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ABSTRACT

The institutionalization of halal pharmaceutical frameworks has transformed from a theological preference into an essential benchmark of patient autonomy
and contemporary clinical ethics, particularly within Muslim-majority nations like Indonesia. Within the complex landscape of anesthesiology, selecting
perioperative agents presents significant ethical and pharmacological challenges due to the intricate molecular lineage of active pharmaceutical ingredients
(APIs) and auxiliary excipients. This study provides a comprehensive molecular and legal mapping of the most widely utilized anesthetic agents in
Indonesian healthcare facilities. Using a narrative review framework integrating international biochemical standards with traditional Islamic jurisprudence
(Magqashid al-Shariah), we evaluate the critical control points of active compounds, solvents, stabilizers, and plasma expanders. The results demonstrate
that while a substantial majority of modern synthetic volatile gases and local anesthetics are inherently permissible, profound halal vulnerabilities persist in
lipid emulsions requiring animal-derived lecithins or polyols, and macromolecular plasma expanders. Crucially, porcine-derived materials remain prevalent
in standard perioperative anticoagulants like systemic heparin, requiring the legal invocation of the principle of medical necessity (Al-Darurat Tubih al-
Mabhzurat). This review establishes an authoritative clinical and ethical guide for healthcare providers to optimize informed consent, support patient spiritual

integrity, and stimulate green-synthesis pharmacological innovations.
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Introduction

Modern healthcare delivery in the contemporary era demands
not only the meticulous execution of evidence-based clinical
protocols but also the integration of bioethical paradigms that
respect the religious and spiritual convictions of patients as an
essential dimension of individual autonomy. Within the Republic
of Indonesia, which harbors the largest Muslim population
globally, the systemic provision of halal-certified medicinal
products has transitioned into a strict national legislative mandate
under Law Number 33 Year 2014 concerning Halal Product
Assurance, which progressively enforces certification across
all pharmaceutical classifications [1]. Despite this regulatory
impulse, the practical execution of halal compliance within
perioperative medicine and intensive care units encounters
multi-layered clinical, technological, and chemical structural

gridlocks. This complexity arises due to the high-acuity nature
of surgical interventions and the structural reliance of healthcare
facilities on a highly centralized, globalized pharmaceutical
supply chain dominated by multinational corporations [2].
Anesthetic drugs are highly complex formulations where
the active pharmaceutical ingredients, auxiliary stabilizers,
secondary solvents, and carrier vehicles often involve animal-
derived raw components or biochemical processing aids that are
invisible in the final clinical formulation [3].

The psychological status of a patient undergoing surgery is
profoundly affected by their perception of the spiritual purity of
substances administered directly into their systemic circulation
or inhaled via respiratory mucous membranes. Unaddressed
apprehensions regarding the potential presence of prohibited
substances, specifically porcine-derived elements or components
sourced from un-Islamic slaughter lineages, frequently trigger
elevated preoperative anxiety [4]. This elevated emotional stress
is clinically documented to precipitate sympathetic nervous
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system hyperactivation, leading to perioperative hemodynamic
instability, increased minimum alveolar concentration
requirements, and sub-optimal postsurgical recovery outcomes
[5]. Consequently, the contemporary anesthesiologist practicing
in Indonesia must look beyond mere macroscopic drug names
and develop an advanced, molecular-level understanding of
both the pharmacological matrix and the corresponding Islamic
jurisprudential status of each perioperative agent used in daily
practice [6].

Methods

This cross-disciplinary evaluation was conducted by employing
a narrative review and chemical mapping methodology, cross-
referencing global biochemical and manufacturing data with the
authoritative jurisprudence frameworks issued by national and
international Islamic bodies.

Pharmacological profiles, molecular compositions,
manufacturing steps, and excipient lineages were retrieved
from reference databases, including the United States Food
and Drug Administration (FDA) orange book, European
Medicines Agency (EMA) product specifications, PubMed,
Scopus, and the Cochrane Library [7]. These scientific datasets
were systematically evaluated against the legislative standards
of the Indonesian Food and Drug Authority (BPOM), the
formal fatwas of the Indonesian Ulema Council (MUI), and
the international resolutions of the International Islamic Figh
Academy [8]. The inclusion criteria focused on perioperative
agents actively distributed and utilized within the Indonesian
clinical ecosystem, spanning intravenous induction molecules,
inhalational volatile ethers, muscle relaxants, opioid analgesics,
regional local anesthetics, and fluid resuscitation expanders
[9]. Each pharmaceutical formulation was broken down into its
constituent elements to identify Halal Critical Control Points
(HCCPs), particularly evaluating the biochemical provenance of
organic stabilizers, cryoprotectants, and lipid carriers [10].

