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ABSTRACT

Drug information centers (DICs) are institutions dedicated to providing independent and up-to-date information on medications
and their usage to healthcare professionals. Here, we provide an update from the clinical-pharmacological DIC of Hannover
Medical School, covering the period from April 2022 to December 2024. In total, 438 queries were evaluated. Potential differ-
ences between patient-specific and general queries were analyzed with Pearson's chi-squared test or Fisher's exact test. The
Holm-Bonferroni method was applied to counteract the problem of multiple comparisons. A curated selection of ten clinically
interesting and educational queries is presented and discussed. 85.2% of the queries were patient-specific, and 95.7% were submit-
ted by physicians, predominantly internists, psychiatrists, and surgeons. Indications/contraindications, adverse drug reactions,
and pharmacodynamic interactions (PDIs) represented the three most frequent query categories. Compared to our previous
research, we observed increases in queries about pharmacotherapy in advanced age and drug use during pregnancy or breast-
feeding. As compared to general queries, patient-specific queries were significantly more often related to indications/contrain-
dications (26.2% vs. 49.6%; p <0.001) and PDIs (24.6% vs. 44.5%, p=0.003) after adjusting for multiple comparisons. The query
characteristics remained relatively stable between our previous investigation and the current analysis (2022-2024), in particular
with respect to type of queries, profession of inquiring healthcare professionals, medical specialties of inquirers, and query cate-
gories. Changes mainly pertained to higher proportions of queries about pharmacotherapy in advanced age and drug use during
pregnancy or breastfeeding.

Abbreviations: ADR, adverse drug reaction; AUC, area under the curve; AWMF, Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften
(Association of the Scientific Medical Societies in Germany); Bumps, Best Use of Medicines in Pregnancy; CDC, Centers for Disease Control and Prevention; C
maximum concentration; CYP, cytochrome P450; DI, drug information; DIC, drug information center; ESMO, European Society for Medical Oncology; GFR,
glomerular filtration rate; HCQ, hydroxychloroquine; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; no, number; PCSK9, proprotein convertase
subtilisin/kexin type 9; PDI, pharmacodynamic interaction; PFIC, progressive familial intrahepatic cholestasis; PKI, pharmacokinetic interaction; PPI, proton pump
inhibitor; RKI, Robert Koch Institute; SAP, Systems, Applications, and Products in Data Processing; SmPC, summary of product characteristics; SSNRI, selective
serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TACE, transarterial chemoembolization; TDM, therapeutic drug
monitoring; US, United States (of America).
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1 | Introduction

Drug information centers (DICs) are institutions dedicated to
providing unbiased, independent, and up-to-date information
on medications and their usage, communicating with various
groups of healthcare professionals to enhance patient care and
to promote rational drug use [1-3]. In 1962, the first DIC world-
wide was established at the University of Kentucky [2, 4, 5],
with many other DICs following in the United States (US) and
Europe from the 1960s to 1980s [1, 2, 5-7]. Today, DICs exist
in most countries around the globe, including emerging nations
like Uganda [8], Ethiopia [9-11], Brazil [12], Nepal [13], and
India [14-18].

DIC staffing and operations vary significantly between coun-
tries. In the US, DICs are typically pharmacist-led, responding
to DI queries mainly by phone [2, 19, 20]. European DICs are
often headed by clinical pharmacologists or similarly qualified
physicians, and are operated jointly by physicians and phar-
macists [2, 6, 7, 20, 21]. However, numerous pharmacist-led
DICs also exist in Europe [2]. Due to their university hospital
affiliations, European DICs also often involve visiting physi-
cians and medical students [2, 22]. European DICs generally
offer written responses alongside verbal communication with
inquirers [2, 22].

A plethora of reports from DICs located in emerging countries
[8-12, 14-18] and Scandinavia [6, 20, 23-26] were published
over the last few years; however, there was a notable shortage
of studies from central Europe, particularly Germany [2]. The
most recent data from German clinical pharmacologist-led
DICs dated back to Troger and Meyer (2000) [27] and Schwarz
et al. (1999) [28]. In 2022, to address this information gap, we
analyzed 594 queries received by the clinical-pharmacological
DIC of Hannover Medical School, a tertiary care university
hospital in northern Germany, between October 2018 and
April 2022 [2]. We found that the majority of queries were
submitted by physicians (96.1%), predominantly internists
(31.1%) [2]. 82.8% of the queries were patient-specific, as op-
posed to 17.2% general queries [2]. Adverse drug reactions
(ADRs), indications/contraindications, and pharmacody-
namic interactions (PDIs) represented the three most frequent
query categories [2]. Compared to general queries, patient-
specific queries more often addressed ADRs, PDIs, and
pharmacokinetic interactions (PKIs) [2].

In 1999, Schwarz and co-workers posited that “the periodical
analysis of the types and sources of enquiries may point to
latent problems and needs in the medical community” [28], a
statement that is still valid today. Therefore, we here provide
an update from our DIC that covers the period from April 2022
to December 2024. We sought to compare the characteristics
of DI queries with our previous investigation [2] and other
German as well as international studies. We aimed to examine
differences between patient-specific and general queries and
sought to delineate potential changes over time. Additionally,
we present and discuss a curated selection of clinically com-
plex and educational queries our DIC dealt with during the
study period.

2 | Methods
2.1 | Ethics Statement

This study was approved by the Ethics Committee of Hannover
Medical School (No. 11267_BO_K_2024) and adheres to the
Declaration of Helsinki (1964) and its later amendments (current
version dating from 2024).

2.2 | Operational Procedures
of the Clinical-Pharmacological Drug Information
Center of Hannover Medical School

The operational procedures of the clinical-pharmacological DIC
of Hannover Medical School were elaborated in detail in our
publication from 2022 [2]. In brief, the DIC of Hannover Medical
School is a specialist pharmacotherapeutic consultation service
for healthcare professionals at Hannover Medical School and af-
filiated academic teaching hospitals. The DIC is staffed by two
senior physicians (a clinical pharmacologist and an internist),
a resident in clinical pharmacology, and a clinical pharmacist.
Healthcare professionals submit queries to the DIC through the
hospital information system SAP (Systems, Applications, and
Products in Data Processing, Walldorf, Germany) or via e-mail.
The resident or clinical pharmacist handles these queries, oc-
casionally aided by visiting physicians or medical students. If
important clinical data (e.g., about the patient's medication or
comorbidities) is lacking, the inquirer is contacted for additional
information. Subsequently, a thorough literature review is con-
ducted, utilizing summaries of product characteristics (SmPCs),
medical databases, current editions of standard textbooks of
pharmacology and clinical pharmacology, as well as drug in-
formation and interaction software (e.g., AiDKlinik (Dosing
GmbH, Heidelberg, Germany)). A written response is prepared,
reviewed, countersigned by a senior physician, and delivered to
the inquirer within one to three workdays. In urgent cases, a
preliminary response is communicated by phone. To maintain
quality standards, all queries and responses are presented and
discussed at weekly pharmacotherapeutic case conferences,
which are also attended by external physicians and medical
students.

2.3 | Data Acquisition

For the current update, all queries submitted to the clinical-
pharmacological DIC of Hannover Medical School between 1
April 2022 and 31 December 2024 were examined. Similar to
our previous publication [2], the following parameters were an-
alyzed for each query:

« Origin of the query: Hannover Medical School; academic
teaching hospital; private practice; other.

« Type of query: patient-specific (i.e., queries concerning in-
dividual patients) or general (i.e., queries of common phar-
macological interest or queries concerning more broadly
defined patient populations such as pregnant women).
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« Age and sex of the patient (assessed solely for patient-
specific queries)

» Medical specialty of the inquiring healthcare professional.

+ Query categories (assignment of more than one category per
query was possible): adverse drug reaction (ADR); indica-
tion/contraindication; posology/dose adjustment (e.g., due
to renal or hepatic insufficiency); therapeutic drug monitor-
ing (TDM); pharmacogenetics; pharmacodynamic interac-
tion (PDI); pharmacokinetic interaction (PKI); pregnancy
and breastfeeding; pharmacotherapy in advanced age (i.e.,
patients > 65years); other.

Of note, the category “pharmacotherapy in advanced age”
was not directly assigned to all queries concerning patients
of chronological age > 65years, but solely to queries that ex-
plicitly addressed pharmacotherapeutical aspects in older
individuals.

