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• Occurs in approximately 4.5% of 

patients

• Multiorgan reaction: fever, rash, 

fatigue, nausea, liver and/or kidney 

injury

• Occurs mostly within the first 6 

weeks after starting abacavir

• Rechallenge positive within hours

Abacavir (ABC) hypersensitivity - clinics

Clin Ther 2001;23:1603-14

NRTI

• Immunological studies in a 

patient 41 months after an  

ABC-associated hyper-

sensitivity reaction (HSR)

• (a): positive patch test

• (b): positive CD8 proliferation 

(A10: control, A7: patient; SEB: 

staphylococcal enterotoxin)

• (c): Increased frequency of 

MHC alleles of the 57.1 

ancestral phenotype in patients 

with ABC HSR 

Abacavir hypersensitivity - mechanism

AIDS 2005;19:979-987

https://de.wikipedia.org/wiki/Datei:Abacavir.svg
https://de.wikipedia.org/wiki/Datei:Abacavir.svg
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• Prospective, randomized, double-

blind multicenter study

• 1956 patients with HIV type 1 

infection not having been treated 

with ABC

• Prospective screening group (980 

patients): HLA-B *5701 positives 

no ABC. Remaining patients ABC 

• Control group (976 patients): no 

screening, all ABC

• Endpoints: incidence of clinical 

HSR and positive patch testing

HLA-B *5701 screening for ABC HSR

N Engl J Med 2008;358:568-79

HLA-B *5701 screening for ABC HSR

N Engl J Med 2008;358:568-79

• HLA-B *5701 genotyping reduces clinically diagnosed hypersensitivity reactions

• HLA-B *5701 genotyping eliminates immunologically confirmed (patch clamping) 

hypersensitivity reactions (NPV 100) 
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Abacavir hypersensitivity - molecular mechanism

Nature 2012;28;486:554-8

a: normal recognition of antigens 

on cell surfaces: viral proteins are 

recognized as «foreign», «self-

proteins» not

b: Abacavir binds in the ER to 

HLA-molecules and changes 

binding sites of the HLA. «Self 

protein»-fragments, which 

normally don’t bind, can now bind 

and are recognized as foreign
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PDE5 inhibitors on the market

cGMP Sildenafil VardenafilTadalafilAvanafil

Drug Dose (mg) Ingestion 

before sex (h)

Metabolism 

(CYP)

Half-

life (h)

Duration of 

effect (h)

Avanafil (Spedra®) 50-200 0.5 3A4, 2C9 6-17 ca. 6

Sildenafil (Viagra®) 25-100 ca. 1 3A4 4 4-6

Tadalafil (Cialis®) 10-20 1-36 3A4 17 24-36

Vardenafil (Levitra®) 5-20 ca. 1 3A4, 2C9 5 4-6

Mode of action of PDE5 inhibitors

Inhibition of  PDE5

• Degradation of cGMP 

• cGMP dilates smooth muscles 

and stimulates blood flow into 

corpus cavernosum

No “chemical” erection

• Sexual stimulation is necessary 

for NO synthesis  stimulation of 

cGMP-synthesis

• Neurovascular function must be 

intact
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Pulmonary arterial hypertension - pathogenesis

Resting pulmonary 

arterial pressure

>25 mmHg

Pharmacological modulation of pulmonary arteries
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Sildenafil in pulmonary arterial hypertension

• Double-blind placebo-controlled 

study in patients with PAH 

(idiopathic, lung fibrosis, left-

right shunts)

• Placebo or sildenafil (20, 40 or 

80 mg q8h) for 12 weeks

• End points: 6-minute walking 

distance, pulmonary arterial 

pressure, safety

N Engl J Med 2005;353:2148-57
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Nasal application of drugs - anatomy

J Pharm Pharmaceut Sci 2009;12:288-311

Respiratory region

• 130 cm2

• Columnar cells, goblet cells (mucus), 

basal cells (progenitors)