Results

The molecular deconstruction of perioperative medications
utilized in Indonesian hospitals reveals a highly heterogeneous
landscape regarding chemical synthesis lineages and the
subsequent risk of contamination by non-halal materials.
Intravenous induction agents represent the first major domain of
clinical concern, particularly the lipophilic anesthetic propofol
[11]. Because propofol is structurally insoluble in aqueous
media, its clinical distribution relies entirely on an oil-in-water
lipid emulsion vehicle consisting of soybean oil, purified egg
phospholipids, and glycerol. Purified egg lecithin and glycerol
constitute highly sensitive critical points; the extraction and
purification of these lipids frequently utilize industrial enzymes
or chemical filters whose structural derivation must be verified to
exclude porcine-derived pancreatic phospholipases or non-halal
animal fats [12]. Conversely, alternative induction agents such
as ketamine hydrochloride and etomidate display a significantly
lower risk profile due to their pure organic chemical synthesis
pathways, though the propylene glycol vehicle in etomidate
demands rigorous tracing to ensure that the initial chemical
building blocks are entirely synthetic or plant-derived [13].

Inhalational anesthetic molecules, which include sevoflurane,
isoflurane,anddesflurane, representacategory ofpharmacotherapy

that is highly compliant with halal requirements. These volatile
gases are halogenated methyl ethyl ethers synthesized via pure
fluorination reactions in controlled laboratory environments
without any exposure to biological tissues, rendering them
inherently pure (*suci*) and completely permissible for clinical
inhalation [14]. However, the pharmacological landscape grows
considerably more complex when evaluating neuromuscular
blocking drugs, such as rocuronium bromide, atracurium
besylate, and vecuronium bromide, which are necessary to
achieve optimal skeletal muscle relaxation for endotracheal
intubation and mechanical ventilation [15]. Although the core
active molecules are semi-synthetically derived from naturally
occurring plant alkaloids, their industrial formulation as stable
liquid solutions requires the inclusion of pH-adjusting buffers,
stabilizers, and preservatives that may incorporate stearic acid
derivatives or polyols whose source verification relies heavily
on documentation from specialized chemical suppliers [16].

The most acute and bioethically challenging halal vulnerabilities
within Indonesian perioperative medicine are found within
the structural classifications of systemic anticoagulants and
macromolecular plasma expanders. Systemic heparin sodium,
which remains the absolute clinical standard for maintaining
vascular patency during cardiopulmonary bypass, vascular
graft surgeries, and continuous renal replacement therapy, is
manufactured via the industrial extraction of mucosal tissue from
the small intestines of slaughtered pigs [17]. Because porcine
products are categorized as an absolute najis mughallazah
(severe impurity) under Islamic law, their introduction into the
human vascular system is fundamentally prohibited under non-
emergency circumstances [18]. Similarly, macromolecular fluid
resuscitation fluids based on gelatin, which are widely deployed
to restore intravascular volume during severe hemorrhagic or
distributive shock, are derived from the partial hydrolysis of
collagen extracted from the skin and bones of animals. The vast
majority of global commercial gelatin is generated from porcine
or non-halal bovine carcasses, thereby representing a severe
breach of standard halal guidelines unless explicitly certified
from verified, ritually slaughtered bovine sources [19].

Opioid analgesics used for balanced anesthesia and post-
operative pain management, including fentanyl citrate,
morphine sulfate, and pethidine hydrochloride, are synthetic
phenylpiperidine derivatives or purified poppy plant alkaloids
that do not inherently incorporate animal-derived biochemical
structures [20]. The primary critical point for these high-
potency controlled substances involves the industrial use of
ethanol or organic alcohols as secondary solvents during mass
crystallization and fractional purification processes, which must
strictly comply with national halal tolerances to guarantee that the
final pharmaceutical matrix does not contain any trace elements
of intoxicants [21]. Furthermore, local anesthetic molecules
utilized for neuraxial blocks and peripheral nerve infiltrations,
such as lidocaine hydrochloride, bupivacaine hydrochloride,
and ropivacaine hydrochloride, are purely synthetic amino-
amides that are safe from animal-derived materials. Yet, multi-
dose vials or combined formulations featuring epinephrine as a
local vasoconstrictor frequently add sodium metabisulfite as an
antioxidant and glycerin as a stabilizer, reintroducing a critical
tracking point for the origin of the glycerin component [22].
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Detailed Pharmacological and Molecular Halal Matrix
To provide an exhaustive, high-resolution clinical guide for healthcare practitioners, the complete molecular profiles, primary clinical
applications, side effect profiles, exact chemical constituents, and detailed halal compliance statuses of the primary anesthetic agents
utilized across the Indonesian archipelago are systematically mapped in the comprehensive analytical framework below.

Imidazole Induction
Agent)

patients with severe
cardiovascular
compromise or
coronary artery disease.

11-beta-hydroxyl ase
inhibition, severe
myoclonus upon
injection, postoperative
nausea.

