(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 10 (367) OkTs16pnb 2025

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.
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articles. Tables and graphs must be headed.
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each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: The pharmacokinetics, metabolism, and
bioavailability of local anesthetics are well established to date.
However, in individuals with concomitant systemic diseases,
these parameters may undergo significant alterations.

Aim: To analyze the influence of hepatic, renal, cardiovascular,
and endocrine comorbidities on the bioavailability, metabolism,
and pharmacokinetics of local anesthetics used in dental
practice.

Materials and Methods: A narrative review was conducted
using relevant data from electronic databases including PubMed,
Google Scholar, and the Cochrane Library, from 2019 to 2025.

Discussion: Hepatic dysfunction and Gilbert’s syndrome
reduce the activity of hepatic microsomal enzymes, leading
to elevated plasma concentrations of active metabolites and
increased systemic toxicity. In renal disease, elevated levels
of alpha-l-acid glycoprotein decrease the concentration of
unbound local anesthetics, thereby reducing anesthetic efficacy
while promoting drug accumulation and systemic toxicity.
Cardiovascular disorders impair hepatic perfusion and cardiac
output, prolonging the elimination half-life and increasing the
risk of cardiotoxicity. Hyperthyroidism accelerates metabolism
and shortens the duration of anesthetic action, whereas
hypothyroidism and diabetes mellitus slow drug clearance, alter
plasma protein binding, and enhance systemic toxicity.

Conclusion: Since systemic diseases can significantly modify
the bioavailability, metabolism, and pharmacokinetics of local
anesthetics, anesthetic protocols should be individualized for
each patient based on their specific comorbid condition and
metabolic status.

Key words. Local anesthetics, pharmacokinetics,
pharmacodynamics, bioavailability, concomitant diseases.

Introduction.

Local anesthesia (LA) is widely used in medicine and
particularly in dentistry. During various dental procedures
such as tooth extraction, root canal therapy, tooth preparation,
periodontal pocket curettage, implant placement, and other
interventions, clinicians rely on local anesthetic agents [1].

Two principal classes of LA are generally recognized:
amide-type and ester-type agents. Both classes share a
chemical structure consisting of a lipophilic aromatic ring
and a hydrophilic amine group, which are connected by either
an amide or ester linkage, respectively [2,3]. Among amide
local anesthetics, three subclasses are distinguished: xylidine
derivatives, toluidine derivatives, and thiophene derivatives.
Specifically, lidocaine, bupivacaine, and mepivacaine are
xylidine derivatives, while prilocaine and articaine are toluidine
and thiophene derivatives, respectively [4]. Although articaine
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is classified as an amide-type local anesthetic, it is noteworthy
that its structure also contains an additional ester linkage, which
contributes to the shortest elimination half-life among amide
anesthetics [5,6]. In contrast, ester-type local anesthetics include
procaine, benzocaine, tetracaine, and cocaine [7].

The primary molecular target of local anesthetics is the
voltage-gated sodium channel (NaV) distributed along neuronal
cell membranes. These channels exist in three states: resting,
activated (open), and inactivated [8]. Under physiological
conditions, most sodium channels remain in the resting state—
where the activation (M) gate is closed and the inactivation (H)
gate is open— preventing sodium ions (Na*) from entering the
cell. Upon excitation, when membrane depolarization exceeds
the threshold potential, the M gate opens, allowing Na' ions
to flow into the cell along their electrochemical gradient.
Subsequently, the H gate closes from the intracellular side,
inducing channel inactivation and terminating Na* influx [9].

Local anesthetics are weak bases. In their non-ionized (lipid-
soluble) form, they diffuse through the lipid bilayer of the
axolemma. Once inside the cytoplasm, the anesthetic becomes
protonated, forming its cationic (ionized) form [10]. This
cationic species binds to the intracellular site of the sodium
channel when the channel is in its open or inactivated state
[11]. The anesthetic thereby stabilizes the inactivated state of
the channel, preventing its return to the resting state. As more
voltage-gated sodium channels become blocked, threshold
depolarization cannot be achieved, the action potential fails to
propagate, and the pain impulse is inhibited from reaching the
central nervous system [9].

