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MEDICINAL CHEMISTRY ROLE
IN COMMUNITY PHARMACY SETTINGS
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ANALGESIC-ANTIPYRETIC AND ACID SUPPRESANT MEDICATION

Disampaikan pada: Primadi Avianto

Kuliah Tamu- Fakultas Farmasi dan Sains UHAMKA email: primadi-a-ll@ff.unair.ac.id
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BIOSYNTHESIS OF THROMBOXANES AND PROSTACYCLINE
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ANALGESIC - ANTIPYRETIC

NHCDOCHS NHODOH NHCOC
DOC s iOH
Acetanibde Phenacetin Acetaminophen
Drug COX-1 COX-2 COX-3
Acetaminophen > | 0 = | OO0 460
Phenacetin » 1 000 = 1 000 102
Aspirin 10 = 1 00 3-1
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COX-1VS COX-2 INHIBITOR
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PHARMACOKINETIC PARAMETER (1)

Concentration

Time

Am J Manag Care. 2015;21:5139-5147

Concentration

—— (Concentration in plasma
Concentration in tissue
Total drug in tissue

—— (Concentration in plasma

Concentration in tissue
Total drug in tissue

—— Lack of COX inhibition in plasma

0

Time (hours)

12
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PHARMACOKINETIC PARAMETER (2)

NSAIDs Absosption Distribution | Metabolism glr:cti?:; Excretion t1/2 pKa
Ibuprofen 1-2h 0.11-0.18L/kg Hepatic 99% Renal 1.8-2.4h 4.4
Ketoprofen 0.6-1.8h 0.1L/kg Hepatic 99% Renal 2.4h 5.9
Diclofenac Na 1.5-6.5 1.41/kg Hepatic 99% Mainly renal 2h 4.0
Diclofenac K 1h 1.3L/kg Hepatic 99% Renal 65% 1-2h 4.0
Piroxicam 3-5h 0.1-0.2L/kg Hepatic 99% Renal 75% 50h 1.8
Meloxicam 4-8h 0.16-0.27L/kg Hepatic 99% Renal 26h 4.2
Ketorolac 44m 0.27L/kg Hepatic 99% Renal 90% 5.2h 3.5
Mefenamic acid <60m 1.06L/kg Hepatic 90% Renal 52% 2h 4.2
Celecoxib 2.8h 7L/kg Hepatic 97% Renal 27% 11h 11.1
Etoricoxib 1.5h 1.9L/kg Hepatic Renal 22h 4.9
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PHARMACOKINETIC PARAMETER (3)

NSAIDs Effects of Food
Ibuprofen T Tmax
Ketoprofen T Tmax, | Cmax
Diclofenac Na (IR) 1 Tmax, | Cmax (ER) 1 Tmax, 1 Cmax
Diclofenac K T Tmax, | Cmax
Piroxicam T Tmax
Meloxicam ~ Tmax and Cmax
Ketorolac High fat meal 1 Tmax, | Cmax
Mefenamic acid ~ Tmax and Cmax
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NSAIDs COX SELECTIVITY

More COX-1 Selective Nonselective 5-50 fold COX-2 Selective > 50 fold COX-2 Selective
Ketorolac Ibuprofen Diclofenac Etoricoxib
Ketoprofen Celecoxib
Acetocal (aspirin) Meloxicam
Piroxicam

Gl Adverse Effect ()  CV Adverse Effect

Dyspepsia (organic aads) Myocardial infaction
Nausea/ vomiting

Ischemic stroke
Gl ulcer /\‘

: Primary Insult Secondary Insult
Gl bleeding Direct acid damage Prostaglandin inhibition
v \ / (inGltract)
' y MNausea Diarrhea M J Gl disturbance

[ Dual insult 1

| Gastric damage I
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SYSTEMATIC REVIEW o a0/ 12100121127

Adis © 2012 Castellsague et al.. publisher and licensee Springer Infernational Publishing AG.

This is an open access arficle published under the terms of the Creative Commons License
Attribution-NonCommercial-NoDerivative 3.0 (http://creativecommons.org/icenses/by-ne-nd/3.0/)
which permits non-commercial use, distribution, and reproduction

provided the original work is properly cited and not altered.