Drug Name & Primary Clinical Documented Clinical | Detailed Molecular & | Molecular Halal Status &
Classification Application Side Effects Chemical Constituents | Critical Control Points
Ketamine Induction of anesthesia | Sympathetic 2-(2-chlorophen HALAL COMPLIANT:
Hydrochloride in hemodynamicall stimulation yl)-2-(methylami no) Entirely produced via
(Dissociative y unstable patients; (tachycardia, cyclohexan-1 organic chemical synthesis
Anesthetic / procedural sedation; hypertension), -one hydrochloride routes. Preservatives and
Analgesic) refractory chronic pain | emergence delirium, (API); Formulated in vehicles are non-animal.
management. vivid hallucinations, aqueous solution with | No biological tissue
hypersalivation. benzethonium chloride | exposure during standard
as a preservative. manufacturing lineages.
Etomidate Induction of general Transient adrenocortical | Ethyl 3-(1-phenylethyl | HALAL COMPLIANT:
(Carboxylated anesthesia in suppression via )imidazole-4-car The imidazole core

boxylate (API);
Dissolved in 35%
v/v propylene glycol
aqueous vehicle.

structure is purely
synthetic. Propylene glycol
carrier must be verified as
synthetic or derived from
plant-based glycerol rather
than animal fat processing.

accumulation of
central nervous system
stimulant laudanosine.

Sevoflurane Induction and Dose-dependent 1,1,1,3,3,3-hexa HALAL COMPLIANT:
(Volatile maintenance of general | myocardial depression, | fluoro-2-(fluorom Halogenated methyl ethyl
Inhalational anesthesia via face vasodilation, emergence | ethoxy)propane (API); | ether synthesized via pure
Anesthetic) mask or laryngeal mask | agitation in pediatric Distributed as a pure, chemical fluorination.
airway. populations, potential un-formulated volatile | Free from any biological,
Compound A formation | liquid. animal, or microbial
with dry carbon dioxide fermentation media. Highly
absorbents. suci.
Rocuronium Facilitation of rapid Transient tachycardia, 1-[(2b,3a,5a,16b)-17- HALAL COMPLIANT:
Bromide sequence or routine mild cutaneous allergic | (acetyloxy)-3-hydroxy- | Derived semi-syntheticall
(Amino-steroidal endotracheal intubation; | reactions, prolonged 2-(4-morpholinyl) y from the plant alkaloid
Neuromuscular skeletal muscle neuromuscular and rostan-16-yl]-1- malouetine. The mineral
Blocker) relaxation during major | blockade in hepatic (2-propenyl) pyrro salts and buffer solutions
surgery. insufficiency. lidinium bromide are purely inorganic,
(API); Formulated with | eliminating animal-derived
sodium acetate and contamination risks.
sodium chloride.
Atracurium Skeletal muscle Histamine release 2,2'-(3,11-dioxo- HALAL COMPLIANT:
Besylate relaxation in patients causing localized 4,10-dioxatridec Fully synthetic chemical
(Benzylisoquinol with severe hepatic or | flushing, reflex ane-1,13-diyl) bis structure developed to
inium renal impairment due to | tachycardia, [1-(3,4-dimethox undergo spontaneous
Neuromuscular unique organ-independ | hypotension, ybenzyl) -6,7-dim Hofmann elimination.
Blocker) ent clearance. bronchospasm; ethoxy-2-methyl Free from animal-based

-1,2,3 ,4-tetrahyd
roisoquinolinium]
dibesylate (API);
Dissolved in water for
injection.