In solution, local anesthetics are typically formulated as
hydrochloride salts, making them watersoluble. However, a
fraction of the molecules can convert to a lipid-soluble form at
physiological pH (pH 7.4). The ratio of ionized to non-ionized
molecules is determined by the ionization constant (pKa) —
the lower the pKa, the greater the proportion of lipid-soluble
molecules. Consequently, local anesthetics with a lower pKa
exhibit a faster onset of action [12,13]. The closer the pKa of
a local anesthetic is to the physiological pH, the higher the
proportion of its non-ionized (active) form. Upon injection,
the solution is buffered by the body and adjusted toward the
physiological pH [14].

The protein-bound fraction of a drug is considered
pharmacologically inactive; however, upon release from its
binding substrate, the local anesthetic (LA) becomes active.
Accordingly, an agent with a higher degree of protein binding is
capable of maintaining a prolonged neuronal blockade, thereby
providing a longer duration of action [6,15].

Over time, LAs diffuse from the cytoplasm of the neuron into
the interstitial fluid and subsequently into the bloodstream. In
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circulation, LAs exist in both bound and unbound (free) forms.
Alpha-1-acid glycoprotein (AAG) serves as the principal plasma
binding site for local anesthetics [5].

During metabolism, pseudocholinesterase in the plasma
catalyzes the hydrolysis of the ester linkage in ester-
type LAs, producing para-aminobenzoic acid (PABA) as
one of the hydrolysis products. In contrast, amide-type
[6] LAs are primarily metabolized in the liver by hepatic
microsomal enzymes CYP1A2 and CYP3A4 [16]. During the
functionalization phase, the alkyl group is cleaved from the LA
molecule, and the resulting phase I metabolites subsequently
undergo glucuronidation or sulfation [5]. As a result of these
metabolic processes, both ester and amide LAs are converted
into polar metabolites, which are excreted via the kidneys [17].

In patients with systemic comorbidities, the pharmacokinetics
and pharmacodynamics of LAs become less predictable.
For instance, in conditions such as Crohn’s disease, arthritis,
or myocardial infarction, the concentration of alpha-1-acid
glycoprotein—the principal LA binding protein in plasma—can
increase by more than 100% due to its labile nature [9].

In dental practice, LAs are frequently used in combination with
vasoconstrictor agents (e.g., epinephrine). Vasoconstrictors
(VC) induce local narrowing of peripheral blood vessels by
stimulating alphal - adrenergic receptors, while stimulation
of betal - adrenergic receptors increases heart rate and blood
pressure [18]. Activation of beta2 - adrenergic receptors,
conversely, promotes vasodilation of skeletal and visceral
muscle vasculature [19]. However, VC may cause adverse
hemodynamic effects in patients with a history of hypertension
or ischemic heart disease [20]. Furthermore, several authors
have reported jaw ankylosis following the administration of
LAs in patients with fibrodysplasia ossificans progressiva [21].

Therefore, the aim of this narrative review is to analyze the
influence of systemic diseases on the pharmacokinetic and
pharmacodynamic alterations of local anesthetics.

Materials and Methods.

This review analyzes and summarizes current evidence
on the pharmacokinetic and pharmacodynamic alterations
of local anesthetics in patients with concomitant systemic
disorders, including hepatic diseases, Gilbert’s syndrome, renal
impairment, cardiovascular diseases, and endocrine disorders.
Relevant literature was identified through electronic database
searches in PubMed, Google Scholar, and the Cochrane Library
covering the period from 2019 to 2025. The search focused
on clinical and experimental studies, systematic and narrative
reviews, and clinical case reports addressing the pharmacology,
bioavailability, and metabolism of local anesthetics in patients
with systemic diseases.

The following keywords were used: local anesthesia,
bioavailability of local anesthetics, pharmacology of local
anesthetics, liver disease, Gilbert's syndrome, kidney disease,
cardiovascular disorders, endocrine disorders, diabetes mellitus,
hypothyroidism, hyperthyroidism.