- 100 -
Individual NSAIDs and Upper
Gastrointestinal Complications
A Systematic Review and Meta-Analysis of Observational
Studies (the SOS Project) 18.5
ey 115
+T.4

Gl bleeding, peptic ulcer,

duod [ lesi +2‘9 433 *3,5 43.8 +3.9 4§41 +4_1 $4.4
uodenat Lesion,

Pooled relative risk log scale

Using any NSAIDs increase risk
of GI Toxicity, as high as 11.5
fold!! (KETOROLAC) 0.1 S N P U R A P e S LU LI ST
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DOSE DEPENDENT Gl TOXICITY

Using piroxicam
-— >20 mg/ day
increase risk of Gl
toxicity by 20x
o 9203
% 10 - +?.g +54 e85 +E.9
- +42 Y YX:
Ibuprofen <1200 3 x 400 mg o = jsz +2Lg +3.2
% $1.9 +2.u +2‘ +2"5
814
Diclofenac <100 2 x 50 mg :g 1 .
Ketoprofen <150 2 x 50 mg
Piroxicam < 20 1x 20 mg > ' ' ' ' ' '
= O 9 9L 9P 90 9P 9H» 9¥
R é:pé\\b @?ﬁ% 3;9*? ﬁ;b é{ap “&\b @ﬂﬁ&:& @""é\n*g{:b @‘a{\é‘é\\b _ﬁ‘-ff ¢
S FF 9 T S T T

NSAIDs
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TOXIC COMBINATION

e 12 fold increase of Gl bleeding!!
— Combining NSAIDs with Corticosteroid | +rooied on all datasets
E 14.00 : - may harmful mPooled on 6 datasets (without IPCI)
: : l
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If Possible avoid
combining NSAIDs
with

- other NSAIDs

- Corticosteroid

- Anticoagulant

- Aldosteron ant.
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NSAIDs AFFECTING CARDIOVASCULAR SYSTEM

Rate ratio Rate ratio
(95% credibility  (95% credibility
Myocardial infarction interval} interval)
Naproxen 4i> 0.82 (0.37 to 1.67) Mechanism
Ibuprofen #— 1.61(0.50105.77) - Fluid and Sodium retentention
Diclafenac i 052029220 - Increasing blood pressure
Celecoxib —— 135(0.71t02.72) - Affecting platelet agregation
Etoricoxib ) 0.75 (0.23 to 2.39)
Rofecoxib _._ 2.12 (1.26 to 3.56}
Lumiracoxib ——m— 200 (0.71 to 6.21} How to manage?
Stroke .
Naproxen 1 176(0.91103.33) - Use lowest dose possible
Ibuprofen | . 3.36(1.00 to 11.60) - Use shortest duration possible
Diclofenac — - 2.86(1.09 to 8.36) — Avoiding use in unstable PX.
Celecoxib - 1.12 (0.60 to 2.06) - Closely monitor and adjust if necessary
Etoricoxib 4 2.67(0.82t0 8.72)
Rofecoxib _._ 1.07 (0.60 to 1.82)
Lumiracoxib — B 2.81(1.05to 7.48}




o O
ANT\MKRO J

- «
5&:;;/9;\@ GeMa CerMat
Gerakan Masyarakat Cerdas Menggunakan Obat
Therapeutic disadvantages Therapeutic advantages
of selected NSAIDs* of selected NSAIDs
Upper Gl disturbances Low cost; long
Aspirin
. Salicylate salts
No antipyretic Diflunisal Less Gl irritation
affect ) thamn aspirin
Acetic acids:
Indomethacin
Very potent; should be Sulindac
;‘“‘,d only :-ﬁﬁ' less Tolmetin Long half-life permits daily
QxIic agents nave B H H
pmnnginaﬂﬂtlw Propionic acids: or twice-daily dosing
‘ lbuprafen
CMS disturb
Mmoo Fenaprofen Lower toxicity and better
Flurbiprofen acceptance in some
Ketoprofen patients. Naproxen is
Naproxen considered by some experts
Oxaprozin as one of the safest NSAIDs
Oxicams:
Piroxicam
Meloxicam
Fenamates:
Mefenamic acid
. - Meclofenamic acid
fﬂ?::::‘dll_:ﬁ:}i'ﬂf:n . Less Gl irritation than
and strokes COX-2 inhibitor: aspirin
Celecoxib
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GASTRIC PHYSIOLOGY