2.4 | Statistical Analysis

Descriptive statistical methods were used to summarize the
data. Quantitative variables are displayed as means + standard
deviations or as medians with interquartile ranges (IQRs) for
data that were not normally distributed. Categorical variables
are depicted as absolute and relative frequencies. Differences be-
tween general and patient-specific queries were analyzed with
Pearson's chi-squared test or Fisher's exact test, as appropriate.
The latter was preferred if at least one of the four cells of a 2x 2
contingency table had an expected frequency of less than five
observations. Fundamentally, p-values <0.05 were considered
statistically significant. To address the problem of multiple
comparisons and to reduce the likelihood of type I errors, the
Holm-Bonferroni correction method was applied. All statistical
analyses were performed with Microsoft Excel 2019 (Redmond,
Washington, USA) and IBM SPSS Statistics for Windows, ver-
sion 29 (Armonk, New York, USA).

3 | Results
3.1 | Number, Type, and Origin of Queries

In total, 438 queries were received by the DIC during the study
period. Of these, 85.2% were patient-specific, whereas the re-
maining 14.8% were general queries (Table 1). The majority
of queries were submitted by physicians (95.7%). 85.2% of que-
ries came from healthcare professionals working at Hannover
Medical School. Internists, psychiatrists, and surgeons most fre-
quently consulted the clinical-pharmacological DIC, submitting
28.5%, 17.6%, and 16.0% of queries, respectively.

3.2 | Patient Characteristics

Age and sex of patients were documented in 82.0% (306/373)
and 97.3% (363/373) of patient-specific queries, respectively.
The mean age of the patients was 54.0+22.4years (range 1 to
99years). 60.3% (225/373) of the patients were female (male:

TABLE 1 | Characteristics of queries received by the clinical-
pharmacological drug information center of Hannover Medical School
between April 2022 and December 2024 (n=438).

No. of

Variables queries %
Type of query

Patient-specific 373 85.2

General 65 14.8
Origin of query

Hannover Medical School 373 85.2

Academic teaching hospital 28 6.4

Private practice 15 3.4

Other (e.g., medical laboratories, 22 5.0

agencies, medical students not
affiliated with Hannover Medical
School, retired physicians, etc.)

Profession of inquiring healthcare professional

Physician 419 95.7
Dentist 4 0.9
Other (e.g., medical student) 15 3.4

Specialty of inquiring healthcare professional

Internal medicine 125 28.5
Psychiatry and psychosomatic 77 17.6
medicine

Surgery 70 16.0
Urology 41 9.4

Gynecology and obstetrics 40 9.1

Neurology 17 39

Pediatrics 13 3.0
Radiology and radiotherapy 12 2.7

Other 37 8.4
Not documented 6 1.4

Abbreviation: no., number.

37.0% (138/373); sex not documented: 2.7% (10/373)). Patient-
specific queries most frequently concerned patients aged be-
tween 51 and 70years (Figure 1).

3.3 | Query Categories

Indications/contraindications, ADRs, and PDIs represented
the three most frequently addressed query categories, being
involved in 46.1%, 42.5%, and 41.6% of all queries, respectively
(Table 2). Absolute and relative frequencies of query catego-
ries, stratified by specialties of inquiring healthcare profession-
als, are displayed in Table S1. In relative terms, ADRs and
indications/contraindications were most frequently addressed
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FIGURE1 | Age distribution of patient-specific queries (n=373) received by the clinical-pharmacological drug information center of Hannover
Medical School between April 2022 and December 2024. ND, not documented.

by radiologists/radiotherapists (100% (12/12) and 66.7% (8/12)
of all queries from radiologists/radiotherapists, respectively),
while queries concerning posology/dose adjustments and TDM
were most frequently submitted by urologists (58.5% (24/41)
and 24.4% (10/41), respectively). PDIs, PKIs, and pharmaco-
therapy during pregnancy and breastfeeding were most com-
monly referred to by gynecologists (62.5% (25/40), 57.5% (23/40),
and 32.5% (13/40), respectively). Pharmacogenetic topics
were most frequently inquired by pediatricians (15.4% (2/13)),
whereas pharmacotherapy in advanced age was referred to in
approximately every third query by surgeons (31.4% (22/70)).

3.4 | Comparison Between General and
Patient-Specific Queries

As compared to general queries, patient-specific queries were
more often related to ADRs (29.2% vs. 44.8%; p=0.019), indica-
tions/contraindications (26.2% vs. 49.6%; p <0.001), posology/
dose adjustment (10.8% vs. 25.2%; p=0.011), TDM (4.6% vs.
13.1%; p=0.050), and PDIs (24.6% vs. 44.5%; p=0.003) before
adjusting for multiple comparisons (Table 2). By contrast, the
query category “other” was more often addressed by general
queries as compared to patient-specific queries (21.5% vs. 10.5%;
p=0.011). After adjustment for multiple comparisons using
the Holm-Bonferroni correction method, only the differences
between general and patient-specific queries with respect to
indications/contraindications and PDIs remained statistically
significant.

3.5 | Examples of Clinically Complex Queries

To illustrate the clinical complexity of DI queries answered by
our DIC, we present and comment on a curated selection of ten
queries (Table 3). Those queries (and corresponding answers)
were selected subjectively by the authors based on their poten-
tial clinical interest and educational value to readers. The se-
lected cases are not intended to be representative of the entire
sample of queries analyzed in this study; they only serve illustra-
tive and educational purposes. Three of the ten selected queries
were (primarily) related to the pharmacological treatment of
rare diseases (cases no. 2, 7, and 10), two queries dealt with drug
indications/contraindications (cases no. 5 and 8), two queries

pertained to the management of drug interactions (cases no. 1
and 6), and one query each referred to pharmacotherapy during
pregnancy (case no. 3), pharmacotherapy in advanced age (case
no. 4), and pharmacogenetics (case no. 9).

4 | Discussion

In this study, we analyzed a total of 438 queries received by the
clinical-pharmacological DIC of Hannover Medical School over
a period of 33 months. Even though the sample size was around
26% smaller than in our previous investigation (study period
from October 2018 to April 2022) [2], the number of queries han-
dled per month by our DIC remained relatively constant over
time (13.3 vs. 13.8 queries per month, respectively). The sample
size of the present study lay within the range of other analyses in
the field, which displayed sample sizes between 55 and 744 que-
ries [3,9-11, 13-17, 26, 28-32]—and was considered appropriate
for an update from our DIC.

Interestingly, we found several similarities but also some notable
differences between our present and previous research [2]. The
proportion of patient-specific queries was comparable (85.2% vs.
82.8% [2]), physicians were the largest group of inquiring health-
care professionals in both studies (95.7% vs. 96.1% [2]), and also
the top three medical specialties that most frequently consulted
our DIC (i.e., internal medicine, psychiatry and psychosomatic
medicine, and surgery) remained the same. Physicians also
represented the group of healthcare professionals who predom-
inantly consulted DICs in other analyses [8, 9, 14, 23, 26, 31],
and internists in particular were among the main users of DICs
located in Dresden [28] and Munich, Germany [32]. Consistent
with our earlier research [2] but diverging from an older investi-
gation by Troger and Meyer (Magdeburg, Germany), we received
a notable proportion of queries (16.0%) from surgeons. This sub-
stantial percentage may point to the growing interdisciplinary
collaboration between medical and surgical disciplines that has
developed at Hannover Medical School in recent years [33].