Articles were primarily selected in English, focusing on clinical
and pharmacological aspects of local anesthetic use in medicine,
particularly in dentistry. Additional sources were included when
they provided relevant background or supplementary data to
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enhance the discussion.

The selected publications were evaluated by the authors
for relevance and scientific validity. Due to methodological
heterogeneity among the studies, a meta-analysis was not
performed. The results were subjected to qualitative analysis
and organized according to the type of systemic comorbidity
(hepatic, renal, cardiovascular, and endocrine disorders).

Results and Discussion.

The pharmacokinetics and pharmacodynamics of local
anesthetics (LAs) in the human body are closely associated
with the functional state of the liver, kidneys, cardiovascular,
and endocrine systems. In patients with systemic pathology
affecting these organs and/or systems, alterations in the
pharmacological parameters of LAs may occur, leading to
increased anesthetic toxicity or reduced anesthetic efficacy.
The following discussion summarizes data from clinical case
reports, experimental studies, and review articles addressing
how systemic diseases may influence the pharmacological
properties of local anesthetics.

Liver Diseases:

The liver is a vital organ of the digestive system responsible
for numerous physiological functions essential to maintaining
homeostasis. One of its primary roles is the detoxification of
xenobiotics, including anesthetic agents, through Phase I and
Phase II metabolic pathways [22]. Phase I metabolism involves
cytochrome P450 enzymes—(CYP isoforms) —which oxidize,
reduce, and hydrolyze the amide chain of the anesthetic
molecule, thereby increasing its polarity and water solubility
and producing active metabolites [23]. Phase II metabolism
primarily involves UDP-glucuronosyltransferases (UGTs) [24].
Through glucuronidation, a polar moiety is conjugated to the
Phase I metabolite, forming a water-soluble compound that can
be readily excreted by the kidneys [25].

Hepatic metabolism is a key determinant of the
pharmacokinetics and safety profile of local anesthetics (LAs);
therefore, their bioavailability may vary significantly in patients
with underlying liver dysfunction. These alterations become
clinically relevant mainly in cases of severe hepatic impairment
or pseudocholinesterase deficiency [26].

Lidocaine, one of the most widely used amide-type LAs,
undergoes approximately 90% hepatic metabolism, with an
elimination half-life (T'2) of 1.5-2 hours. However, in patients
with hepatic disease, this half-life may increase more than
threefold due to reduced metabolic activity [27]. Jovanovié
et al., 2023 [28] demonstrated a direct relationship between
lidocaine clearance and bioavailability in patients with liver
cirrthosis and hepatic tumors. In cirrhotic patients, clearance
is reduced, half-life is prolonged, and systemic bioavailability
is increased. These pharmacokinetic changes are attributed to
ascites, hypoalbuminemia, and impaired protein binding, which
begin to manifest during the distribution phase. Consequently,
with repeated LA injections, the risk of drug accumulation
rises, increasing systemic bioavailability and predisposing to
neurotoxicity, cardiotoxicity, and hepatotoxicity.

Silva et al., 2023 [29] also reported that prolonged half-life
and reduced clearance in patients with hepatic dysfunction



elevate the risk of cardiac and central nervous system toxicity
due to increased systemic LA exposure. Dafonte et al., 2023
[30] identified multiple systemic alterations accompanying
cirrhosis that influence LA bioavailability, including
expanded extracellular fluid volume, electrolyte imbalance,
hypoalbuminemia, reduced body mass, portosystemic shunting,
and impaired hepatic metabolic capacity. These factors
collectively increase the free (active) plasma fraction of the
anesthetic and should be considered when adjusting LA dosage
for patients with cirrhosis.

Articaine, which contains a thiophene ring, exhibits high
lipophilicity and potency, enabling a greater proportion of the
administered dose to reach neuronal membranes and block
voltage gated ion channels [6]. Unlike lidocaine, articaine
undergoes rapid inactivation in plasma via hydrolysis of its
ester side chain. Its metabolic half-life is approximately 2742
minutes, resulting in a lower systemic bioavailability compared
with other amide-type anesthetics, which accounts for its low
toxicity profile [31]. The use of articaine in patients with hepatic
disorders is therefore justified, as it reduces the metabolic
burden on the liver—its biotransformation does not rely heavily
on hepatic CYP450 enzyme activity.