Upper
esophageal
sphincter

Lower

esophageal
sphincter

Esophagus
Diaphragm

Stomach

, Esophageal
/ branch of left ?hurt |
i gastric arteries
Left gastric artery ;
Proper Common .
i hepatic arte gastric artery
hepatic artery p ry |

k!
L1
Right ¢
gastric artery ._ :
Gastro-
duodena
artery

Superior pancreatico-
duodenal arteries

Right gastroepiploic artery {

™ Left gastroepiploic artery

Widmaier, E. P, Raff, H. & Strang, K. T., 2016. Vander's Human Physiology. 14th ed. New York: McGraw-Hill Education.
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GASTRIC PHYSIOLOGY

A

Esophagus

Lower esophageal
sphincter (prevention
of reflux)

Body (secretes
mucus, pepsinogen,
and HCI)

Duodenum

Pyloric
sphincter (controls
emptying)

Fundus

Antrum
(mixing and
grinding;
secretes
mucus,
pepsinogen,
and gastrin)

Stomach lumen

Acid, infringic factor, pepsinogen

Mucous layer

— Mucous cells
{mucus,
bicarbonate
secretion)

= Parietal cells
(acid, intrinsic
factor secretion)

ECL cell
(hiztamine
secretion)

Chief cells
(pepsinogen
secretion)

Widmaier, E. P, Raff, H. & Strang, K. T., 2016. Vander's Human Physiology. 14th ed. New York: McGraw-Hill Education.
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GASTRIC PHYSIOLOGY
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v s) = Surface mucous cells
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Isthmus
el Mucous neck cells
Neck P
-
s =)
% = Parietal cells ‘
B
8
Endocrine cell
Basze
(fundus)

Chief cells

Stimulated

Canaliculus

H* K*—ATPase

Tubulovesicles

Active
pump

Gastrin

ACh Histamine

S Ito, RJ Winchester: J Cell Biol 16:541, 1963

SJ Hersey, G Sachs: Physiol Rev 75:155, 1995
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T |me pr_l <4=19 %(normal<42 %)

M R S S W R DR R O S TR 1R L 1 AR A S 87 A DA EF AR R A A A R RN B AR R N R AR R 1 1A KRR LR R 0 R SR R R

(a)

‘Fraction time pH <4 = 16 % (norm
J“I“mm.“mmmmmm'“mmmmmmmmmmmm-““.mmm“mm""“.‘mmmm““"”ﬂmml“mmm““
v’ ] -

Ll
(b)

a. Normal people Krishnan, K., Pandolfino, J. E. & Kahrilass, P. J., 2016. Gastroesophageal reflux disease. In: D. K.

b. PEOp'e with GERD Podolsky, ed. Yamada's Atlas of Gastroenterology. New York: John Wiley & Sons, p. 75.
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MUCOSAL DEFENSE AND REPAIR

Components involved in providing
gastroduodenal mucosal defense and repair

Tarnawski A. Cellular and molecular mechanisms of mucosal defense and
repair. In: Yoshikawa T, Arakawa T. Bioregulation and Its Disorders in the
Gastrointestinal Tract. Tokyo, Japan: Blackwell Science, 1998:3-17
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1
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_ = O] Surface epithelial cells secrete
L mucus, bicarbonate, generale
. prostaglandins, heal shock
@ proteins, trefoll peplides, and
& (’) anfimicrobial catheliciding
: (2) Cell renewal from mucosal
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@
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(@) Amatine “tide”

