biochem 2020
4. Thornton JM et al Molecules 2021
5. Baidoo JNE Int J Molecular Sci 2021
6. Sulcinar ML et al J Exp Med 2018
7. Shay AE et al PNAS 2021





Shorter ICU stay
ICU length of stay significantly reduced by 1.95 days27

Shorter hospital stay
Hospital length of stay significantly reduced by 2.14 days27

Lower relative risk of infections
40% significant reduction in relative risk of infection rate in 

non-ICU and ICU patients27

Lower relative risk of sepsis
56% significant reduction in the risk of sepsis27

27. Pradelli L et al. JPEN J Parenter Enteral Nutr. 2020; 44(1): 44-57

ICU, intensive care unit; PN, parenteral nutrition

Critical Care Medicine 2024



Key Take Home Messages

• Lo stato infiammatorio è un processo Biosintetico attivo

• L’avvio ed il potenziamento della risoluzione dello stato infiammatorio è 
dovuta a molteplici e noti meccanismi di azione

• Gli SPMs offrono una riposta plausibile a molte domande ancora 
aperte riguardo ai meccanismi a valle degli acidi grassi Omega 
tre (Immunonutrizione).

• Gli SPMs porteranno ad  un nuovo insieme di Terapie nutrizionali 
mirate, basate sulla modulazione dell’immunità e sul metabolismo 
di precisione per i pazieti in ICU.



GRAZIE
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