Bupivacaine is characterized by high lipophilicity, strong
protein binding, and a long duration of action, leading to
high bioavailability when metabolism is delayed. Several
authors have reported cases of drug-induced hepatitis
following bupivacaine administration [32,33]. For example,
Flood et al., 2024 [34] described a case of acute hepatitis and
hyperbilirubinemia following carpal tunnel surgery under local
anesthesia, in which less than 10 mL of 0.5% bupivacaine was
infiltrated into the incision. The authors attributed this adverse
reaction to the accumulation of reactive metabolites in the liver,
resulting in cholestatic hepatocellular injury. An imbalance
between biotransformation and detoxification processes can
enhance bupivacaine induced hepatotoxicity.

It is noteworthy that alphal - acid glycoprotein (AAG) is
considered a major regulator of amide type LA bioavailability.
Its synthesis persists even in the terminal stages of hepatic failure,
accompanied by uremia and acidosis. While reduced hepatic
perfusion and diminished liver function lower LA clearance,
elevated plasma AAG levels can increase LA binding, thereby
preventing an excessive rise in the free plasma fraction of the
anesthetic [35].

Gilbert’s Syndrome:

Gilbert’s syndrome is a genetic disorder characterized by
a mild, chronic elevation of serum bilirubin levels [36]. The
distinguishing feature of this syndrome is reduced activity of
hepatic UDP-glucuronosyltransferase (UGT) due to a defect
in the gene encoding this enzyme. Consequently, the hepatic
uptake, conjugation, and transport of bilirubin are impaired
[37]. Since UGT enzymes also play a role in the metabolism
of local anesthetics (LAs), individuals with Gilbert’s syndrome
may exhibit increased susceptibility to anesthetic toxicity.

Most published studies describe the use of local anesthetics as
adjuncts to general anesthesia in non-dental surgeries. Tzoneva
et al.,, 2019 [38] reported a clinical case involving a patient
with tongue carcinoma who underwent tumor resection under
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general anesthesia. The authors emphasized that agents with
extrahepatic metabolism should be prioritized in such patients,
while hepatic perfusion and perfusion should be carefully
maintained. They also noted the appropriateness of regional
anesthesia, with bupivacaine being the preferred agent in
patients with Gilbert’s syndrome.

Similarly, Jena et al. 2020 [39] described a patient with
Gilbert’s syndrome and lumbar disc herniation (L3-L5) who
underwent ropivacaine infiltration at the surgical site. The
authors observed no adverse reactions, jaundice exacerbation,
or abnormal liver function, and concluded that drugs primarily
metabolized through UGT-mediated glucuronidation should be
avoided to prevent overloading the conjugation system.

In patients with Gilbert’s syndrome, it is advisable to use
anesthetic agents whose primary metabolic pathway depends
on cytochrome P450 (CYP450)-mediated N-dealkylation and
hydroxylation (Phase I metabolism), where glucuronidation
(Phase II) plays only a minor role in biotransformation. After
Phase I metabolism, the resulting more polar metabolites—
such as those of bupivacaine and ropivacaine—undergo partial
conjugation and are then excreted renally [40,41]. Therefore,
in cases of UGT enzyme deficiency, the risk of metabolite
accumulation is lower for these LAs.

Renal Diseases:

Renal dysfunction directly affects both the metabolism and
elimination of local anesthetics. Initial absorption from the
injection site may increase due to relative tissue alkalization and
enhanced blood flow under hyperdynamic conditions [42]. The
clearance of LA metabolites is reduced, leading to accumulation
of higher systemic concentrations, especially during continuous
infusions.

