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Abstract

Objective: To develop a prototype Instructor-Provided Highlighting with Structured Question Prompts (IHSQP)
tool for article-based pharmacology learning as a reading scaffold that integrates instructor-marked evidence locations within
an article with a progressive set of structured question prompts, and to systematically describe the tool structure,
development process, and internal quality assurance. Methods: This study was Phase 1 of a two-phase design study.
Phase 1 focused on developing and specifying the prototype tool before its evaluation with learners in Phase 2. The design
was informed by Cognitive Load Theory, signaling principles, structured instructional scaffolding, and outcome-based
education. The development process consisted of seven steps: context and learning-outcome analysis, specification of
activity-level learning outcomes, selection of a source article, construction of a question blueprint, development of a master
evidence workbook, preparation of IHSQP tool documents, and internal quality assurance. Results: The development
process resulted in a prototype IHSQP tool for the pharmacology of antiglaucoma medications. The tool consisted of
student-facing and instructor-facing documents. It included five progressive task blocks with four questions per set,
comprising 20 structured question prompts, sequenced from foundational understanding to clinical reasoning related to
treatment decisions. The highlighted article contained 58 evidence units. The source of each unit was identified as either
evidence from the source article or author-created visual scaffolds. Internal quality assurance confirmed that all evidence
units were traceable to their original sources and that every question was supported by sufficient evidence for answering.
Conclusion: IHSQP is a prototype reading scaffold that systematically links questions, evidence, and pharmacological
reasoning. lts design rationale and development process are transparent and traceable, providing a foundation for
subsequent evaluation with students in Phase 2. However, the prototype has undergone only internal quality assurance by
the research team and has not yet been evaluated for content validity by external experts.

Keywords: article-based learning, pharmacology, instructor-provided highlighting, structured question prompts, cognitive

load theory, outcome-based education
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288199 NLANA1TIINVEY IHSQP (AAULUKINUNANUVEY Virani ez Rewri (Future Pharmacol. 2024:4: 395-419)
4.3. Carbonic Anhydrase Inhibitors

Carbonic anhydrase inhibitors (CAls) belong to sulphonamide compounds and are
the only class of [OP-lowering drugs that are available in both topical and systemic formu-
lations for glaucoma treatment. Topical as well as systemic CAls lower the I0OP by reducing

e k= A i aqueous humour formation by inhibiting the enzyme carbonic anhydrase II (CA II) iso-
ool PRY form in the epithelial cells of ciliary processes [51]. m

8.0 doa sl amicia combtnet vith a resultant decrease in sodium an
W Systemic CAls are non-selective and
inhibit CA Il and CA IV isoenzymes. The non-selective inhibition of CA isoenzymes by
oral acetazolamide accounts for a greater IOP reduction compared to topical CAls [53].

Their role in improving ocular blood flow has been studied in humans [30,31]. In a topical
form, two drugs are available: dorzolamide 2% and brinzolamide 1%.

5. Uveoscleral Outflow Drugs
Prostaglandin Analogues

The PGF2a subtype of FP receptors and the EP2 subtype of EP receptors [54] regulate
IOP. The circular muscles and collagenous connective tissue of ciliary tissue have both
PGF2a and EP1 receptors. Through the activation of these receptors, PGA increases the
expression of metalloproteinases 1, 2, 3, and 9 in human ciliary muscle cells [55,56]. The
increased level of metalloproteinases results in the remodeling of the extracellular matrix
of the ciliary muscle bundles of the uveoscleral pathway, which augments the aqueous
outflow [57]. Of the PGF2« analogues, bimatoprost is an amide prodrug; the rest are ester
prodrugs of the corresponding acids, including the PGEP2 receptor analogue OMPI. These
drugs are hydrolysed by corneal esterase into biologically active agents [58-60]. The OMPI
is supposed to increase aqueous outflow through both the trabecular meshwork and the
uveoscleral pathway [61].

(T4-Q1 | PG/EP2 -> up MMP -> 13U ECM)

6. Trabecular Outflow Drugs
6.1. Cholinergic
Cholinergic or parasympathomimetic drugs mediate their pharmacological effects
through the direct stimulation of muscarinic receptors located in the ciliary muscle and
iris sphincter. Of the five subtypes of receptors, the iris—ciliary body-trabecular meshwork
ot [ ke e in human eyes predominantly has M3 types of muscarinic receptors [62,63]. The direct
w ;1 PRocarpine (M3) -> TM M 1 stimulation of these receptors contracts ciliary muscle, which pulls the scleral spur, resulting
in the widening of the trabecular meshwork lamellae and an increase in the aqueous

T3-01 | parasympathomimetic (Juny

/ Q\ / ° \ / °. 2 H \ i‘l?i’ﬁa’llﬂﬂ%ﬂﬁ'ln’l&l color ke\
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. . - » K
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LLO4 autonomic pharmacology:B-bIockers -B1vs Bz,selectivity & safety

AALRBNUNAMNABULL T2-Q2 ANMNTUTILATIFIT (Structure question prompt)
o . £ o
unanad3ia %A T2 -nalnn1saangns uaz anadlaaaiy

Y4

Glaucoma pharmacotherapy aTLNEAMULANGING receptor selectivity Uad timolol N1 betaxolol
Virani & Rewri (2024)

U8z LHAWAN betaxolol ﬂaaﬂn‘”ﬂn’jﬂmjﬂ’m asthma waz COPD

) N3TUIMNIIAA Revised Bloom’s Taxonomy
NITEINHIAIDN Bloom ¥ .
L matszgndlfuaznaliinana
Blueprint
W 5 gaday 20 9a
wrassaagg 1 90 T2-Q2 ence unit WkIBWANZIH VBIADN T2-Q2 3 ik