The elevated level of specialization at our tertiary care univer-
sity hospital likely explains the consistently high proportion
of patient-specific queries (exceeding 80%). This observation
is in line with an analysis by Nilsson et al. from a university
hospital-affiliated Swedish DIC jointly operated by clinical

40f 15

Pharmacology Research & Perspectives, 2026



*J$91 108X S, 19USLq
'J$9) paIenbs-TYd S U0SILdJ,
“I9qUINU “*OU :UOT)BIAIqQY

‘0T = W sem suosrredurod

JO IOQUINU 3Y) PUE ‘GO"() JB JOS SBM 0 [9AJ] 20UBDIJTUSIS [[BIOAO Y L, "PAJB[NIBI 212/ 3OUBIJIUSIS [BINSIIBIS SUIWLINAP 0} "0 spjoysa1y) d1groads-dajs pue (1 S[qeLIBA I2JUN0D Y} £q PJOUaP SB) san[eA-d SUIPUIISE JO JPIO U PA}IOS S
9[qe} oY) ‘puUL SIY} 0, *S10113 T 9d£) Jo pooyTI[ay1] 9y} 9onpai 03 pue suostredurod sydnnur Jo woyqod ay) ssaippe o3 parjdde sem poyjour TuorIjuog-wioH Y[, "9[qrissod sem A1onb 10d £1089)0 dUO UEY) 210U JO JUAWUSISSY 2JON

(%) "ou—3urpaspiseaiq

ON 0S0°0 01 qc0t°0 T9e (L9) sz (@9 LT pue Lourugaid
ON S20°0 6 q0v€0 D1 s oc 8% 1C (%) "ou—sdneuagdodeuLIRyd
(%) "ou—oa3e paoueape
ON L10°0 8 ©990°0 T9c (zor) 8¢ (T'6) OF ur Kdeiapooewireyd
(%) "ou—uonoeIajul
ON €100 L 21S0°0 (T62) 61 (Tzv) LST (Tov)9LT orjPuIodRULIBY]
(%) "ou—3uriojruowr
ON 010°0 9 2050°0 (CRIK (T°€D) 6% (6°11) TS Snup onnaderay,
(%)
ON 800°0 S ¢610°0 (T620) 61 (8'¥) L9T (S'zh) 981 "0U—UO[1083I NIP ISIAAPY
ON L00°0 ¥ ¢110°0 10 ¥1 (s01) 6€ (T2 €8 (%) ‘ou—1910
(%) "ou—(Aouarorgnsut
onreday 1o TeUd1 03 Anp “39)
ON 900°0 € 21100 (801 L @so)v6 (1°€2) 101 jusunsnipe asop/A3010s0d
(%) "ou—uonoeIajul
SOX 9000 4 ¢€00°0 (9+v2) 91 (S'tt) 991 (9°1) 281 SrureuApooruLIRyd
(%) "ou—uonesIpureIIu0d
SoK S00°0 1 2100°0> (T97) L1 (9'6%) 81 (T'9%) Tot /uonesrpuy
isuostredwod (0I=w pue o 0=2» 1 (1apao (%81 ‘s9=1u) (%z°'ss (8sy=u) 1e10], A10893%0 19N
ordnmuu 103y yusunsnfpe PIM (T +1—ur)/0 ="0) Surpuaose sarronb rerouan ‘gL€ =u) sarronb
JI93ye Juedyrusrs poyjouwl rTuorIdjuog ur) anfea-d orjrdads-juaned
A[resnsne)s anyea-d —w[oH 03 Surpiodde
90uBILJTUSIS [BO1ISTIRIS
103 "o proysaayL,
"H70T I9qUIL09( pue

720 [11dy U29m312q [00TDS [eIIPIIN IOAOUUERH JO 19U UorjewrIojul Snip [esrdojooewreyd-Tedrur[d ay) Aq paAILdal salIanb ur pasjoaur sar10393e0 A19Nb Jo serouanbaiy aanerar pue anosqy | ¢ ATIV.L

50f 15

Pharmacology Research & Perspectives, 2026



(senunuo))

J09JJ9 1191} JO SSO[ 10 UOTONpPaI
® 0) Surpe9] A[renusjod
‘urordurejia yirm joeIdjur Aew
UTUOJB[OW PUE ‘JUBXIIOPLIED
‘wopidjoz ‘duopordoz se yons
sSnip Suronpur-ded[s uowwod
90URB)SUI 10,] "9ININJ 18U
3} UI PAIdISIUTWIPE 3q 0}
AToY1] 91% 1R1]) SSNIP YIIM OS[R
JNQ UONEBIIPIUW JUSIIND A}
UIYIIM ATUO JOU SUOIIORIIUL
3nip-3nip renusjod
FurIopIsuod jo souejrodur
9} SOIBIISUOWIP 3B SIY ],

S90URIdJJIp dnjauIyooruLIeyd
JUeDIJTUSIS )SIXS AeW 2197}
90UIs ‘A[[enNpIAIPUI SSB]D
UONBJIPaW uIes 9y} UIYim
3nip yoeo ssasse 03 A31Ssa09U
oy s1YSIySIy 95D SIY L,
"S]dd JO UOneNSIUTWpE
JUBIIWOOUOD AQ PIONPaI SI
(qrupyesep pue qIUIOLD “5-9)
SI0)IQIYUI 9SBULY SUIS0IA)
ure}1ad jo uondiosar ayJ,

LJurorduwrey 1 yirm 10vI9)Ul J0U S0P 1 ‘wedazelo]

IYITUN “9SNEBIIQ AJ10YD J[qeIINS Isowt 3y} ST wedozewd} ‘parryaid st
ourdozerpozuaq e JT "9ANBUISIE PIIINS-T[oM SSI] & 31 Suryew ‘@drpune(
pue ‘SISeIS9[oYD d1jedoyenUI ‘SOWAZUD JOAI] UT SISBIIOUT YIIM PIIBIOOSSE
U99q SeY ‘pury Y30 ) U0 ‘Quordd[oIn ‘urdrdweir jo asn pauued

U) YIIM d193193Ul Jou saop duordduredid ‘uonippe uj -ouoroduredrd
M UIDUOD JUBDIFIUSIS AJ[ROTUIO © Jou A[[eIouas a1e siojourered
SISBISI[OYD JO SISBUIWEBSUERI) IDAI] JO SUOIIBAJ[H "SBD J13103ds SIY) Ul
3nap areprpued 9[qelmns jsows ay) se suoradwredid 103 3do pinom ap,,

uondIosqe U UOToNpaI JUBAISI A[[EITUI[D ©

0) P9 10U S0P [dd © UM qIUIWIOSE J0/pue qrurieuod Jo uonensrurwpe
-00 YL "DV Ul 9sBaI109p juroyrusis ou pue **') ur uononpai (%6
Arerewrxoxdde) Jysiys e Ajuo ur Sunnsai ‘Oozeidaqer pue qrUIWIOSE
FuruIqUIOd UAYM SIWO0IINO IB[IWIS PIIBIISUOWIP Tk I3 YOOH £q Apnis e
I9AOMOH "UONBULIOJUI YONs ap1aoid jou S90p DJWS Y) ‘qQIUIUIIOSE 10,
qruneuod

UM AJIUSIINOUOD PAIdISIUIWpE 3q AeW S]IJ €Y} SOpN[oU0d (OINSH)
£30100uQ TedIPaA 10§ A39100S Ueradoing ay,L, ((DNV) 2AIND 3y} Iopun
eaIe oY) uo 10edwi ou Y ‘qrurreuod Jo (') uonenueoU0d WNWIXEW
9} Ul UOnONpaI (%57 Aerewrxoidde) Tourur € 03 Spea] UOT}aI09s

proe ornses jo 1031qryur jusjod e Yim qrurieuod Jo UOIRIISTUTUIPE

-0 ‘(DJWS) SONSIIAOBILYD 10NPOIJ JO ATewiwung 9y} 03 SUIPI0dIY,,

Qurdazerpozuaq e ‘Ajeaneurd)fe ‘1o (uoreduredid <3-9)
onoydAsdnue Louajod-mor e Surqriosaid Surropisuod ure
I (SoseuruIesueI) IOAI[ Sjuanjed oY) 91eAd[9 IaY}INJ Jou
S90p JeY) 109)3° Suronpul-dosrs € YIIm UOT)BIIPIW B 313y}
ST "IopI0SIp daa[s 919A3S WOIJ SULISFINS ST PUE SSAIISIP
[BIUSW J[qBIIPISUOD JUTOUSLIAAXa A[IULIND ST jusrjed
oYL, "o1ning reau o) ur uprdweyi ‘A[qrssod ‘pue ‘sdoip
[OUIQeUOIP “IeqIXIASPO ‘PIOB JI[OYIAX09POSIN SISLIdWOd
UOI}BOIPOW JUSLIND STH *(T/N 00S PUNOIE SISeUTUIesues)
I9AT]) s19joweted SISBISS[OYD PIIRAJ[ A[JUedIJIuSIs
Sursned ‘T 2dA) (D144d) SiseIsa[oyd driedayenjul [eIjIuIe]
aa1ssa1do1d woij uriojyns s1 syuaned Ino jo auQ,,

Lcqrurupose 1o/pue qruiyeuod yim joerajur ojozeidojued
sa0( -ojozeidojued Ajqeiayaid ‘(144d) 1031qryur durnd
uojoid e yiim AdeIat]) sajelissadou pue spLises padoaasp
MOU SBY 9H SISLIO }SB[q YIIM BTN NI] PIO[OAW OIUOIYD
I0J—QqIUIWIOSE pue qrurieuod—sI103IqIyur 9Seuly dUIS0IA)
oM} JIIm pajean) ureq st jusnjed S[ewW Plo-1ed4-7H V,,