Uppal et al, 2022 [17] demonstrated that patients with
advanced chronic kidney disease (CKD) exhibit elevated
plasma alphal - acid glycoprotein (AAG) levels. Increased
binding of LAs to AAG reduces the free (active) fraction of
the drug available for metabolism, decreasing the volume of
distribution and potentially leading to apparent anesthetic
inefficacy, prompting unnecessary dose escalation and a
higher risk of systemic toxicity. The addition of epinephrine to
local anesthetics prolongs anesthesia by reducing absorption;
however, in patients with renal impairment, this may increase
systemic bioavailability and amplify adverse effects, so lower
doses are often sufficient to achieve adequate anesthesia [43].

Cardiovascular Diseases:

It is well established that in dentistry, local anesthetics (LAs)
are frequently administered in combination with vasoconstrictors
(e.g., epinephrine). The use of vasoconstrictors is justified by
their ability to induce localized vasoconstriction at the injection
site. Through activation of vascular smooth muscle alphal-
adrenergic receptors, a localized contraction of the vessel walls
occurs, resulting in transient ischemia, reduced blood flow,
and consequently, slower systemic absorption of the LA [12].
Vasoconstrictors prolong the duration of anesthesia, reduce the
required dose of the anesthetic agent, and improve visualization
of the surgical field by minimizing local bleeding from the
wound [44]. Once the concentration of the vasoconstrictor falls
below the threshold level, the vessels gradually return to their



baseline tone. A portion of the vasoconstrictor is metabolized
locally at the injection site by catechol-O-methyltransferase
(COMT) and monoamine oxidase (MAO), while the remaining
fraction enters the systemic circulation, where it undergoes
further metabolism in the liver, kidneys, and intestines [45].

The combination of LAs with vasoconstrictors can influence
cardiac contractility and heart rate through increased circulating
catecholamine levels [46], and betal - adrenergic receptor
stimulation. In healthy patients, the hemodynamic response
varies: some studies report no significant rise in blood pressure
with lidocaine + epinephrine (1:100,000) [47] while others
document transient systolic increases and diastolic decreases
within 2-10 minutes post-injection [48,49]. However, in
patients with cardiovascular disease, vasoconstrictors can exert
much stronger systemic effects.

In patients with ischemic heart disease (IHD), hypertension,
or arrhythmias, hepatic perfusion and cardiac output are often
reduced, impairing microcirculation and drug -clearance.
Consequently, LA pharmacokinetics may be altered: reduced
hepatic perfusion delays first-pass metabolism, decreases
clearance, and increases area under the curve (AUC) [7,50].
The prolonged half-life and increased free plasma fraction
enhance systemic toxicity, particularly myocardial toxicity
[51]. Elevated plasma concentrations of LA—vasoconstrictor
mixtures may induce sodium channel blockade, predisposing
to atrioventricular block, ventricular dysrhythmias, and even
cardiac arrest [7].

Nevertheless, Guimaraes et al., 2021 [52] concluded that
clinically significant arrhythmias are uncommon when no more
than four cartridges of lidocaine with epinephrine (1:100,000) are
used in cardiac patients. In those with controlled hypertension,
adverse cardiovascular events are rare, though transient heart
rate acceleration and blood pressure elevation may occur.
Despite the non-selective adrenergic profile of epinephrine,
1-2 cartridges of LA with epinephrine 1:80,000-1:200,000
are considered safe and effective in patients with stable
hypertension or coronary artery disease. However, epinephrine
is contraindicated in patients with refractory arrhythmias and
relatively contraindicated in those with implantable cardioverter-
defibrillators or pacemakers [53].

In patients with atherosclerosis, LA onset may be delayed
and the risk of accumulation increased during repeated
injections. This results from reduced tissue absorption, vascular
wall sclerosis, lower capillary density, and microcirculatory
disturbances [7,54].

Local anesthetics may also reduce amide metabolism in
individuals receiving beta-blockers, sedatives, or antiarrhythmic
agents. However, LAs without epinephrine rarely cause
significant drug interactions [53]. When vasoconstrictors are
administered to patients on non-selective betablockers, their
alpha-adrenergic effects become unopposed, potentially leading
to dangerous elevations in diastolic and mean arterial pressure
[12].

