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ABSTRACT 

Stroke is the second deadly disease in the world after ischemic heart disease. According to data of 
RISKESDAS (Riset Kesehatan Dasar), stroke was the highest cause of death in Indonesia in 2013. 

Hypertension is the one of the most important risk factors for stroke. Hypertension therapy is done by 

modification and the use of antihypertensives. The antihypertensives used is Telmisartan which is a 

class of Angiotensin Receptor Blocker (ARB) that works by inhibiting bind to angiotensin II type 
receptors that is angiotensin II type 1 receptors (AT-1R) which directly make angiotensin II bind to 

AT-2R (angiotensin receptor type 2 receptors). Telmisartan has a neuroprotectant effect that works by 

inhibiting the appearance of inflammatory cytokines, production of ROS (Reactive Oxygen Species), 

PGE2 (prostaglandin E2) and NMDA (N-Methyl-D-Aspartate) activity. Telmisartan activates PPAR-
gamma (PPAR-γ), which is very useful in carbohydrate and lipid metabolism which directly protect 

blood vessels. Telmisartan has the advantage of structure and pharmacokinetics that support the 

effects of nerve protection. Based on lipophilicity and chemical structure, Telmisartan easily 

penetrates the brain barrier and high affinity to PPAR-γ, supporting the effects of Telmisartan 
neuroprotection. Based on pharmacokinetic aspects, telmisartan has the advantage of having a rapid 

onset that ranges from 30-60 minutes, with T ½ (half life) elimination is 24 hours. T 1/2 elimination 

for up to 24 hours from Telmisartan is clinically beneficial to improve medication adherence. 
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Introduction 

Stroke is the second deadly disease in the world after 

ischemic heart disease.
1
 In Western population, stroke is the 

third cause of morbidity and mortality after cancer and IHD 

(ischemic heart disease).
2,3

  

Antihypertensives can play a role as a neuroprotection in 

stroke, some of which include ARBs (Telmisartan, 

Losartan, Eprosartan, valsartan) and Perindopril. ARBs 

have potential become neuroprotective and therapeutic use 

in many brain diseases. ARB neuroprotection activity 

through anti-inflammatory activity and improvement of the 

effects of apopotosis triggered by glutamate, beta 

interleukin, the presence of endotoxy bacteria in nerve cells, 

astrocytes, microglia and cerebrovascular endothelial cells.
4
  

Telmisartan is the antihypertensive class of ARB which has 

the advantage of being PPAR-γ agonist compared to other 

antihypertensive.
5 

 The role neuroprotection of Telmisartan 

in stroke is that affects of the RAAS (Renin Angiotensin 

Aldosterone System). The Telmisartan blockade of 

angiotensin II binding to angiotensin II type 1 receptor (AT-

1R), directly triggers the angiotensin II binding activity on 

angiotensin II type 2 (AT-2R) receptor. This activity can 

produce the effect of vasodilation and regeneration of nerve 

cells. Telmisartan can inhibit the formation of inflammatory 

neurotransmitters and cell damage. Epidemiological studies 

have shown that incidence ischemic stroke can be decreased 

by Telmisartan. Telmisartan have neuroprotection effects in 

stroke patients. This review discusses Telmisartan 

neuroprotective effects on stroke with hypertension. 

 

Discussion 

Telmisartan Epidemiology Study on Stroke 

Stroke, according to AHA/ASA 2013, is a non-traumatic 

vascular injury to the CNS (central nervous system) that can 

lead to both focal and global neurological deficits. The 

diagnosis of stroke is based on anamnesis, clinical, and 

radiological symptoms in accordance with anatomy and 

pathology in neuronal and vascular. The location of the 

lesion can occur in the brain, spinal or retina.
6 

Epidemiological studies have shown that stroke can be 

prevented by controlling blood pressure. One option of 

antihypertensive drugs is Telmisartan. Clinical studies have 

shown that stroke prevention research (PRoFESS) with 

Telmisartan monotherapy use and other studies of 

Telmisartan combination with Ramipril. Ramipril Global 

Endpoint Trial (ONTARGET) have supported the 

neurovascular protection effects of Telmisartan on stroke 

REVIEW          OPEN ACCESS 



Page 42 of 6 

 

 

MNJ (Malang Neurology Journal) Vol. 6, No. 1, January 2020 

incidents. The PRoFESS study compared Telmisartan with 

placebo in 20332 acute ischemic stroke patients. Therapy 

with Telmisartan (80 mg daily) is given immediately after 

an ischemic stroke and continuing for 2.5 years did not 

significantly lower the rate of recurrent stroke, but there 

was a tendency to reduce stroke recurrence (p = 0.23). The 

PRoFESS study group known that may have led to a 

significant lack of benefits associated with Telmisartan. 