T

JUWWO))

IoMSUY

uonsand

‘ou
ase)

70T 1qUIddd( pue 7Z0¢ [11dy U9amiaq [00ydS [eJIPIIA JOAOUUERH JO 19Judd uorjeuriojur Snip resrdojooewreyd-Tedrut]d ay) £q paromsue sar1onb jo sojdwexq |

€ HT1dVL

Pharmacology Research & Perspectives, 2026

6 of 15



(senunuo))

paznbai st yoeoidde
pazifeuosiad pue snopned e
‘19130803 uaye], ‘Aoewreyd£jod
0} onp SUONOBINUL
Snip-Snap renyuajod pue
‘(syuaBe o131ourwredop
-nue £q pasneod swoydwks
I0jowl [eprwerfdenxs
JO J[SLI paseaiour “3°9)
SUOI}0®AI SNIP ISIAPE 0}
Kyiquidoosns pasearour
‘suonouny uesIo paIdjfe o) anp
Gur3ua[[eyo SI SaNIPIqIOW0d
I sjuaned 1opo Ul
Aderayjooeuwrieyd onowanuy

PIIYO pue I9Y)OW Y3oq I0¥
sowod)no rewrrido UrINSUd
Jo s309dse [B1JUaSS? dIe
Suriojiuour jueidia pue
‘syuaned YIrm UOIIBdTUNW WO
juaredsue; ‘sofijoid Kyojes
PIUSTIqeISS 1M SUOIIBIIpaw
JO UONDI[S [NJdIB)) 9skq
90UQPIAS dAISURYRIdWIOD ©
Joe[ snip Auew se 93u[[eyod
JuedlyTudis e sasod Aoueugaid

ewoone[3 ym sjuanied ur pajedIpure;uod are surwejodods pue
dreunIpAquUaWI( “ewoone[s a1nsop-s(Sue s,juened oY) JO UOIBIOLIdIIP JO
JSII 97} 0} aNP PIPIOAE 9q PINOYS SUOSLYIOWEXI( "SUONIOBII SNIP 9SISAPE
I0J 90UR[ISIA PISEIIOUI PUSUITOIAT dM—UTIBISBAWIS pue ‘Jojoidosiq
‘ueqexide Jo S[9AJ] ewise[d o) 9seaIOUI AeW pUR Y EJ XD JO 103IqIY Ul
drexapow e st juejidorde(soy) Jey) pajou o9q prnoys I ‘ATessaI9U JI 19730
[OBd [IIM OSTe J0 opItureldo[d03ou Y3Im pauIquiod aq ued sasse[d Snip
yiog “(uendeide(soy) “§9) 1stuogejue 103deder YN U 10 (UOI}OSUBPUO
«§-3) 1s1u0Sejue 103dooa1 E L H- © oq 1ySiw apridezife 03 SIANRUISIR
91qIssod ‘paploAe 9q pinoys (spradezie snid sprurerdoroojowr “3-9)
sonewenue JId1sururedop-Hue oM} Jo UONRISIUTWPE-0)) ‘SwojdwAs
JIojowl [eprweIfden)xa Jo JSLI Ay} 0} anp S[ENPIAIPUT JOP[O UT UOIINED YILM
pasn aq prnoys suonedrpaw drdourwedop-1jue ‘A[[eUONIPPY "SSe[d Snip
owres 9y} uryirm Suryoyms £q paAsIyoe aq ued juswasoxdwr Juedryruss

© I9JAYM [NJIqNOP ST I “9I0J21Y ], "s103daoa1 surwredop jo wisuogejue
“9°1 ‘5309330 orwreuApooeurteyd IB[IWIS }19Xd dpLIdezI[e Se [[om S&
suoprrodwop ‘oprure1do[d03aul ‘I9AMOH “JUSIDJINSUI ST aprureidopoojour
P AdeIay) Jua1Ind ay) J1 9sed o1j10ads siy) ur suoprroduwop 1o apridezife
0} oprureido[oojaw woy yo3ms 03 d[qrssod st i1 ojdrourad ur ‘sog,

[Loueudaid

Ul 9sn s3I Jsurese SasIAPE 10JO[OX0A JO DJUIS ) ‘SUBWINY WOIJ BIEp JO
OB B 03 9NP “ISAIMOH "S309JJ9 O1ua503eI9) MOYS JOU PIP SAIPNIS [eWIUY
‘Koueugard Surinp 10J0[9X0A JO 9SN Y} Y 9OUSLIAXS pojIwII] AI9A ST
2191 ‘puey 19Y30 o) uQ ‘Aoueugaid Surnp Aderoy) unsrodoryifie jo
$J09JJ0 9SIDAPE OU UMOYS dABY SAPNIS A[9SO[0 paiojruour St a1nssaid
pooiq sjuaned a3 J1 9[qeidesde oq 0y Aoueugard Surnp (ejusoed oy3

a1durexa 10y ‘opradezife 03 aprurerdo[oolow WOy
[OJIMS dM UBD (BUWOINE[S 21nS0[0-d[3ue sjuaned oy}
SuLIopISU09 Juswyeal) drownue [edsrdojooeurreyd
I9U}INJ I0J SUOIIBEPUSWWIOIAI AUR I3} 91V "JUIIOIJINS
jou st aprwrerdooojowl rm Ade1sy) oNOWNUE JUALIND
194 ‘A[oreunyiojup) "949 a3 03 uoneordde reordoy 103
[ojown-jsoidoueje] pue ‘OpIwIR[0ZIOP ‘QUIPIUOWILIq
SB [[oM SB ‘9JeJ[NS0d1d WNIPOS ‘9S0[N}IB[ ‘Q[0ZIWBIIW
‘OpruIaselo) ‘uneiseawrs ‘ueqexide ‘uelresopued ‘ojoidosiq
sas11dwod uoredIpaul Jua1Ind sjusnied oy ], “ewoone[d
21nsopd-9[3ue sey juaried 9Y) ‘A[[RUOTIIPPY "SUNIUWIOA pue
easneu Surouarredxa mou St (FDV],) UOBZI[OqUIS0UIdYD
[BLI)IBSURI) JUIMISPUN OYM Judljed S[ewd) Plo-TBaL-6L V,, ¥

Koueugaid Surmp unerodoIy£19 10/pue I10J0[OX0A IIM
suonjdo jusunean renjuajod Surpredar uonenyead mok
I0J J[S€ 0} AYI] P[NOM ] "SUOSBAI SNOISI[oI I0J SUOISNJSURI)
pooiq sasnjar juanjed oy I, “Tp/SUQQS SI [0AJ] UNIIISY IO
pue Tp/3 £ > SI [9AJ] UIqO[SOWAY Y ‘A[JUSIIND) “BIWAUE

Surnp Aderoyjooewrreyq SS0I0 J0U S0P YIIYA) UNRI0doIyl£ 1o JOo UON)RIISIUIWIPE YJ JOPISUOD dA),,  [[99 OIS woay Surragyns st juaned jueudaid pjo-1eak-og v, €
JUIWWO)) Iamsuy uonsang ‘ou
ase)

(ponunuo)) | €HATAVL

7 of 15

Pharmacology Research & Perspectives, 2026



(senunuo))

suonoeIdjul Snip-3nip
PAIISIpUN PIOAE 0} dINSBIUL
ordwirs e Se soweu pueiq Jo
nary ur Surqriosaid Surnp
soureu Arejarrdorduou
[euoneUIAUI FUISN JO
douelrodwl 93 $2100SIOpUN
SIY ], "suonoeIdiul pajoadxaun
0} Surpe9] ‘uerdrsAyd Suipualie
o) Aq Pax00[IaA0 9q Aew
9OUBISWINIIID SIY) ‘OSB8I ISIoM

a1} U] "JOU S0P 19338] 9} [IYMm

QUITBUAIPE [BUOHIPPE SUIBIUOD
JouwL1of Y3 Jeyy) juaredde
A30911p JOU S J1 pUE ‘19339 SUO
isnf £q 19§31p @ uredRNN pUE
S-( UTedRII[() SQUIRU puelq
U} ‘QurednIe Jo 9sed Y3 uJ
"JUIPIAD A[OJRIPOWIUIT JOU UI}JO
a1e s3onpoid uoneuIquIod
popueIq UI pauTLIu0d SSNIp
[eNpPIAIPUL 9Y) ‘A[91eUNIIOJUN
's8nap 190 pue sjusuoduwiod
[BNPIATPUT U33M)q
SUONOBISNUI JO POOYI[INI] )
S9sBa10UT UonIsoduwod I3y}
Jo Ayx9rduiod oy ‘osn 03
JUSTUIAUO0D Ud)j0 e sjonpoxd