Endocrine Disorders:

1. Diabetes Mellitus:
Diabetes mellitus is commonly classified into Type 1 and
Type 2. Type 1 diabetes results from autoimmune destruction of
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pancreatic beta-cells located in the islets of Langerhans, leading
to an absolute insulin deficiency, persistent hyperglycemia,
and, in severe cases, diabetic ketoacidosis. As a compensatory
mechanism, lipid and protein metabolism become activated,
resulting in acid—base imbalance, dehydration, and loss of body
mass [55]. Type 2 diabetes is associated with the development
of cellular insulin resistance, compensatory hyperinsulinemia,
followed by beta-cell exhaustion and insulin deficiency
[56]. Chronic hyperglycemia disturbs both protein and lipid
metabolism, significantly increasing the risk of cardiovascular
complications [57].

In patients with a history of Type 1 or Type 2 diabetes,
microcirculation and tissue perfusion are impaired due to
the accumulation of reactive oxygen species, decreased
bioavailability of nitric oxide (NO), and increased vascular tone
[58]. The nonenzymatic glycation of vascular wall proteins leads
to the formation of advanced glycation end-products (AGEs),
resulting in vascular stiffness and thickening of the basal
membrane [59]. Blood viscosity increases secondary to elevated
hematocrit, which slows down flow through microvessels [60].
These alterations reduce the diffusion and distribution of local
anesthetics (LAs), prolonging the onset time and duration of
anesthesia.

Glycated plasma proteins exhibit reduced binding capacity,
increasing the fraction of free LA in the systemic circulation,
thereby enhancing systemic toxicity [61,62].

Diabetes also alters cytochrome P450 expression (with
hyperexpressionof CYP2E1 orhypoexpressionof CYP3A4)[63],
which may either accelerate or decelerate the biotransformation
and metabolism of LAs in the liver. Neyshaburinezhad N. et al.,
2020 [64] reported that Type 2 diabetes modifies the activity
of specific CYP isoforms, whereas restoration of euglycemia
partially normalizes microsomal enzyme activity.

The use of vasoconstrictors in LA formulations can further
influence glycemic control in diabetic patients. Epinephrine
reduces the systemic absorption of LAs and minimizes
intraoperative blood loss [65]. However, through alpha -
adrenergic inhibition of insulin secretion, epinephrine can
increase blood glucose levels [66].

Nair V.S. et al., 2022 [67] compared the effects of lidocaine
with and without epinephrine on blood glucose levels in healthy
patients undergoing dental extractions and observed a significant
rise in blood glucose when LAs with a vasoconstrictor at a
1:200,000 concentration was used. Similarly, Kumari S. et al.,
2024 [68] conducted a study involving diabetic patients and
confirmed that the presence of a vasoconstrictor in LA solutions
elevates blood glucose levels in patients with Type 2 diabetes.
The authors recommend cautious use of LAs containing
epinephrine in diabetic individuals, particularly those receiving
antidiabetic therapy.

Weitz D. et al., 2021 [69] performed a statistical analysis of
preoperative factors associated with anesthetic failure during
endodontic procedures, concluding that diabetic patients have
a 4.8-fold higher likelihood of anesthesia failure compared to
non-diabetic patients. Although diabetic neuropathy can reduce
the sensitivity of large nerve fibers—creating the illusion of
better anesthetic performance—microvascular changes in
the dental pulp may affect neural conduction, leading to the



opposite outcome. Therefore, individuals with diabetes should
be expected to exhibit a higher rate of anesthetic failure during
root canal therapy. Tomlinson B. et al., 2023 [70] conducted
a systematic review of the impact of hyperglycemia on
CYP450 enzyme activity. They noted that proper glycemic
control or remission of diabetes restores normal metabolic
enzyme function. Because amide-type LAs are metabolized by
hepatic microsomal enzymes, blood glucose monitoring before
administering local anesthesia is essential in diabetic patients.
Prolonged elimination half-life and increased systemic toxicity
of LAs are possible in uncontrolled diabetes.