J

l\

4.1 Beta-Adrenergic Antagonists

EU-T2-Q2-01 SELECTIVITY (timolol =non-selective (31+[32), betaxolol = B1-selective

EU-T2-Q2-02 AFFINITY betaxolol 31 $1 usenin B2 ~20 v

o o N EU-T2-Q2-03 SAFETY BZ blockade ﬁniﬁmi{aﬁuumamu —> bronchospasm; EuLLidwuﬂaun’i’l
NIFAIIANAKRANI TN ' )
a @ ugn non-selective — COPD/asthma .......
aNa 3 NUINANTIN v= \
321 WA T2-Q2 =

Funianivusia unsafian ( o q . \
) INEAINN + descriptor

[T2-Q2 | non-selective: Timolol beta1/beta2]

Non-selective ocular beta-blocker drugs like timolol inhibit both |31 and |32 receptors

IariLanans IHSQP [T2-Q2 | betaxolol: beta1 affinity §9]
lalad@inae T2 + 395 [T2-Q2] N Betaxolol has a 20-fold higher affinity for B1 receptors than for B 2-receptors
s:i.qliﬁ'ﬁﬁﬂmu I dnafunuga [T2-Q2 | beta2 block -> ﬁaamauwmng\a]

) \The bronchospasm seen with beta-blockers is due to the presence of B 2-receptors )

4 .
N\ LIAINBUNAIANS Expected key points
nqiﬂigﬁ’%qmﬂflw timc:lol il nor:selective &1 betaxolol Lianau B1 annndn
- Fadasns B2 Mvaanay — Usaananitludils
avemaunangulwanas _ o
snippet/ anchor phrase = 1 EU/D e
descriptor saanday lidvindnay nsuszidin afunuiBanana 1awles receptor selectivity
) 4 a 4 o .
— anuiEnsann B2 blockade — iranansidansfilaaanunia
\

s 2. mwaa@ﬂﬁmL‘Tiﬂmqaﬁ”mmaawaé’wﬁmsﬁ'wj Ao uazszuunangule3asida IHSQP (1o T2-Q2)
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T2-Q2 PLOf1; a3UN8ANULANGINIAH receptor ﬂi:igﬂ@ﬂ*‘ﬁ/ B1/B2 selectivity, timolol 1w non-selective B- ITYAMWUANGII VDY receptor
CLO: selectivity U8J timolol L&z Iﬁmqwa systemic adverse blocker Uuefi betaxolol §14W1z  selectivity Vlﬁgﬂﬁau wazdanlos B
K3, K6; betaxolol Lmﬂﬁmqwadwmqsl@ effects of B-blockers;  @a 31 a1nnin mivl,&iaammﬁ?{ blockade fuAINAILAEIda broncho-
LLO: betaxolol 39 Uaaasuninlugils source article da B2 TrwaannaFsde ms  spasm uazanwilaaasiy lugdile
LLO1, asthma/COPD \fi@ bronchospasm 59819 asthma/COPD 'laiatnaifluing 1iu
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COPD w2138 IOP %agnin
T3-Q2 PLOf1; a%mmw;wamamé’m?wmﬁ ﬂszqﬂ@ﬂ“ﬁ/ Muscarinic receptor, pilocarpine ﬂi:@j/u muscarinic L%auIm ciliary muscle contraction
CLO: pilocarpine v #iAia brow ache adune ciliary muscle receptor il ciliary muscle A %38 accommodation spasm Ny
K3, K4; LR transient myopia a1N7 Luw S contraction, ANIaLNA accommodation brow ache L8z transient myopia 1o
LLOLLOA, Uszaen accommodation spasm 398191 1¥iAia brow ANADINNNANTIU
LLO4 spasm; source article  ache LLa:ﬁwlﬁLauﬁtﬂﬁﬂugﬂiwa

[ visual scaffold

FIAT1L1A transient myopia
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INR NRANT fmadihlagda NITUIN WIERANZIN / Uszifudnaufiaanis inoulaeLiin
RRTIRFY ﬂ’ﬁﬁﬂuf n3Aa wAsafian
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CLO: latanoprostene bunod WAZLEWNY I analogue, nitric oxide ~ XBIEIW laun latanoprost acid analogue Wae nitric oxide
K3, K7; i nitric oxide LRNN1ITZLY pathway, trabecular nizeu FP VL@TQﬂ@Tad LLazgsmWﬂ’umamaaﬁi‘laaa
LLO: aqueous humor and uveoscleral receptor \WaLAa uveoscleral pathway @an1saa 10P laatnadu
LLO1, outflow; source article  outflow LLag nitric oxide m@lLﬂuNa
LLOS3, ﬂi:éju sGC/cGMP pathway ¥in
LLO5 1% trabecular meshwork aae
A LLa:Lﬁlu conventional outflow
T5-Q2 PLOf; 3Lﬂi’1:ﬁm<§;mﬁ' prostaglandin ATZAURE  First-line therapy prostaglandin analogues a® wWisuineulseaninw MINLAN
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2 o [
adverse effects 39¥i 14
prostaglandin analogues L#31e

1w first-line therapy

RABLAA: PLO = program learning outcome; CLO = course learning outcome; LLO = lesson learning outcome; IOP = intraocular pressure

& PLO/CLO a;ﬂmﬂLaﬂmwﬁhqmua:iwua:LSmmm%’maqamﬂ'uﬁﬁﬂm (34,35); source article BANBTIUNANUABLLLVEY Virani Waz Rewri; visual scaffold
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