processing agents or
contaminated structural
stabilizers.
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Heparin Sodium Anticoagulation for Severe bleeding Highly sulfated HARAM / HIGHLY
(Systemic cardiopulmonary complications, glycosaminoglyc CRITICAL:
Unfractionated bypass surgeries, heparin-induced an polymer chain Industrially extracted
Anticoagulant) vascular interventions, | thrombocytopeni a composed of alternating | almost exclusively from the
continuous renal (HIT) Type I and II, units of D-glucosamine | mucosal layers of porcine
replacement therapy, transient transaminase | and D-glucuronic or (pig) small intestines due
and extracorporeal elevations, osteoporosis | L-iduronic acid (API); | to high concentration and
membrane oxygenation. | under chronic exposure. | Extracted from tissue yield. Prohibited under
matrices. standard conditions.
Classified under emergency
medical necessity
(*Darurah*) if no bovine
or synthetic alternatives are
available.
Gelatin-Based Emergency Anaphylactoid Polypeptide chains HIGHLY CRITICAL
Fluids intravascular volume reactions due to obtained by the partial | (Haram / Syubhah): The
(Colloidal Plasma | replacement during histamine release, breakdown and thermal | protein matrix is generated
Expander) acute hemorrhagic structural impairment | hydrolysis of animal via the boiling of skins,
shock, major trauma, or | of platelet aggregation, | collagen (API); connective tissues, and
profound hypovolemia. | potential exacerbation | Formulated in isotonic | bones of slaughtered
of acute kidney injury. | sodium chloride pigs or cows. Porcine
solution. gelatin is strictly haram.
Bovine gelatin is only
permissible if the cattle
were slaughtered according
to strict Islamic Shariah
protocols.
Fentanyl Citrate Intraoperative Respiratory depression, | N-(1-phenethylpi HALAL COMPLIANT:
(Synthetic analgesia; attenuation | profound bradycardia, | peridin-4-yl)-N-p Synthesized purely
Phenylpiperidine of hemodynamic truncal (chestwall) henylpropionami via chemical pathways
Opioid) responses to rigidity when de citrate (API); (Janssen method). The
laryngoscopys; administered via rapid | Formulated in sterile structural building blocks
continuous intravenous bolus, water with sodium are synthetic organic
postoperative patient- | postoperative pruritus, | chloride. compounds. The industrial
controlle d analgesia. nausea. purification process
must be monitored for
compliance with ethanol
residual limits.
Lidocaine Infiltration anesthesia, | Local anesthetic 2-(diethylamino) HALAL COMPLIANT:
Hydrochloride peripheral nerve blocks, | systemic toxicity -N-(2,6-dimethyl Synthetic amino-amide
(Amino-Amide neuraxial epidural (LAST) presenting as | phenyl) acetamid e molecule. The base
Local Anesthetic) anesthesia, systemic perioral numbness, hydrochloride (API); chemical structures are
management of seizures, cardiovascular | Formulated in aqueous | entirely non-biological.
ventricular arrhythmias. | collapse; localized solutions, with or Vials containing added
neurotoxicity at high without preservatives. | epinephrine must be
concentrations. verified to ensure the added
glycerin is vegetable-derive
d.
Discussion

The explicit molecular and chemical documentation of anesthetic agents deployed within Indonesia reveals a profound bioethical
tension between classical Islamic jurisprudence (*Figh*) and advanced clinical necessity [23]. Under the foundational objectives of
Islamic law (*Maqashid al-Shariah*), the preservation of human life (*Hifz al-Nafs*) occupies a superior hierarchical position to the
strict avoidance of forbidden substances when an immediate, irreconcilable conflict arises in a life-threatening situation [24]. This
paradigm finds its expression in the universal legal maxim of *Al-Darurat Tubih al-Mahzurat*, which dictates that acute medical
necessities render otherwise prohibited substances legally permissible to prevent mortality or catastrophic physiological failure
[25]. Thus, the administration of porcine-mucosal derived heparin during emergency cardiac revascularization or the deployment of
porcine-hide gelatin fluids to resuscitate an exsanguinating trauma patient is fully validated and religiously sanctioned under Islamic
bioethics, as there are currently no globally scaled, clinically identical substitutes available within the domestic Indonesian market
[26].
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Beside the invocation of the principle of necessity is legally
bound by the corollary maxim stating that emergency exceptions
are strictly limited to the precise duration and scope of the crisis.

This implies that the clinical community, the pharmaceutical
manufacturing industry, and national health ministries cannot
remain passive; they possess an ongoing moral and legal
obligation to aggressively invest in, develop, and transition
toward completely halal or synthetic alternatives [27]. Promising
scientific advancements are emerging globally, such as the
synthesis of bioengineered low-molecular-weight heparins
derived from microbial fermentation tanks or the structural
optimization of bovine heparins sourced from ritually compliant
cattle [28]. Furthermore, the formulation of novel lipid vehicles
for lipophilic compounds using non-animal surfactants and
micro-emulsions demonstrates that technological innovation can
effectively bridge the gap between rigorous scientific excellence
and religious compliance, thereby enhancing the holistic delivery
of culturally competent perioperative care[29,30].

Conclusion

This comprehensive pharmacological and molecular evaluation
confirms that while the majority of mainstream anesthetic
molecules utilized in contemporary Indonesian healthcare
settings are synthetic and inherently permissible, significant
critical control points persist within carrier fluids, stabilizers,
and specialized macromolecules. The persistent utilization of
porcine-derived systemic anticoagulants and non-halal animal
gelatin expanders represents a critical bioethical issue that
is temporarily resolved via the jurisprudential framework of
medical necessity (*Darurah*). Moving forward, achieving
absolute compliance requires systematic collaboration between
anesthesiologists, pharmaceutical chemists, national regulatory
bodies (BPOM), and halal certification institutions to accelerate
the domestic availability of certified, synthetic, or plant-based
alternatives. Ensuring that every substance entering the human
body during surgery adheres to both the highest medical safety
standards and spiritual purity guidelines is essential to truly
honor patient autonomy and deliver comprehensive, holistic
healthcare in Indonesia.
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