2. Hypo- and Hyperthyroidism:

Hypothyroidism is characterized by insufficient secretion of
trilodothyronine (Ts) and thyroxine (T.) by the thyroid gland [71].
In response, the pituitary gland increases secretion of thyroid
stimulating hormone (TSH), activating cyclic AMP—dependent
signaling pathways that promote thyrocyte proliferation,
resulting in glandular hyperplasia and hypertrophy. However,
due to autoimmune destruction and fibrotic changes, thyrocytes
fail to produce adequate Ts and T4. Consequently, the thyroid
gland enlarges, hormone production remains low, and TSH
levels rise. Thyroid hormones regulate numerous metabolic
processes; therefore, their deficiency leads to weight gain,
bradycardia, decreased cardiac output, reduced renal perfusion,
hyperlipidaemia, and decreased basal metabolic rate [72]. In
contrast, hyperthyroidism involves excessive secretion of Ts and
Ta, which, through negative feedback, suppress TSH production
by the pituitary gland. This results in opposing physiological
changes: tachycardia, elevated cardiac output, increased protein
catabolism, osteoporosis, and enhanced hepatic and renal blood
flow [73,74].

Thyroid hormones upregulate the expression of beta-
adrenergic receptors [75,76], and, to a lesser degree, alpha-
adrenergic receptor. Catecholamines in LA formulations act
primarily on alpha ladrenergic receptors of peripheral vessels
[77], Thus, despite increased catecholamine sensitivity,
vasoconstrictor efficacy remains largely mediated through
alpha-receptor activation, resulting in local vasoconstriction,
prolonged anesthetic duration, and reduced systemic toxicity.
Nevertheless, the use of vasoconstrictors in patients with a
history of hyperthyroidism requires careful dose titration.
Systemic absorption of catecholamines may cause beta-
receptor stimulation in the heart and vasculature, resulting in
tachycardia, vasodilation, hyperglycemia, and hypertension
[78]. In hypothyroidism, catecholamine sensitivity is decreased,
leading to diminished local vasoconstriction, shorter duration of
anesthesia, bradycardia, and hypotension [79].

In hyperthyroidism, increased metabolic activity accelerates
hepatic biotransformation and elimination of LAs, potentially
shortening their duration of action at standard doses. Conversely,
hypothyroidism slows metabolism [80], increasing the risk
of systemic toxicity—especially when vasoconstrictors are
present.

Malhotra B. et al., 2022 [81] observed that reduced cardiac
output and blunted baroreceptor sensitivity predispose
hypothyroid patients to intraoperative hypotension. Severe
cardiovascular complications may occur during anesthesia,

69

possibly due to hypercholesterolemia, prolonged half-life of
coagulation factors, and anemia. Gazal G. et al., 2023 [82] in
their practical review on the clinical use of dental anesthetics,
emphasized that mepivacaine is suitable for patients with
hyperthyroidism, as it does not contain epinephrine and
possesses minimal vasodilatory properties.

Conclusion.

In patients with systemic comorbidities, the bioavailability,
metabolism, pharmacokinetics, and pharmacodynamics of local
anesthetics (LAs) are altered. Hepatic and renal impairments
decrease metabolic clearance, increasing the risk of drug
accumulation and systemic toxicity. Cardiovascular diseases
affect the distribution of LAs and may enhance the body’s
sensitivity to vasoconstrictors. The presence of endocrine
disorders can lead to alterations in microcirculation and tissue
perfusion, thereby reducing the efficacy of LAs and prolonging
the onset time of anesthesia. A thorough medical history should
be obtained prior to performing local anesthesia. In patients
with systemic comorbidities, the anesthetic protocol should
be adjusted accordingly — including individualized dosage
selection and appropriate choice of anesthetic agent — based
on metabolic capacity and circulatory status. Further research
is required to elucidate the specific features of local anesthetic
administration in patients with systemic pathologies.
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®apMaKOKHHeTHYecKHe W (apMaKoJUHAMHYECKHe
N3MEHEHHS] MeCTHBIX AaHeCTeTHKOB Yy TMAaIHMEeHTOB C
CHCTeMHBIMH 3a00ieBaHnAMH. O030pHas CTAThA.