@ Microcirculation through capillares
s mainained by continuous
generation of prostaglanding, nilnc
oxide, and hydrogen sulfide that
protect endothelial cells from injury
and preven! platelet and levkocyte

aggregatcn

@ Sensory nerves. Gasine muecosa
and submucosal vassals ara
innervated by primary afferent
SBNSOMY NAUIONS And Nerves
forming a dense plexus at the
mucosal base. The nerve libers
from this plexus enter the laming

propra {(acoompa capillary
véssals) and end ]nl?;%ﬂﬂ
surtace epithelial cells
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MUCOSAL PROTECTION

a Gastric lumen Mucus Surface epithelium
Mucus film g
PEpsin sl
H* >
b
HCO; secretion
Pruatagandma
pH1 pH3 pH7 /
H* «—4}— HCO,
E!uﬁenng /
HCO; +H" — CO, + H,0 |
EGF
c (in saliva)
Epithelial barrier \‘ Blood supply
D
d g :
Mucosal blood perfusion. "7t + H -=r--~ v

Silbernagl, S. & Lang, F., 2016. Color Atlas of Pathophysiology. New York: Thieme.
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The relationship between gastric secretory rate, intragastric pH, and volume

of gastric contents during a meal.

40 ~ - 800
hY " .
30 \ /-— Rate of acid secretion L 600
\

£ ] - §
4 c
L 20 - 400 3
o m
g q | | &
/ Volume in -

10 - / stomach L 200

Johnson LE. Essential Medical Physiology, 3rd ed. Philadelphia, Academic Press, 2003
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COMPARISON OF COMMON FORMS OF PEPTIC ULCER

Characteristic H. pylor Induced NSAID Induced SRMD

Condtion Chronic Chronic Acute

Site of damage Duodenum > stomach Stomach > duodenum Stomach > duodenum

Intragastric pH More dependent Less dependent Less dependent

Symptoms Ustally epigastric pain Often asymptomatic Asymptomatic

Ulcer depth Superfical Degp Most superficia

(I blegding Less severe, single vessel More severe, single vessel More severe, superficial mucosal capilanies

H. pylor, Helicobacter pylon; NSAID, nonsteroidal antinlammatory drug; SRMD, stress-related mucosal damage.

Love, B. L. & Mohorn, P. L., 2016. Peptic Ulcer DiIsease and Related Disorders. In: J. T. DiPiro, ed.
Pharmacotherapy: A Pathophysiologic Approach. New York: McGraw-Hill Education.



S &
ANTIMIKROBA '*
e /A
e\qa.;a/\?,\\@ GeMa CerMat

Gerakan Masyarakat Cerdas Menggunakan Obat

ACID SUPPRESIONS IN PREVENTING PEPTIC ULCER

Intragastric pH

Physiologic Activity

23.5
>4.0
24.5
5.0
5.1-7.0
>6
27.0
28.0

Decreased incidence of stress-induced bleeding

Target pH - Prevention of stress related mucosal bleeding
Pepsin inactivation

99.9% acid neutralization

Alterations in coagulation and platelet aggregation

Target pH - Prevention of pepticulcer recurrence

Potential decrease in incidence of rebleeding
Pepsin destruction

Dicyclomine blocks the
cholinergic receptor.

Misoprostol stimulates the

prostaglandin receptor.

Cimetidine blocks the
H,-histamine receptor.

2Rased on in vitro and anima

| studies.

Hlstamlne Prostaglandin E;

ll;m ITH:‘IHHII]E 11 ERRAA, I‘l Fl.l.l Il.:ll‘ll’ ﬁﬁﬁ&
?0 OE
|

--111H ATP d\MP ‘
©

Acetylcholine

Omeprazole blocks

o © ‘
proton pump.