Another study comparing ramipril with Telmisartan, and 

combination therapy showed both can reduce the 

prevalence of stroke recurrence. Furthermore, the 

TRANSCEND study comparing placebo with Telmisartan  

in 5926 patients who were intolerant of antihypertensive 

ACEI (Angiotensin Converting Enzyme Inhibitor) for 56 

months known that the percentage of stroke decreased by 

17% in the Telmisartan group, but not statistically 

significant (p = 0.136).
7
  

Prevention of Neuronal Death with Telmisartan 

The incident of stroke causes the blood flow to the brain to 

decrease which later triggers the process of inflammation 

and damage to nerve cells or neurons. Inflammatory 

mediators can be release by the inflammatory response. 

Inflammatory response can be activation of proteases, 

microglia, astrocytes and the destruction of the blood-brain 

barrier.
8
 The presence of hypertension alters brain 

vascularization and cerebrovascular autoregulation. This 

triggers a chronic hypoxia and susceptibility to stroke. 

Chronic hypertension leads to the endothelial vascular 

damage in the brain causing structural abnormalities in the 

brain. One study shows that if hypertension is untreated, it 

can cause lower cognition and smaller brain volume.
9
 

Telmisartan can normalize blood pressure, restore 

cerebrovascular remodeling, and improve cerebrovascular 

autoregulation.
4 

From animal studies, it is found that Telmisartan has 

neuroprotection and anti-inflammatory activity. In rats 

stroke-induced or stroke resistant spontaneously 

hypertensive rats (SHR-SRs) studies, it is known that 

Telmisartan may affect neuroinflammation factors such as 

decreasing glial fibrillary acidic protein (GFAP), N-

acetylglucosamine oligomers (NAGO), raising the matrix 

metalloproteinase-9 (MMP-9), collagen IV and 

inflammation.
10 

Telmisartan and ARB drugs in general, based on their 

mechanism of action affect the mechanism of RAAS, can 

provide protection of neurons and control blood circulation 

by inhibition of angiotensin II binds to angiotensin II type 1 

receptors that provide the effect of vasoconstriction.
4 

 The 

new receptor angiotensin II is Mas Receptor (MasR) which 

binds to angiotensin I and angiotensin II metabolites 

metabolized by angiotensin converting enzyme 2 (ACE2) 