LQUITRUSIPE [RUONIPPE INOWIIM (Suredealdour 10

QUIBDOPI] ‘QUIBdNIE “3'3) SONAYISAUE [I0] d[qe[IeA. SUISN PUSTIOIAI dM
“uaryed 1no£ Jo 9sed oY) U "9s I9d PajedIpuILIIuU0D J0U ST UOTjen)SIUIpE
-00 9y} ‘(Sympe ul y T ur Sw g’ 1o U O ul SUIfeuaipe Swig o uey)

SS9) POPUSWIWIODAI ST duTureldIwLl) YIm UonensiuIwpe-od uodn
QUITRUIPE JO 9SOP Y3 SUNIWI] I A\ :OAI}ILIISAI SSI[ ST duTwreIdiw) Jo
DJWS Y} ‘IS0 A9 "SEIWYIAYLIR TB[NOLI)UA PUE SISLIO dAISUSIIdAY
0) PeaJ ABW JI SB PIBIIPUILIIUOD ST QUI[BUIPE I sjuessaidopriue
11049113 JO UOIBUIqUIOD 3Y) ‘(Sul[euaipe snjd SUTredr}Ie SUIejuod Yorym)
91I0J S-(I UTedRI[N) JO DJWS Y} PUL MI[AII 9INJRII] € UO paseq
"s910189A 93e10)s onideuisard ojur oxeidnal aanoe 1r9Yy) Surydorq Aq

.., DEISUI SUITRUSIPE JNOYIIM dUTEII}IE 3SN | P[NoD
(QUITRUDIPE POPPE Y} 03 NP 9q SISLID dAISUId Ay
[enuajod 9s0y) PINOAN ‘SISLIO dAISU)IddAY A[re1oadsd
‘suonORAI InIp 9s1dApe 0) Surped] A[jenusjod ‘SonvyIsaue
€907 Y3Im J0BISIUT UeD durweldIwry) ‘9gpajmous Au
0], *d1UI[d INO Je d[qe[IeA. ST duledeAldaul 10 SUTBIOPI]
‘AloAneUId) Y *(d uredenyn “g-9) sauljeualpe jnoyim
10 (S- uredenn ‘9110j S-( uredenn “5-9) Yim
Ioy319 ‘suonjeredord JUSISJIP UI S[qR[IRAR ST QUIBONIY
"a1npadoid [ejusp pauueld e SurInp dO139YISaUL [BIO[ SE
QUTBOI}IE 3SN 0} Y] PNOM ] "SUIXOIAYIOAS] PUE “WNIYI]
‘ourdazeqreoxo ‘Qurwrerdrurry Surye) A[JUSLIND ST OYM

uoneuUIqUIOd SNIp AIYM,, SQUIWB[OYD3)BD JO UOIIBAI}ORUI U]} AB[Op sjuessaidoprue o1[0AdLLL,, JTUI[O [RIUSP ) UT Judanedino ue jea1) o) Surol we [, S
JudUWWO)) Iomsuy uonsan ‘ou
ase)

(ponunuo)) | €HATAVL

Pharmacology Research & Perspectives, 2026

8of 15



(senunuo))

I9pIosIp SUIpasq [euonIppe
ue [ pajorfzye st jusned oy}
J1 Arernonaed 9xa1u0d juaned

A1oa9 ur 9rerrdordde jou are

(uorssaidap jo Juauiea) oY)

Ul S[YSS S Yons) 9910y ISI1j
PaI9pISU0d AJfensn sSnip jey)

SJRIIST[TT 9SBD SIYT, "90107D

8nip souanyjur Ajyuedirudis

SONIPIQIOWO0d PUER ‘UO}OUN]
uedIo ‘xas ‘o8e se yons s1030eq

‘Juawjear) Tedrgojooewreyd

Jo Aoeorjye pue A195es yjoq
9INSUD 0 [BIONID ST SI0J0B]
juanyed renprarput SuULISpISUOD

sowodIno opnaderayy rewndo
pue £397es jusnjed aInsua
0} yoeoidde pazifenpIArpur
pUE paduenu € Jo A31Ssa09u
9y) SurI0dsIapun ‘@ouepIng
K1078[N301 IO ‘SAIPNIS [BITUID
Jo suonelardraiur ‘saokd
repdn DJWIS UT SOOUSIJFIP
0} 9np 9q ued sarourdaIdSIp
[ong "uowWwodun jou I8
S3NIp JUAISFIP JO SDJWS
U SUOT}ORIIUT QWIES

,Junoodoe 0jul Uaye) 9q P[noys
UIOIPUAS UIUO0JOIAS JO YSII PASBAIOUI Y} ‘A[JUSIINOUOD PAISISIUTWIPE I
juessaidopriue o1194o11) © 10 ourdezelarwt oy1] Juessaidopnue 91319U0)019S

& pue ‘Oprweidopoojouwt ‘sueydin J1 ‘10A9MOH “jusnied Inok 10§ 9[qISesy os[e

st sueydiny yiim Adeiay) v -oprurerdo[ooiaw [RUOLIPPE INOYIIM O YIIm

‘A[SnouaAeUL IO A[[RIO PIIAISIUTWPE. 9q ULD S[OZIUIRISN “YOorIe aureidruu

9JN0® UE J8AI) 0} PAsN 9q ULD J[OZIUIRIOW ‘QUIBISIUI JO JUSWIBSI} Y} UO
aurpIng TS (U91eyds[[esa8yoe,] USYISTUIZIPIIA USYDII[IFRYISUISSIM Iop
1JBYOSUIOWIESINGIV) N MV UBWISD ) 0) SUIPI0IIY "00} ‘SUuIpasiq jo
J[SII PASBAIOUT UE YIIM PIIBIOOSSE oIk 3] Se 958 J1J10ads SIY) Ul paproae
9q osTe p[noys s3nip ArojewWwe[JUI-1}ue [ePI0Id)S-UON ‘SUIPad[q JO YSII
9]} 9SBAIOUI A1) S© papIoAe 3q PINoys (STYNSS) s103qryur oxeidnax
ourrydouldaIou-uruo0joIas SAII[S pue (STYSS) s103IqIyur oxeidnal
UIUO0JOIAS DAI}II[IS ‘IseIju0d Ag 'suorido a[qelins aie syuessaidopriue
asat)} “eandadsiad [eorSojooeurreyd-Tedrul[d e woi “Surpasiq jo

YSII JUBAS[SI A[[BOTUI[D © }IM PIIBIOOSSE J0U I sjuessardopriue
o1104011) se [[om se ‘uordoidng ‘ourdezeiirw ‘ounepwody,,

. DIOPISU0D 9q PINOYS (SONRINIP dPIZeIY) 10 ‘Sisiuogejue

103dooa1 ursusjoISue ‘SIONQIYUI SWAZUD SUI}ISAUOD-UISU)OISUE S8 Yons)
SSe[0 nap aaIsuSIedAYIUE ISYIOUE 0} YOIIMS B ‘A[PAIIBUIIY "SISBD
yons ur junowreled st jusried 9y} JO UOJBULIOJUT PIUSWINIOP-[[oM PUE
parrelap ‘Quidiprueoid] Jo DJUWS Y3 UT UOTIBIIPUIBIIU0D UTISIXD 3}
UDALD) "SUONIBINUL diduToorwLIeyd [BNINW SZTWITUTW 0} SUIdIPIuedId]
I91J€ U ¢ ISBI[ Je PIdISIUTWIPE 3q PINOYS dUuLI0dSoo4d d[qeproaeun st
ou110dso[o4d pue JuIdIpruedId] Jo UOIBISTUTUIPE-09 JT “(QUII0dSO[OAD)
S[013U09 [9AJ] ewise[d pue (dinssaxd pooiq) reorur]d ajerrdordde

m ‘ourdipruedsidf jo pedjsur suidipeist 1o ‘Quidipofaj ‘durdrporure
‘QUIdIPUANTU PUSUITIOIAI dM ‘A[JUSIINOUOD PAISIUTWPE. 3q 0} PIdu
I93[90[q [ouueyd wnided adA3-aurpraAdoipAyIp e pue aur10dso[ohd j1
“1932303 aur10dso[o£d pue surdIpruedsd] SULIISTUTWpPE Jsurede SSIApe
A18uoxs ap -ouldipruedis] 193je y ¢ 1Se9[ Je auriodsodAd Surivisiurwpe
SPUSWIWIOAI I ‘9[qBPIOABUN ST UOT}BRIISIUTWIPE-09 JT ‘10 (UOIBIIPUTRIIUOD
[BIOIFJO INOYIIM ISAMOY ) QUTIdIPIUBIIS] YIIM UOIIBISTUTWPE.-0D Jsurede
SISIAPE OS[e ULI0dSO[0Ad JO DJWIS 9Y,L, "S90UBISNS Y30q JO S[oAJ] ewised
U 9SBAIOUL UE UT SUN[NSAI “IOYI0 YOBd duUaN[Jul A[fenjnuwi sur10dso[oLd
pue aurdipruesiaf jo sonauryodewreyd 9y ], ‘PIedIPUIRIIU0D SI

