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AAS inhibitors in COVID-19: Not all
re created equal. Telmisartan is the

and  its  slow  dissociation  of  the  AT1  receptor,  telmisartan
behaves  in  clinical  practice  as  an  irreversible  antagonist.
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nibidores de RAAS em COVID-19: nem todos
ão criados iguais!: Telmisartan é o  único

ollowing  the  review  article  by  Gonçalves  et  al.1 on
he  potential  use  of  renin---angiotensin---aldosterone  system
nhibitors  to  reduce  the  severity  of  COVID-19,  Kow  et  al.
ublished  a  comment  on  it  in  a  Letter  to  the  Editor,  stat-
ng  their  general  agreement  but  with  some  specific  critical
onsiderations.2 Among  these,  they  suggest  that  the  partial
eroxisome  proliferator-activated  receptor-gamma  (PPAR-
)  agonist  action  of  telmisartan  could  be  the  cause  of
he  therapeutic  benefit  observed  in  patients  with  COVID-
9.  Gonçalves  et  al.  subsequently  replied.3 The  interesting
ebate  that  ensued  stimulated  our  interest  in  highlight-
ng  some  pharmacological  properties  of  telmisartan.  To  our
nowledge,  these  properties  enable  it  to  be  considered
he  best  agent  among  the  available  angiotensin  receptor
lockers  (ARBs)  to  reach  peripheral  tissues  in  effective
oncentrations  to  antagonize  the  inflammatory  process  trig-
ered  by  the  SARS-CoV-2  virus,  after  its  administration  in
igh  therapeutic  doses.4,5

Telmisartan  is  the  most  lipophilic  ARB  (its  partition  coeffi-
ient  is  approximately  100  times  higher  than  that  of  losartan
nd  more  than  10  000  times  higher  than  that  of  EXP3174,  the
ctive  metabolite  of  losartan).4 Telmisartan  is  the  ARB  with
he  highest  volume  of  distribution  (500  l),  which  enables
ts  extensive  binding  to  peripheral  tissues,4 and  with  the
ongest  plasma  half-life  (24  h,  as  opposed  to  2  h  for  losar-
an),  undergoing  accumulation  in  peripheral  tissues  until  it
eaches  a  steady  state  at  4---5  days.4 Seven  days  after  daily
dministration  of  160  mg  orally  in  hypertensive  patients,
elmisartan  reaches  a  maximum  plasma  concentration  of
871  ng/ml.6 Bearing  in  mind  that  the  molecular  weight  of
elmisartan  is  514.61,  these  values  correspond  to  5.58  �M.

Telmisartan  is  a  more  potent  ARB  than  losartan:  affin-
ty  estimates  (pKi  or  pIC50)  at  mammalian  AT1  receptors
re  8.33  and  7.71,  respectively.7 In  addition,  telmisartan
issociates  from  the  AT1  receptor  in  an  apparently  irre-

ersible  manner  (AT1  receptor  dissociation  half-life:  213
in;  AT1  receptor  dissociation  half-life  of  losartan:  67  min

nd  EXP3174:  81  min).7 Based  on  its  long  plasma  half-life

ttps://doi.org/10.1016/j.repc.2023.08.005
870-2551/© 2023 Published by Elsevier España, S.L.U. on behalf of So
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/b
Telmisartan  is  a partial  agonist  at  PPAR-� receptors  with
 10-fold  greater  potency  than  losartan  (telmisartan  EC50:  5
M;  losartan  EC50:  50  �M).  After  administration  of  telmisar-
an  at  a  daily  dose  of  160  mg,  it  reaches  a maximum  plasma
oncentration  of  5.58  �M  at  seven  days.  Based  on  its  high
ipophilicity  and  high  volume  of  distribution,  it  is  reason-
ble  to  assume  that  telmisartan  concentrations  in  peripheral
issues  will  be  higher  than  those  in  plasma.