which is angiotensin 1-7, may have improvement of 

neurological deficits.
11,12 

The Telmisartan mechanism as 

neuroprotective acts through several mechanisms such as 

direct Telmisartan penetration to the brain. This is 

influenced by Telmisartan pharmacokinetics factors that 

have the greater lipophilicity than other drugs in the ARB 

class, thus affecting the ease of entry into the brain 

barrier.
13, 14, 15 

 Telmisartan can maintain the blood barrier 

integrity of the brain, causing neuronal damage resulting 

from macrophage infiltration; thus, other injury factors in 

the incidence of stroke can be avoided.
4
 Telmisartan 

neuroprotection may also pass activation of the signaling 

pathway (Figure 1). The first signaling pathway activation 

mechanism is neuroprotection from bacterial endotoxin 

(gram-negative bacteria). Apoptosis and inflammation 

caused by endogenous bacteria are the results of membrane 

activation of membrane toll-like receptors (TLRs) such as 

co-receptor CD14 and TLR4.
16  

Telmisartan reduces the 

effects mechanism of pro-inflammatory signal transduction 

to AT1R stimulation and CD14/TLR4, including NF-κB 

activation (Figure 1). Induction of NF-κB prompts an 

increase in intracellular inflammation cascade with 

neurotoxic production of IL-1β, interleukin-6 and alpha 

tumor necrosis factor, an effect associated with oxidative 

stress.
4
 Telmisartan directly protects the neuronal from 

inflammation and the pro-apoptosis from excessive IL-1β 

stimulation. Neuroprotection acts against cell damage due 

to IL-1β. ARB reduces an increased expression of 

cyclooxygenase-2 (COX-2) and prostaglandin E2 

production and its release is induced by concentrations of 

neurotoxic of IL-1β (Figure 1).
4,17 

In addition, 

neuroprotective mechanisms contain kinase-controlled 

extracellular signals 1 and 2 or p38 mitogen-activated 

protein kinase phosphorylation and NF-κB activation 

(Figure 1). Neuroprotection against IL-1β-induced 

neurotoxicity may occur by the reduction of type 1 

interleukin-1 receptors and transcription activity of 

nicotinamide adenine dinucleotide phosphate oxidase-4, 

reduction of oxidative stress and hydrogen peroxide 

induced by cyclooxygenase-2, and the effects associated 

with decreased JNK.
4, 17 

Telmisartan neuroprotection provides protection from 

glutamate toxicity, thus reducing the injury of neurons 

produced by N-methyl-D-aspartate receptors (NMDARs) 

by glutamate (neurotoxic) (Figure 1).
4 

 The neuroprotection 

mechanism works by decreasing expression of NMDARs, 

reducing glutamate due to activation of caspase-3 pro-

apoptosis, and giving protection via phosphoinositide-3-

kinase/protein kinase B/Akt/glycogenase Synthase kinase 

3β.
18 

Telmisartan triggers PPAR-γ activation which is very useful 

in lipid and carbohydrate metabolism that directly protects 

the vascular. Other beneficial Telmisartan effects include 

blood vessel protection and increased sensitivity of insulin 

and glucose metabolism, so the AT1R blockade and the 

activation of PPAR-γ can increase the blood flow to the 

brain. Inflammation from neurotoxic presence when the 

activation of CD14/TLR4 and AT1R dominates the 

activation stimulation of PPAR-γ.
4
  The affinity and activity 

Telmisartan to the PPAR-γ is strongly influenced by the 

Telmisartan structure of the presence of carboxylic groups 

(Figure 2) which are responsible for the Telmisartan 

liphophylicity.
2
  

Mitochondrial dysfunction accompanied by excessive ROS 

formation, increased inflammation and apoptosis are caused 

by the activation of nicotinamide adenine phosphate 

dinucleotides, increased oxidative stress and reactive 

oxygen species (ROS). Inflammation can occur due to the 

cyclooxygenase-2 activation (increased the prostaglandins 

inflammatory production), increased concentrations of nitric 

oxide and diacylglycerol / protein kinase c / kinase which 

are regulated by stimulation of extracellular signals 1 and 2 

pathways. 
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This causes an increase intranuclear trafficking of 

transcription factors. Transcription factors such as nuclear 

factor-kappaβ, that increase production of neurotoxic 

cytokines (interleukin-6, tumor necrosis factor alpha, IL-1β 

and monocyte chemotactic protein) and pro-inflammatory 

mediators. The decreasing of survival pathways such as the 

activation of caspase-3, phosphoinositide-3-kinase/protein 

kinase β/Akt/glycogen Synthase kinase 3 beta pathway, 

stimulation of the p38 mitogen-activated protein kinase and 

c-Jun N-terminal Kinase (JNK), it is known that these are 

pro-apoptotic mechanisms (Figure 1).
4
 Angiotensin II Type  

1 Receptor overstimulation obstructs the neuroprotective  

PPARγ (peroxisome proliferator-activated receptor gamma) 

(Figure 2).
18

  
 
ARBs can regulate the signaling pathways. AT1Rs 

overstimulated enhances the signaling of apoptotic and 

inflammatory. Mechanisms are interaction with membrane 

receptors and signaling pathways for injury factors 

interleukin-1beta (IL-1β), glutamate, Angiotensin II (Ang 

II) is heading to increase the injury of cell (Figure 1).
4

 

 

