
 

 
 

 

 
Nanomaterials 2021, 11, 2035. https://doi.org/10.3390/nano11082035 www.mdpi.com/journal/nanomaterials 

Review 

Drug Targeting of Inflammatory Bowel Diseases by  

Biomolecules 

Joana Costa Antunes 1,*, Catarina Leal Seabra 2, Joana Margarida Domingues 1, Marta Oliveira Teixeira 1, Cláudia 

Nunes 2, Sofia Antunes Costa-Lima 2, Natália Cândido Homem 1, Salette Reis 2, Maria Teresa Pessoa Amorim 1 and 

Helena Prado Felgueiras 1 

1 Centre for Textile Science and Technology (2C2T), Campus de Azurém, University of Minho,  

4800-058 Guimarães, Portugal; joana.domingues@2c2t.uminho.pt (J.M.D.);  

pg35037@alunos.uminho.pt (M.O.T.); natalia.homem@2c2t.uminho.pt (N.C.H.);  

mtamorim@det.uminho.pt (M.T.P.A.); helena.felgueiras@2c2t.uminho.pt (H.P.F.) 
2 Laboratório Associado para a Química Verde (LAQV), Network of Chemistry and Technology 

(REQUIMTE), Departamento de Ciências Químicas, Faculdade de Farmácia, Universidade do Porto, 4050-

313 Porto, Portugal; cseabra@ff.up.pt (C.L.S.); cdnunes@ff.up.pt (C.N.); slima@ff.up.pt (S.A.C.-L.); 

shreis@ff.up.pt (S.R.) 

* Correspondence: joana.antunes@2c2t.uminho.pt; Tel.: +351-253-510-289 

Table S1. Main IBD-associated comorbidities. 

Comorbidity Main appointed cause(s) 
Known  

prevalence 
Ref. 

Chronic  

fatigue 

Nutritional deficiencies; anaemia; 

hormonal disturbances; poor 

sleep quality; psychological as-

pects; drug side effects  

60–80% (active IBD)  

20–40% (remitted IBD) 
[1,2] 

Infections 

Old-age susceptibility; anti-TNF 

therapy; IM therapy; polyphar-

macy; other associated comorbid-

ities  

39.8% (pneumonia)  

13.2% (sepsis) 

12.9% (candidiasis) 

[39,73,

74] 

Psychological disor-

ders (stress, anxiety; 

depression) 

Increased expression of TNF-α 

and IL-6 proinflammatory cyto-

kines; high levels of CRP 

34.3% (depression) 

18.6% (anxiety) 
[3–7] 

Osteoporosis  

Steroid treatment; systemic in-

flammation; calcium and vitamin 

D deficiencies; malnutrition 

14–42% [8,9] 

NAFLD 
Increased expression of IL-6 and 

TNF-α 
27.5% 

[74,10–

12] 

PS 

Anti-TNF treatment; T cell mis-

balance induced by α4β7 block-

ade 

2–9% [13,14] 

Thromboembolism 

 Inflammation; immobility; sur-

gery; steroid therapy; central ve-

nous catheters 

1–6.7% [15–17] 

AD; vascular demen-

tia; unspecified de-

mentia 

- 

1.9% (AD) 

0.7% (vascular dementia) 

2.9% (unspecified de-

mentia) 

[18–20] 

Microvascular dys-

function 

Diminished vasodilatory capac-

ity to ACh 
- [17,21]   
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CAD   

High levels of TNF-α and IL-6; 

High levels of CRP, homocyste-

ine and CD40 ligand 

- [71,22] 

CVA 
Increased thickness of the carotid 

intimal-media 
- [17,23] 

PD 
Increased expression TNF-α and 

IL-1β 
- [24–27] 

MS - - [28,29] 

Obesity  - - [74,30] 

Diabetes mellitus  Increased expression of TNF-α - [74,31] 

COPD 
Increased expression of TNF-α, 

IL-6 and IL-13 
- [32–35] 

1 Abbreviations: Ach: Acetylcholinesterase; AD: Alzheimer’s disease; CAD: Coronary 

artery disease; CNS: Central Nervous System; COPD: Chronic obstructive pulmonary dis-

ease; CVA: Cerebrovascular accidents; IM: Immunomodulators; IBD: Inflammatory 

Bowel Disease; MS: Multiple sclerosis; NAFLD: Non-alcoholic fatty liver disease; PD: Par-

kinson’s disease; PS: Paradoxical Psoriasis; ROS: Reactive oxygen species. 
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