• Very high vascularization, good 

permeability

Olfactory region

• 15 cm2

• Receptor cells, supporting cells and 

basal cells

• High vascularization, direct access to 

CNS

Nasal application of drugs – pharmacy & pharmacology

J Pharm Pharmaceut Sci 2009;12:288-311

Advantages

• Non-invasive, easy drug application

• Circumvents intestinal and hepatic 

presystemic metabolism

• Rapid effect for a non-invasive 

application

• Preparation has not to be sterile

Disadvantages

• Low volume (100-150 µL)

• Nasal irritation and/or systemic toxicity if 

adjuvants are used

• Absorption may be altered in patients 

with nasal diseases 
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Midazolam - pharmacokinetics

• Rapid absorption

• Bioavailability 30% (intestinal and 

hepatic presystemic metabolism)

• Protein binding 98%, Vss 1 L/kg

• Almost complete metabolism by 

CYP3A4/A5 to  1’-OH-midazolam and 4-

OH-midazolam

• Half-life midazolam 1.5 – 2.5 h             

(1’-OHMDZ 1 h)

• Lipophilic, limited water solubility 

• Nasal application might be preferable for 

patients with seizures

Midazolam – pH-dependent solubility

Br J Clin Pharmacol 2010;69:607–616

• Saturation concentrations of MDZ at 

different pH

• Britton-Robinson (BR) buffer alone (  )

• BR buffer with 10% solubilizer 

hydroxypropyl-β-cyclodextrin (HPβCD)  

(  )

• Randomly methylated β-cyclodextrin 

(RMβCD) (  )

• Hydroxypropyl--cyclodextrin (HPCD) 

()

https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiCganh8OXSAhUpCcAKHQBQAOMQjRwIBw&url=http://dmd.aspetjournals.org/content/27/12/1512&psig=AFQjCNEL7M9G7uLa9Fc9dcavT-z9oqOd_w&ust=1490126710758870
https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiCganh8OXSAhUpCcAKHQBQAOMQjRwIBw&url=http://dmd.aspetjournals.org/content/27/12/1512&psig=AFQjCNEL7M9G7uLa9Fc9dcavT-z9oqOd_w&ust=1490126710758870
https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJ2vCS_-XSAhUMaRQKHfEbCiwQjRwIBw&url=https://de.wikipedia.org/wiki/Midazolam&psig=AFQjCNH_VEHJOZRLdEO_ELu1pzRd14zbmg&ust=1490130579325015
https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJ2vCS_-XSAhUMaRQKHfEbCiwQjRwIBw&url=https://de.wikipedia.org/wiki/Midazolam&psig=AFQjCNH_VEHJOZRLdEO_ELu1pzRd14zbmg&ust=1490130579325015


23-4-2017

10

Midazolam – nasal preparations assessed 

• Comparison of the pharmacokinetics after nasal and iv application

Br J Clin Pharmacol 2010;69:607–616

Midazolam – pharmacokinetics of nasal preparations 

Br J Clin Pharmacol 2010;69:607–616

5: RMβCD 12% + chitosan 0.5% (3 mg) 

1: buffer (1 mg)

2: RMβCD 2% (1 mg)

3: RMβCD 4% (1 mg)

4: RMβCD 12% (3 mg)
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Midazolam – pharmacokinetics of nasal preparations 

Br J Clin Pharmacol 2010;69:607–616

1: buffer    2: RMβCD 2%    3: RMβCD 4%   4: RMβCD 12%   5: RMβCD 12% + chitosan 0.5% 

Midazolam – pharmacodynamics of nasal preparations 

Clin Pharmacol Ther 2012;91:856-862

a: 5 mg i.v.

b: 6 mg nasal

c: 3 mg nasal

5 mg i.v.6 mg nasal

3 mg nasal
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Conclusions

• Drugs that are on the market can be further developed in different ways

• Investigation for new indications is common – in particular for anti-cancer drugs

• New galenical formulations are particularly common in pediatrics (off-label or off-

license formulations due to lacking studies)

• Pharmacists can initiate new developments and can help particularly well in designing 

new preparations 