[ Protein kinase (activated) ]

B A AR EA A

LUMEN OF STOMACH

Ht
Gastric acid
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Muscarinic

Gastrin antagonists
: EONGY AN < .
ACh e o
+ Cl Cl

GRP antagonists

CCKy CaZ*-dependent
¢ \ pathway
\:ﬁ

— HIST—P>| H,

/”

ECL cell

\+ cAMP-dependent + ﬁ?;l-i':;e —— Proton pump
* inhibitors

>+
— th
/ P H*+—— Antacids

ACh l >
A Parietal cell f Bismuth
I
géi?j?w'—" iglEz ; I Metronidazole
¢ Misoprostol H. pytari — < Tetracycline
ENS i Clarithromycin
Muscarinic Arnaxicillin
antagonists
+ Mucus
\+

N | neuron
M4 s { Sucralfate
i o il |
tect Carben-
/, v e oxolone
Pirenzepine @—(ACh

+ ———HCO;~
Superficial epithelial cell

&

s . AN = 4
Mucous layer Gastric lumen
pHY pH 2

Sharkey, K. A. & MacNaughton, W. K., 2018. Pharmacotherapy for Gastric Acidity, Peptic Ulcer, and GERD. In: L. L. Brunton, R. Hilal-Dandan & B. C. Knollmann, eds. Goodman & Gilman's The
Pharmacological Basis of Therapeutics. New York: McGraw Hill Education.
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ANTACID (ANTI - ACID)

Contituent Neutrall.zmg Salt Formed in Solubility of Adverse Effects
Capacity Stomach Salt
NaHCO, High NaCl High Systemic alkalosis, fluid retention
caco, Moderate cacl, Moderate Hype.rcalcemla, nephrolithiasis, milk-
alkali syndrome
Al(OH), High AICl; Low Constipation. hypophosphatemia
Mg(OH), High MgCl, Low Diarrhea, hypermagnesemia

Sharkey, K. A. & MacNaughton, W. K., 2018. Pharmacotherapy for Gastric Acidity, Peptic Ulcer, and GERD. In: L. L. Brunton, R. Hilal-Dandan & B. C. Knollmann, eds. Goodman &

Gilman's The Pharmacological Basis of Therapeutics. New York: McGraw Hill Education.



» Less effective than PPl or H2RA

» But widely available, relatively cheap and have rapid action

» Determinant of effectiveness = ANC (acid neutralizing capacity)
» ANC Suspension > ANC Tablet

I » USP ANC test (in vitro) 2 pH > 3.5 in 15 min

» Some preparation can achieve gastric pH as high as 8, but mainly
atpH3-5forupto1.5-3h

» Aluminum-magnesium compounds appear to provide steadier
buffering than carbonate compounds

I> Antacid may alter gastric pH and urine, also chelating others

substance = potentially affect ADME other drug(s)




eg“akan

ANTlN\\KROBA

NG

N
Scara®

it

%,

o

GeMa CerMat

Gerakan Masyarakat Cerdas Menggunakan Obat

H2RA

Dose to Achieve Usual Dose for Acute Usual Dose for Usual Dose for
=50% Acid Inhibition Duocdenal or Gastric Gastroesophageal Prevention of Stress-
Drug for 10 Hours Ulcer Reflux Disease Related Bleeding
Cimetidine 400-800 myg 800 mg H5 or 800 mg bid %0 mg/h continuous
400 myg bid infusion
Ranitidine 150 mg 300 mg H5 or 150 mg bid 6.25 mg/h continuous
150 mg bad infusion or 50 mg IV
every 6-8 h
Mizatidine 150 mg 300 mg H5 or 150 mg bid Mot available
150 myg bid
Famotidine 20 mg 40 mg HS or 20 mg bid 20 mg bid 20mg IV every 12 h
CHZCHzNH;
p . - Reversibly bind to H2 receptor in parietal cell

HISTAMIMNE

H,C.  CH.SCH,CH,N—CNHCH,

H M
T

I
HN—C=N

CIMETIDINE

- May develop tolerance after 72 h

Drug
Burimamide
Metiamide

Cirnetidine

Drug
Ranitidine

Mizatidine

}:(A\xAVNTNHCI-h
HN\#N b
Trade name R X Y
H CH 5
CH 5 5
1
Tagamet CH, 5 MN=C=MN
H MNHC
e e o Ha
H'E‘NDZ
Trade name Ar
Zantac CHy
N
ic '\.—-@\
Axid CHy g
N
N - S0sNH;
|
;;b N 5"“‘--"L“‘r\||-|2
HaM M"{S

Farnotidine (Pepcid)
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Geraka

H2RA PHARMACOKINETIC

Characteristic Ranitidin Cimetidin Famotidine Nizatidine

Higher potency # higher efficacy

27
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» Cimetidine have many interaction with other drug(s) due to
capability to inhibit CYP.