Laureidiu s jusnied oY) 10§ ueydin) e J0/pue d[0ZIWERIOW
Sursn jsurede juswngie Aue a1y st yurtodpuesls
Teor3oooeurreyd-Tedrul[d ® Wol ;I9pIosIp Surpasiq
sjuaned o) ULIaPISU0 ‘U0ISsaIdop pue AJoIXue 197
Sunean) 103 991070 159q Y3 9q P[NOM UOTIBIIPIW YIIY M
"Koustofap 1A 1030e] 3im Juore ‘uorssaidap pue ‘Kjorxue
‘qureidrw woiy Surrspyns st jusned a[ewWay Po-18ak-67 V,, L

pareoIpureIIuod 1o 9[qissod SI 19320[q [oUUBYD
wno[ed pue aul10dso[oAd Jo UOIBIISIUIWPE-09
I9UJoUM IJTAPE INOA 10J S 03 oI P[NOM M
-ou110dso[o4d y3im uorjeIIsIuIwpe-09 d[qissod Jurpredal
(surdipruesia] ‘ourdrpojure) s19)00[q [QUURYD WNIO[BD

a1 noqe sarouedaIodsiq aur10dso[oAd YIm Jsn JUSIINOUOD 1By} Saje)s auldIpruedis Jo DJws 9y L, JO SDJWS 9Y) UT $a10urdaIdSIP POIJUNOIUD JARY I, 9
JuIWIWI0)) Iamsuy uonsang ‘ou
ase)

(ponunuo)) | €HATAVL

90of15

Pharmacology Research & Perspectives, 2026



(senunuo))

SI9pIOSIp d1nyeryoAsd
s,Juaried a3 Jo JuawIea} Y}
103 9yerzdoadde A[reoruro are
A3} J1 SUIULId)AP 03 AJ[BOIILID

parenyeAd oq os[e jsnut A3y}
‘Ma1A onuodewreyd €
woIJ STYSS d[qelns jsouwr
oy3 se readde sunexored pue
QUIUWIBXOAN[ YA “1o1d1ojur
0] J[NOTJJIP SOWIJOWIOS e
unsay onpousdooruwrreyd woay
S3INSA1 By} SAJBIISOI[I 9SBD SIY L,

suorjoeIdul Snip-3nip o3
suoid jou A[[ensn a1e A3y}
(wstjoqelaw Juspuadapurt
-dAD “89) sen1odoid
onauryooewreyd I1ay) 03
anp ‘jey) 98ejurApe 9y} dARY
QeWNIO[0Ad SB Yons saIpoqriue
[BUO[DOOUOJA "SUOI}OBIIUL
Snip-3nap Jo YSI1 paseaIour je
a1e s3nip aarssarddnsounuruir

Juswiean Jo 3aels ay) Je A[1eroadsa ‘A31[1qers[o) [edrurd Surioyruowt
PUSWIWIOI M ‘TYSS PIOJS AYJ JO SSA[PIL3NY "Snje)s I9Z1[0qeIdut
QIBIPAUWLIAUI 6TDTJAD UM sjudnjed ul S[YSS PAUOIIUSIWDAOQE Y} JO Au®
Jo 9sop [entul ay) Isnlpe 03 pasu ou ST 2I3Y) ‘WNIII0SU0)) uonejudwa[duw]
sorouagooruLIBy [BIIUID 9Y) JO saul[epIns ay) 0} SUIpIodde ‘930U JO
‘61DTdAD BIA PIZI[OqeIdW Jou a1k £33 St ‘Judried InoA 10J PoISPISUOD
Aurewrtad oq JySiw surjexoed 10 sUTWEX0AN[] Y]} $3S933ns SIY ],

9(IC :ounoxoIed o

9((C :oUTWEX0AN]] *

6TOT ‘9T :PUmaxXon]q «

6107 ‘9qc :weidorejrosa/werdoreir) o

61DT ‘9T :oul[BIIaS e

:SOWAZUA0ST J XD UIMO[[0] 93 Aq pazIjoqelawt d1e S[YSS,,

«Proe

s1opaduag 9q Aew S103IQIYUL 6SDd 03 QAIIBUISI[E UY "PIIIWI] I. BIep
ySnoyj[e ‘9A1I09JJ0 puk SJes paIdpIsuod A[Tersuad si syuened jueidsuen
ur SI03IqQIYUI 63SDd JO 9sn oYL, “jusuriredulr [eual yiim syuaned ur

asn Jurpiedai ejep 191399 APYSIIS 03 aNP BUWINIO[OAD 10§ 90udIjId

B YIIM “QATJBUID)E S[qRIINS B SB PAISPISU0D 2q UBD SIONQIYUI 6SDd
-our10dso[o£d Yim suonoeIdul nap-3nip reryuajod pue juowiredurt

.. K18S5900U JUaUIISN[PE ISOP B ST (SNILIS IOZI[0qeIAUL
6T1D7dAD siuaned ay) SULISPISUOD [YSS UL 03 YOIIMS
03 91q1ssod 11 sT "uordordng ym Juswjea) vpun
s1apIostp daors Surousriadxa Ayuaring st juaned
YL 61T SWAZUIOSI (d XD) 0Sd SWOIYI03KD Y3 03
309dsa1 YIIM I9ZI[0qRIOW 9)RIPSULI)UI UE ST juanjed
9} JeY) parBaARI seY SUNSd) O1)oUSD "SUOIoeaI Snip
9SISApPE snozownu Yiim jsed o) ur syuessaidapnue 0}
9oue1a70} 100d pajrodal sey pue sIopIoSIp drryerydAsd
ordnnw woj Surisggns st juaned pjo-1eak-8y v, 6

<isiuaned passarddnsounurwr ur Aderay) 103qryur (63SDd)
6 9dA) UIXaY/uISIIINS 9se1I9AU0D urejoidoid Surpiedar
SUOIJEPUSWIWOIAI AUE I} A1V "dUOTE 9qIWIIZ YIIM
Pa30adxa jou ST uononpal J-1T enbapy ;esop wnwirxew
91 2q pPINOM JeY A\ (SUII0dSO[OAD YIIM UOTIBI)STUTPER-0D
10J 9[qeIINS UTIB)S AN RUIdI[E UB 9I9Y) ST "UIJBISBANSOI
PONUIIUOISIP dARY dM ‘UTW/TW Q€ UBY) SSI ST YAD
9} SV Ip/SW GG > ST [9A9] 3981e3 (D-TAT) [019ISI[OYD
urajoadodi] £31suap-mof s,jusnied 9y T, ‘JOISJIO[BIS[OYD puL
‘9yeU0qIEOIq WNIpos ‘9[ozeidojued ‘Ur}IESIpULD ‘[IOJOU
orejouaydoofur ‘Our10dso[oAd :SUOIIBIIpaW UIMOT[0] Y}
Jurye) Appua1ind st jusnied oYL, "SISOUI)IS PIIOILD % (0L UM
SISOIS[OSOIAYJE I9AS SAB[SIp OSTe (UItl/TW {7 A[IUSIIND
(41D) 9181 UO I} JTe[NIdWO[3) uonouNy [eudl paireduwr

Surye) syuaned [BUSI 0} 9NP PIPIOAE 3q PINOYS suliels ‘Juanjed ST} Jo aseO AYI U,  A[919A3S Y3im Judned juedsuea) I9AI] S[ew P[o-1edL-69 V,, 8
JUIWWO0)) PMSUy uonsanQ ‘ou
ase)