In  summary,  it  is  considered  that  telmisartan  at  therapeu-
ic  doses,  in  addition  to  blocking  AT1  receptors,  stimulates
PAR-�  causing  additional  anti-inflammatory  effects.8---10
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3. Gonçalves J, Santos CD, Fresco P, et al. Reply to: RAAS inhibitors
in COVID-19: not all are created equal! Rev Port Cardiol. 2023
Sep;42:817---8, http://dx.doi.org/10.1016/j.repc.2023.06.003.
Epub 2023 Jun 23.

4. Rothlin RP, Pelorosso FG, Duarte M, et al. Telmisartan and
losartan: the marked differences between their chemical and
pharmacological properties may explain the difference in
therapeutic efficacy in hospitalized patients with COVID-19.
Pharmacol Res Perspect. 2023;11:e01083.

5. Duarte M, Pelorosso F, Nicolosi LN, et al. Telmisartan for treat-
ment of Covid-19 patients: an open multicenter randomized
clinical trial. EClinicalMedicine. 2021;18:100962.

6. Stangier J, Su CAPF, Roth W.  Pharmacokinetics of orally and
intravenously administered telmisartan in healthy young and
elderly volunteers and in hypertensive patients. J Int Med Res.
2000;28:149---67.

7. Michel MC, Foster C, Brunner HR, et al. A systematic comparison

of the properties of clinically used angiotensin II type 1 receptor
antagonists. Pharmacol Rev. 2013;13:809---48.

8. Zhang P, Hou Y, Tu W,  et al. Population-based discovery and
Mendelian randomization analysis identify telmisartan as a can-

ciedade Portuguesa de Cardiologia. This is an open access article
y-nc-nd/4.0/).

https://doi.org/10.1016/j.repc.2023.08.005
http://www.revportcardiol.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.repc.2023.08.005&domain=pdf
https://doi.org/10.1016/j.repc.2023.06.003
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0060
dx.doi.org/10.1016/j.repc.2023.06.003
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0070
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0075
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0080
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0085
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
http://refhub.elsevier.com/S0870-2551(23)00459-6/sbref0090
https://doi.org/10.1016/j.repc.2023.08.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


 TH

1

R
M
I
H

a

M
b

C
c

H
M

d

U
e

A
f

H
M
g

A
h

C
i

M
Autónoma  de  Buenos  Aires,  Argentina
∗ Corresponding  author.
E-mail  address:  safc@ama-med.org.ar  (R.P.  Rothlin).
LETTER  TO

didate medicine for Alzheimer’s disease in African Americans.
Alzheimers Dement. 2023;19:1876---87.

9. Wang Y, Xue J, Li Y, et al. Telmisartan protects against high
glucose/high lipid-induced apoptosis and insulin secretion by
reducing the oxidative and ER stress. Cell Biochem Funct.
2019;37:161---8.

0. Ayza MA, Zewdie KA, Tesfaye BA, et al. Anti-diabetic effect
of telmisartan through its partial PPAR�-agonistic activity. Dia-
betes Metab Syndr Obes. 2020;12:3627---35.

odolfo  P.  Rothlina,∗,  Facundo  Pelorossob,
ariano  Duartec,d,  Liliana  Nicolosi e,

gnacio  Fernandez  Criadof,  María  Victoria  Salgadog,h,
éctor  Vetulli i

Sociedad  Argentina  de  Farmacología  Clínica,  Asociación
édica  Argentina,  Argentina
Servicio  de  Anatomía  Patológica,  Hospital  de  Alta

omplejidad  El  Calafate  SAMIC,  Argentina
Laboratorio  de  Hipertensión,  División  de  Cardiología,
ospital  de  Clínicas  «José  de  San  Martín», Facultad  de
edicina,  Universidad  de  Buenos  Aires,  Argentina

22
E  EDITOR

Segunda  Cátedra  de  Fisiología,  Facultad  de  Medicina,
niversidad  de  Buenos  Aires,  Argentina
División  de  Cardiología,  Hospital  Español de  Buenos
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