Xabamze 3.C, CraponyoueBa E.E, IlepBo3BanoBa [I.A,
Basunosa A.A, Iloroguna I1.]1, Caun B.1O, [Jomkxukos H.A,
Aserucsa [.I', Pacynosa [1.®, XyoOynosa [./1, Aligea 2.9.

AHHOTALMS.

AkTyajgbpHocTh: Ha ceromusmumii neHp apMakoKWHETHKA,
MeTaboJIN3M B OMOJIOCTYITHOCTh MECTHBIX aHECTETHKOB XOPOIIO
n3ydeHsl. OJHAKO y Jr0fied ¢ COMYTCTBYIOIIMMU CUCTEMHBIMU
3a00JIEBaHMSIMH yKa3aHHBIE MapaMeTpbl MOTYT ITOJIBEpraThCs
CYILIECTBEHHBIM U3MEHEHUSM.

Heab: AHanu3 BIMSHUS COIYTCTBYIOIIEH MAaTOJIOTHHU TTEYEHH,
MOYEK, CEPJEUHO-COCYIUCTOI M PHIOKPUHHON CHCTEMBI Ha
OMOJIOCTYITHOCTh, MeTaboNM3M, (apMaKOKHHETHKY MECTHBIX
AQHECTETHUKOB.

Matepuanbsl M MeTOAbI: bbUT POBEAEH MOUCK aKTyaabHON
nHpOpMaMU U3 AEKTPOHHBIX 0a3 nanHbIx PubMed, Google
Scholar, Cochrane Library ¢ 2019 no 2025 ron.

Oocyxnenns: Hapymennss (QyHKOIMM TIEYEeHH W CHUHIPOM
KunpOepa  CHIWKAIOT ~ aKTHBHOCTh  MHKPOCOMAIIBHBIX
(epMEHTOB TICYEHHW, TMOBBIMIAs KOHIEHTPALMIO aKTUBHBIX
METaboJINTOB B IUIa3Me KPOBH M CHCTEMHYIO TOKCHYHOCTB. [Ipn
MaTOJIOTHH TIOYEK MOBBIIIEHHBIH YPOBEHb anb(a-1-Kucioro

TJIMKOIIPOTCHUHA CHMXKACT KOHIICHTpalnuro HCCBA3aHHBIX
MECTHBIX AaHCCTCTHKOB, 4YTO CHHXKACT 3(1)(1)CKTI/IBHOCTB nu
YBCJIUYMBACT HAKOIUICHUEC HW  TOKCHUYHOCTD. Cepﬂeqﬂo—

COCYAUCTBIC HApyHICHHUA CHUKAIOT NEYCHOYHYIO nep(by:-smo
u cepzxeqHLIﬁ BLIGpOC, npoajieBass N€puoOa MOJTYBBIBEACHUS U
NOBbIIIasA PUCK KapAUOTOKCUYHOCTHU. FI/IHepTI/IPCO?) YCKOpsICT
MeTaboau3M U COKpamaer HeﬁCTBHe AHECTCTHUKA, B TO BpeMA
KakK TUIIOTUPCO3 U CaXElpHBIfI ﬂI/IaGCT 3aMCJIAI0OT BBIBCICHUC,
HW3MEHSIOT CBA3BIBAHUE C OEJIKaMU U MOBLIIIAIOT TOKCUYHOCTD.

BLIBO}I: BBUAY TOro, 4TO CHUCTEMHBLIC 3a00J1€BaHHS MOTyT
U3MCHATH 6HOZ[OCTyHHOCTI>, MeTaboau3M U (bapMaKOKI/IHeTI/IKy
MECTHBIX aHCCTCTHKOB HeO6XOI[I/IMO WHAWBUAYAJIU3UPOBATH
MPOTOKOJI BBIITOJIHCHUSA aHECTEC3UHN Y TAKUX MAUCHTOB, UCXOAA
u3 KOHerTHOﬁ COHyTCTByIOHIeﬁ I1aTOJIOTHH.
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(apmakoguHaMUKa,  OMOJOCTYIHOCTb,  COIYTCTBYIOLIHE
3a00JI€BaHHUS.
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