» |If possible use ranitidine or famotidine especially when patients
also receive warfarin, theophylline, phenytoin, lidocaine,
clarithromycin .

l » Anti-androgen - gynecomastia (long term therapy > 1 mo) \
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PROTON PUMP INHIBITOR

Blood /_._. ° '/r'_' CYP3A4 (] —T._'. pH=T74
-]
Intastlu;e PPl ©
P-gp © oA ©CYP3A4 ° et ‘
e [~ ] AT Pase
C]
'.. o9
©¢ Oral Intravascular A Hoach
administration administration pH=T71 TPase ATPase,
R
PPI Active 4
pumps_
HK* R Q>_N Ry
TPase ‘@‘NX 2 .
H, Rz
H cH2 Ha Ho—§
S_ pH<2

Sporo intermed late Sulfenic acid Jr H,O

. W@IWQ%HL ok @g%

Benzimidazole Pyridine EE F
molety molety e 3 H s—Ch, Re s—CH, R
pK, = 4 ATPase Disulfide adduct Cyclic sulfenamide
Resting by ATPass
pump 4?&“ HE K
TPasa
R, R, R, R, Bloc e
um
Omeprazole/ | oy 6 | CH, CHO  |CH, aana "
esomeprazole
Lansoprazole | H CH, CF,CH,0 H
Pantoprazole |CF,HO | CH,O CH,O H
Rabeprazole H CH; | CHy;O(CH,):0 | H

Stedman, C. A. M. and Barclay, M. L. (2000), Review article: comparison of the pharmacokinetics, acid suppression and efficacy of proton pump inhibitors. Alimentary Pharmacology &

Therapeutics, 14: 963-978.

Cytoplasm

Lumen
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Cara

PROTON PUMP INHIBITOR

OR5
M—5
UM}_ ,CHTNT
H chiral center
Trade
Drugs name X R, R, FE_1
Omeprazole Prilosec CH OCH CH CH

3 3 3

Esomeprazole Mexium CH 'DCHJ 'CH_II 'l:H_II
(S-enantiomer)

Tenatoprazole M OCH CH CH

3 3 3
Lansoprazole Prevacid CH H EH_. {:H_1\CF_II
Dexlansoprazole Dexilant CH H EHJ CH,C F,

[R-enantiomer)

Rabeprazole Adphex CH H EH_. [EHJ_.'DD'I_.

Pantoprazole Protonix CH OCHF, OCH CH

= 3 3

2-pyridylmethyl

5% } sulfinyl

HI
CH

3
CH /

3

benzimidazole
CH,
H Proton Pump Inhibitor pKal pKa2
H Omeprazole/esomeprazole 4.06 0.79
Lansoprazole 3.83 0.62

H Pantoprazole 3.83 0.11
H Rabeprazole 4.53 0.62




PROTON PUMP INHIBITOR

I » A Prodrug, stay inactive during absorption and distribution

» Accumulate in the parietal cell canaliculus by more than 1000-
fold its plasma concentration due to Handerson-Hasselbach

trapping
» lrreversibly bind to H*/K* ATPase by disulfide bond

I » Not all proton pumps inactivated with first dose

» Maximal suppression in 2 — 5 days with once daily dosing
» Acid secretion suppressed for more than 48 h until new proton
pumps are synthetized

l » PPl may alter gastric pH = potentially affect ADME other drug(s) \
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ANTIM

/SN
SUCRALFAT

()

» Sucralfat breaking down to sucrose sulfate (negatively charged)
in acidic environment (preferably at pH < 4)

o ROHL o GHOR

ROCH;
— M AC
» Bind to positively charged protein in the base of ulcer erosion mmnm

> Forming physical barrier N
» Stimulate mucosal PG Sucralfate R = SO4[AL(OH)s)
» Stimulate bicarbonate secretion

l » Sucralfate binding to ulcer persist up to 6 hours

» Sucralfate may bind to other medication given orally, impairing
their absorption
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