(ponunuo)) | €HATAVL

Pharmacology Research & Perspectives, 2026

10 of 15



*UONIBZI[OQUIS0WAYD [RLId}IBSURI) “IDV.L 10JIqIYUT 9y e1dnal uruolo1as 9ANI[as ‘TYSS I03qryur oyeidnar aurrgdourdoIou-uruojoIds dATOI[S
TINSS ‘sons1IojoeIeyd jonpoid Jo Arewruuns ‘QJws DININSu] Yooy 119qoy I 1ouqryur dund uojoid ‘144 :siseisajoyd oryedayenut [errurey aarssardord Q1A 6 9dA) UTxay/uisinqns asejraauod urdjoidoid ‘63SOJ Ioquinu “ou

<J0193s910y0 urejordodiy £3ISUap-mo] O~ OUIMboIO[YoAX0IPAY ‘DOH 918l UOHEII[IJ IR[NIdWO[S ‘Y49 ‘A30[00uQ [BIIPIN 10§ £39100S Uradoing ‘ONSH {0SFd SWOIYI03Ld ‘d XD ‘UOHBIJUOU0D wnwixew <) tuopusraid pue
[01U0D) SBASI(T 10J SI9IUD) ‘DAY ‘(AUBULIID UT SANIIO0S [BIIPIA JIFIIUIIIS 9} JO UOTJBIOOSSY) UdIFEYIS[[9595Yde,] USYISIUIZIPIIA USYDI[}JEYISUISSIAN 9P JJBYISUTOWASSIAIY I MV 9AIND 3} I9PUN BIAIR ‘D :SUOIIRIARIQQY

I9)I0US Yonul ST uoneInp
juduI}BaI) 9} 9sNedaq qrssod
SI SOSEBISIP ) BWINIYI 0}
paredwod 19A9f ) dTUOIYD JO
JuSwWIIeaI} AY) Ul ODH Jo d5esop
paseq-1ySrom £poq 10yS1y v
"PIASIYDE ST J09JJ° [BPIOLIIOE] B
“QUITOAIAXOP YIIM UOTIRUIqUIOD
uf ‘sisis1ad 1179u1nq v]]a1xX0)
yorym ur ‘sawosogeyd Jo [9Ad]
Hd oy 918A3[0 0) pakorduwd
ST ODH “19Ad) ) JO 9sed 9y}
u] "$103d9021 9YI[-[[0} YIIM
UonoRIAUI Sk yons ‘sorprodoid
K1ore[NpowIoUNWWI SJI 10§

«[BONLID
ose st uonoajoid uns ayenbape ‘urys oy} jo L)1AnNIsudsojoyd o) 9seAIOUL
ODH pue auIoAdAX0p [310q 90UIS "A[1e[nda1 paururexs aq p[noys snpuny

949 9y} ‘A[TeUOnNIPPY “I9A3J O d1U0IYD Jo Juswjear) Surnp (Tu/Ing<
19491 ewise[d jo81e)) SUIoAdAxO0p pue (Twl/3M 7 T-8°0 [9A9] ewsed 3o31e))
ODH Jo s1oAd] ewise[d ssasse 03 Suriojruow Snip snnadersy; wioyrad o}
pasIape sI 3] ‘Jusuiear) Suordyi A[rersusjod o3 paredwod SYIUOW 7—8T
:19}I0YS AJQBISPISUOD SI I9AJJ ) JTUOIYD JO UOHBIND JUSUWLI} )
{(8y/8w S S 9°T) SASBISIP JIIBWNAYI JO JUSW)BI) WLId)-3UO] Y3 0]
saurjopIng [esrdojorewnayr £4q pasodoid OOH jo asop paisnipe-1ysrom
Apoq PopULUITIOIAT WNWIXBW ) SPIIX SIY} [IYM 3/Sw T 03
Spuodsa1Iod 1949 O) JTUOIYD JO JuduIea) oY) 10y agesop ODH U3 309
Jo 1yS1om Apoq & Yim juanyed 1nok 104 ‘syjuow ZT 3sed[ je 103 saurnboiofyo
(Ax01pAy) pue SUIOAIAXOP JO UOTIRUIqUIOD B—A[OAIIBUIS)B—IO
‘urordweyii 10 (y 1o ¢ dnoig) suojournboion[j € I9YIL YIM SUIIAILXOP
Jo Ade1ay) uoneuIquIod e s3s9838ns (I3Y) 21INSUT YooY 1190y UBWLISN
9L "(seATeA d13ay3s01d) SYIUOW {7 IO (SOA[BA 318 SAIIEU) SYIUOW ST

10] (Kep 10d 3w oz X €) ODH pue (Aep 19d Sw QT X ) SUI[OAIAXOD

JO UOIBUIqUIOD © SPUIWUIOIRI DT Y} “(T9AJ] ) dIUOIYD) 11JoU4Nq

4w jo porrad papualxd ue 10j desop Y31y e yons ul
ODH 1dsturwpe o) jerrdordde souay 31 st (33 09 SI Juaned
Ino jo JySrom 9y L, ‘sautfeping esrdojorewnayl A4q pasodoid
JySrem Apoq 3y/3wi g Jo 93esop ODH WNWIXEBW 3} UBY)
19y31y A[qejou si 31 pue ‘paysnfpe-1ySom jou Apusredde st
9s0p ODH Y3 10 UOIBPUSWUI0IAI DD Y.L "SYIUOW 7
0} dn 103 y 8 £19A9 (ODH) surnboioyoLxoipAy Surpog
PIm 19432303 Y T A19A9 UT[AdAx0p Swr QT Jo uswidal
JUSWIEI) B SPUSWITIOII (D (D) UONUIAIJ PUE [013U0)D)
9SBASI(J J0J SIAIUDD) YT, "SHIPILI0PUS M Sunjuasaid 1049

K3ororewnaya ur pasn st ODH D]121X00) YIIM UOTIOIJUI OTUOIYD 03 NP SHIPILIOPUD JO JUIUWIIBAI) AY) 104, O otuoIyd YIim juaried e pasouderp AJJUS03I 9ABY M, 01
JudUWWO)) Iomsuy uonsan ‘ou
ase)

(ponunuo)) | €HATAVL

11 of 15

Pharmacology Research & Perspectives, 2026



pharmacologists and pharmacists (79% patient-specific queries)
[31], but it contrasts with studies by Almazrou et al. [34] and
Tefera et al. [11] conducted at pharmacist-run Saudi Arabian
and Ethiopian DICs, in which the proportions of patient-specific
queries were notably lower (44% and 53.1%, respectively). While
responses to general queries typically aim to provide factual
DI, responses to patient-specific queries focus on individually
tailored treatment strategies. These responses offer critical
assessments of the advantages and disadvantages of specific
pharmacological therapies in individual patient scenarios, con-
sidering patient-specific factors such as age, sex, disease sever-
ity, comorbidities, and comedication. Delivering factual DI (e.g.,
details on drug availability, stability, compatibility, interactions,
and ADRs) is a core competency of pharmacists. Conversely,
evaluating the benefit-risk profile of pharmacological thera-
pies within the context of individual patients is the domain of
physicians. These professional distinctions may account for the
disparities observed between the studies by Almazrou et al. [34]
and Tefera et al. [11] (both pharmacist-led) and our investigation
(physician-led). Intriguingly, a recent analysis of a university
hospital pharmacy-operated DI service in Munich, Germany,
revealed proportions of patient-specific queries and queries from
physicians (91% and 95%, respectively) that were comparable to
our study, but focused exclusively on ADRs [32]; other DI query
categories were not assessed.

The high degree of specialization at our clinic is underscored by
the queries presented and discussed in Table 3, three of which
dealt with the pharmacological management of rare diseases
(progressive familial intrahepatic cholestasis type 1, factor VII
deficiency, and chronic Q fever). It should be noted, however,
that the cases showcased in Table 3 were selected for illustra-
tional and educational purposes only; they were not intended
to be representative of the entire sample of queries analyzed
in the present investigation. Timpe and Motl showed that the
complexity of DI queries increased between 1995 and 2004
[35], and 70% of respondents in a survey conducted among US
DICs reported an increase in the number of complex DI queries
between 2003 and 2008 [19]. To this point, only a minority of
researchers have showcased specific DI queries in their publi-
cations [7, 16, 17, 22, 36]. These case presentations were either
in condensed form [7, 22] or lacked the corresponding DIC re-
sponses [16, 17]. With the exception of Lumpe et al.'s 1998 article
[36] and our 2022 publication [2], our study stands out as the sole
report that presents and provides commentary on a curated se-
lection of clinically intricate DI queries, which can be regarded
as a strength of our work.