Figure 1. Mechanism of Neuroprotection ARB 4 

Expression of membrane receptors which is cause by activated injury factor  (IL-1R1, CD14, TLR4, NMDA)  is decreased by 
ARBs.  PPARγ directly stimulated by ARB, even in the absence of AT1R. The stimulation of neuroprotective signaling 

pathways which follows ARB administration trigger to the decreasing of neuronal injury and inflammation, protection of blood 

flow and increase energy balance. ARB administration protects cognition, reduces anxiety, stress, depression and may increase 

lifespan. 
Abbreviations: ARB, Angiotensin Receptor Blocker; AT1R, angiotensin II type 1 receptor; IL-1R1, interleukin-1 receptor 

type 1; NMDA, N-Methyl-D-Aspartate.
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Figure 2. Neuroprotection Mechanism of Telmisartan 
18 

NMDA receptors and increase neuronal injury by increasing inflammation and apoptosis activated by Glutamate. Telmisartan decrease 

glutamate-induced inflammation and apoptosis in cerebellar granule cells (CGCs). Telmisartan neuroprotection is the result of PPAR-γ 

activation and AT1 receptor blockade, decreasing inflamation and apoptosis by mechanisms involving a decreasing of glutamate-induced 

alterations in the Akt/GSK-3β and ERK1/2 pathways. 
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Figure 3. Telmisartan Chemical Structure
19 

(a)
 
is benzyl imidazole group; (b) is carboxyl group

 

 

Another mechanism of Telmisartan as neuroprotection is to 

inhibit HMGB1/RAGE axis. HMGB1 (High-mobility 

group box 1 protein) play a role in the pathogenesis of 

various disorders and diseases of organs such as liver, heart, 

intestine, spine, periodontium, pancreas, lung, and joints, 

and is involved in transplantation graft rejection. HMGB1 

and RAGE (Receptor for Advanced Glycation End 

Products) contribute to the pathogenesis of hypertension 

and atherosclerosis. Telmisartan lowers serum sRAGE 

levels in patients with hypertension. Telmisartan inhibits 

cellular injury due to AGE-elicited through suppression of 

RAGE expression. Suppression of RAGE expression occurs 

by activation of PPAR-γ.
5
 Telmisartan inhibition of 

HMGB1/RAGE axis on stroke risk factors such as 

atherosclerosis and hypertension may be a neuronal 

protective pathway against stroke events. 

Pharmacokinetic and Chemical Structures Aspects that 

Affect Activity Neuroprotection of Telmisartan  

Pharmacokinetics factors from the drug such as 

lipophilicity, half-life, and bioavailability of the drug may 

affect the activity, duration of the action, and affinity of 

drug-binding with the receptor. This pharmacokinetics 

profile is important to guide in choosing the right of ARB 

and according to the patient's condition. Based on the 

pharmacokinetics factors, Telmisartan has the highest 

lipophilicity compared to other ARB classes, this is due to 

the replacement of tetrazole groups into carboxylate groups, 

which increases Telmisartan hydrophobicity (Figure 3).
19

 

This advantage also allows Telmisartan to penetrate the 

blood brain barrier. The Telmisartan affinity of PPAR-γ is 

strongly influenced by the Telmisartan structure. 

Telmisartan stucture presence of carboxylate groups that 

enhance telmisartan lipophilicity (Figure 3).
19

 It is known 

that Telmisartan is not a prodrug, so this drug works 

directly without being metabolized by the first metabolism 

in liver.
20 

Telmisartan has the fastest onset that ranges from 30 

minutes to 1 hour, with T ½ (half life) elimination reaches 

24 hours. This is particularly important in clinical settings, 

since once-daily use greatly benefits patients to have high 

adherence.
20 

Telmisartan has the possibility of drug 

interactions with digoxin, which Telmisartan can increase 

blood digoxin levels, through P-glycoprotein inhibition 

mechanisms, dose adjustment in patients with Telmisartan 

use as antihypertensives and digoxin.
13 

 In the metabolic 

phase, Telmisartan is one of the ARBs not undergoing 

phase 1 metabolism and not through metabolism with 

cytochrome P450, so the possibility of drug interactions 

with other drugs is very minimal. Penetration of drug and 

metabolites to the body tissue is also influenced by the 

presence of substrates that help transporting drugs such as 

substrate Pgp.
15 

 

Conclusion 

Neuroprotection of Telmisartan on stroke patients with 

hypertension by inhibiting the appearance of inflammatory 

cytokines, ROS production, prostaglandin E2 and NMDA 

activity and PPAR- γ activation. 
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