Remarkably, the proportion of queries from academic teaching
hospitals declined by approximately one-half between our pre-
vious research and the current investigation (13.0% [2] vs. 6.4%).
In line with a recent systematic review [37], this may point to an
increasing workload in peripheral clinics (e.g., due to a shortage
of physicians and nurses), leaving little time to consult external
specialists during the treatment process.

Whereas the mean age of patients in our study was comparable
withour previousresearch (54.0 + 22.4yearsand 55.6 + 22.9 years
[2]), the proportion of female patients increased (60.3% vs.
51.4% [2]). Of note, while the age distribution in our previous
study showed a bimodal curve with peaks at 21-30years and

61-70years [2], there was a single peak in the present investiga-
tion at 51-70years. The three most frequently addressed query
categories (i.e., indications/contraindications, ADRs, and PDIs)
corresponded well to the DI needs most commonly cited by
healthcare professionals in a recent systematic literature review
[37], and they remained stable between our previous investiga-
tion [2] and the current analysis. On the other hand, we detected
certain changes in the differences between patient-specific and
general queries. As compared to general queries, patient-specific
queries were more often related to ADRs, PDIs, indications/con-
traindications, posology/dose adjustment, and TDM (before ad-
justing for multiple comparisons), whereas in our previous study,
we detected differences between general queries and patient-
specific queries only with respect to ADRs, PDIs, and PKIs (also
without adjustments for multiple testing). Of note, in the present
investigation, only the differences between general and patient-
specific queries with regard to indications/contraindications
and PDIs remained statistically significant after application of
the Holm-Bonferroni correction method to address the problem
of multiple comparisons and to reduce the likelihood of type I
errors. These findings may be explained by the fact that general
information on ADRs, indications/contraindications, posology/
dose adjustment, TDM, and drug-drug interactions can be rela-
tively easily accessed by healthcare professionals independently.
A systematic literature review by Tan et al. highlighted the vari-
ety of DI sources used by healthcare professionals, the most pop-
ular of which were reference books, journals, drug databases,
textbooks, and product-specific information (e.g., SmPCs), only
to name a few [37]. However, for the transfer of general clinical-
pharmacological knowledge to the treatment of individual pa-
tients, consultation and discussion with human experts (e.g.,
via a DIC) is still paramount. A Swedish questionnaire study re-
vealed that 85% of responding physicians searched for DI at least
weekly [38]. At the same time, healthcare practitioners often
lack the time and also the expertise to address complex DI que-
ries independently [23]. While access to scientific literature and
other references has improved significantly in recent decades,
mainly due to increased online search capabilities, the volume
of available information on any given pharmacological topic has
grown substantially [23]. Moreover, the complexity of DI queries
has markedly increased in recent years [23]. Consequently, the
time required to handle DI queries has not diminished signifi-
cantly compared to earlier periods [23], indicating a continued
need for DICs to support clinicians in their daily practice. In the
present study, we did not systematically assess the time required
to answer DI queries, which represents a limitation of our inves-
tigation. From our experience, typically 30-120min are needed
to answer a DI query.

Pharmacotherapy in older adults is particularly challenging
due to altered pharmacokinetics and pharmacodynamics com-
pared to younger individuals [39]. At our DIC, the proportion
of queries related to pharmacotherapy in advanced age in-
creased from 6.1% [2] to 9.1%, which may reflect Germany's
demographic shift towards an aging population: currently,
over one-fifth of Germans are 65years or older [40], with this
percentage expected to increase in the coming decades [41].
Other studies in the field did not examine pharmacotherapy
in advanced age as a distinct topic [10, 11, 14, 29, 34, 35, 42]
but similar demographic trends are anticipated in emerging
nations, too [43]. Consequently, DICs in emerging nations
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may soon experience a comparable rise in queries related to
geriatric pharmacotherapy.

The utility of clinical-pharmacological advice on drug use during
pregnancy was highlighted by Erdelji¢ et al., who showed that
clinical pharmacologists' assessments were more accurate than
the US Food and Drug Administration classification system in
predicting pregnancy outcomes after pregnancy-related drug ex-
posures [44]. Furthermore, in a survey of physicians who sought
guidance from a Norwegian DIC on drug use during pregnancy,
9% of respondents reported that the information provided by
the DIC had averted termination of an intended pregnancy [25].
Remarkably, the proportion of queries related to pregnancy or
breastfeeding at our DIC rose from 3.5% [2] to 6.2%. Even though
this percentage is still considerably lower than in older reports
by Llerena et al. (drug use in pregnancy: 18%; drug use in breast-
feeding: 4%) [3] and Schwarz et al. (drug use in pregnancy/
lactation: 16%) [28], it is notably higher than in a more recent
study by Tefera and colleagues (drug use in pregnancy: 2.6%)
[11]. This indicates that while a general decline in DI queries
related to drug use during pregnancy or breastfeeding has been
observed in the last decades, presumably due to the easy and
free-of-charge access to online databases such as Embryotox
[45], Bumps (Best Use of Medicines in Pregnancy) [46], and the
Drugs and Lactation Database [47], consultation with experts
in clinical pharmacology is still considered useful by attending
healthcare professionals, especially in clinically complex cases
(e.g., case no. 3 in Table 3).

The number of queries related to pharmacogenetics and TDM
in our study appeared relatively small. At Hannover Medical
School, similar to the majority of university hospitalsin Germany,
pharmacogenetic tests and TDM are technically conducted by
the Central Laboratory (which in the case of Hannover Medical
School is affiliated with the Institute for Clinical Chemistry, not
with the Institute for Clinical Pharmacology, at which the DIC is
located). The Central Laboratory also provides explanations and
interpretations of pharmacogenetic and TDM test results, which
may be sufficient for healthcare professionals in most routine
cases. We hypothesize that only in special, therapeutically chal-
lenging pharmacogenetic or TDM cases, the DIC is contacted
by clinicians as an additional source of information and advice,
potentially explaining the comparatively low number of phar-
macogenetic and TDM queries in our study.

Besides its single-center and retrospective design, the primary
limitation of our study is the absence of data on patient-related
outcomes. Consequently, it was not possible to ascertain whether
the consultation of the DIC by attending healthcare profes-
sionals resulted in benefits for their patients. To examine this
aspect, a control group would have been necessary, which was
not feasible within the constraints of this study—a drawback
our investigation shares with many other DIC studies [8-11,
13-18, 22, 26-28, 31, 32, 34, 42]. Moreover, the absence of data
on how often the recommendations of the DIC were adhered to
and implemented into clinical practice (i.e., acceptance rates), or
how satisfied the inquiring healthcare professionals were with
the DIC recommendations represent substantial limitations of
our work. Due to the hypothesis-generating, non-confirmatory
nature of our study, the results of the inferential statistical

tests—despite adjustments for multiple comparisons—must be
interpreted with considerable caution.

In summary, our study suggests that query characteristics at
our DIC remained relatively stable between the time periods
2018-2022 [2] and 2022-2024, especially with respect to type of
queries (> 80% patient-specific), origin of queries (mainly from
within Hannover Medical School itself), profession of inquiring
healthcare professionals (> 90% physicians), medical specialties
of inquirers (top three: internal medicine, psychiatry and psy-
chosomatic medicine, surgery), and query categories (top three:
indications/contraindications, ADRs, PDIs). Nonetheless, we
also observed certain changes between our previous research
[2] and the current investigation, most notably higher propor-
tions of queries related to pharmacotherapy in advanced age
and drug use during pregnancy or breastfeeding, as well as a
unimodal instead of a bimodal age distribution curve among
patient-specific queries. Besides time-dependent changes, fun-
damental differences in query characteristics across DICs may
also stem from country-specific factors, the affiliation and
service area of DICs, and the composition of DIC staff (clini-
cal pharmacologist-led vs. pharmacist-led) [2]. We propose that
DICs can effectively contribute to high-quality patient care and
enhanced pharmacotherapy safety [2]. Future research should
focus on prospective controlled studies to determine if DICs
genuinely improve clinically relevant patient outcomes [2].
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Table S1: Query categories, stratified
by specialization of inquiring healthcare professionals (assignment of
more than one category per query was possible).
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