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Role of Pharmacists and Nurses to Avoid
Physicochemical Drug Interactions to
Ensure Patient Safety
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Abstract

Healthcare professionals such as nurses and pharmacists play a vital role in patient care. The paper underscores
the roles of nurses and pharmacists in reducing physicochemical drug interaction and improving patient safety
thereby improving the overall healthcare system. A comprehensive literature analysis was done to investigate the
impact of physicochemical drug interactions, the responsibilities of nurses and pharmacists in minimizing these
interactions, and the value of multidisciplinary teamwork. The study also contains therapeutic recommendations
for avoiding drug-drug, drug-food, and drug-nutrient interactions. There has been an increasing rate of medication
error due to the physicochemical interaction of the drugs. The unexpected side effects during patient treatment
are particularly concerning, as they can elevate mortality and morbidity rates while driving up therapeutic costs.
The data show that approximately 50% of pharmaceutical mistakes are caused by physicochemical interactions,
particularly in intravenous dose forms. Nurses and pharmacists can work together to prevent these errors by
checking medication compatibility, continuously monitoring patient reactions, and revising compatibility
recommendations. As a team, pharmacists can examine prescriptions to avoid contraindicated drug combinations,
while nurses, as frontline caretakers, ensure that drugs are administered correctly and the food administered to the
patient does not negatively interact with the medications. Both experts must work together to discover and avoid
physicochemical incompatibilities, which improves patient safety and lowers healthcare costs. This coordinated
approach is critical for reducing prescription mistakes while improving the overall stability and efficacy of
pharmacological formulations in patient care.
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INTRODUCTION unanticipated side effects during patient treatment, which can
raise the mortality and morbidity rate while also increasing
he need to enhance the patient care therapeutic costs. One crucial aspect of these challenges is
I system globally has seen an immense
rise within the healthcare community.
With ever-increasing demand in the healthcare
department, there have been numerous
challenges associated with the healthcare
system, which include limited resources, high
surge in healthcare costs, increased medical
errors, lack of trained professionals, etc. which
eventually hampers the healthcare system.[!
The two most common challenges linked with
the healthcare system are medication errors and
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cochemical drug interactions

the prevention of physicochemical drug interactions. Both
the pharmacist’s and the nurse’s roles become paramount to
identify these physicochemical interactions and eradicate
them to avoid any pernicious effect on a patient’s life. Nurses
and pharmacists together can be a robust team in preventing
redundancies and improving the safety of patients.!

Physicochemical interactions of medications are how
pharmaceuticals interact with one another or with biological
systems depending on their chemical and physical qualities.
These interactions can have an impact on medication
pharmacokinetics (absorption, distribution, metabolism,
and excretion) as well as pharmacodynamics (body
effects). Incompatibilities might be physical (precipitation,
effervescence, and color changes) or chemical (>10%
degradation of a produced component within 24 h).
One of the most common and severe physicochemical
interactions is observed in the intravenous (IV) route of
drug administration.™! Physicochemical interaction in IV
preparations may also result in venous catheter occlusion,
toxic compound formation, embolism, or local/systemic
inflammatory reactions. Thus, compatibility must be assured
before the co-administration of medicines.!®!

Another major cause of physicochemical interaction is
the co-administration of various medications and foods.
Healthcare providers, such as nurses and pharmacists can
play a vital role in addressing the safety of medications and
avoiding any contra-indications.!”

UNDERSTANDING PHYSICOCHEMICAL
INCOMPATIBILITY

Drug incompatibility can be defined as the unwanted
interaction between the ingredients of the pharmaceutical
dosage form between the 2 co-administered drugs or between
food and drug which results in a change in the physical,
chemical, or therapeutic effect of the drug.®! It can also be
defined as the unintentional change in the pharmacokinetic
or pharmacodynamic properties of the drug when
co-administered with other incompatible substances. These
incompatibilities affect the safety, appearance, and overall
stability of pharmaceutical preparation.”’ Hence the nurse
and pharmacist should use their knowledge to overcome
such incompatibility. Some key physicochemical interactions
that can occur include drug-drug interaction, drug-food
interaction, and drug-nutrient interaction.

Drug-drug interaction

A drug-drug interaction is defined as the unwanted interaction
between two or more drugs when co-administered. The
interaction can result in altered drug levels in the body or
lead to severe side effects. For instance, mixing blood
thinners like warfarin with non-steroidal anti-inflammatory
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drugs medicines like ibuprofen can raise the risk of
bleeding.['¥ Similarly, certain antidepressants known as
selective serotonin reuptake inhibitors can combine with
other drugs that influence serotonin levels, resulting in a
potentially fatal condition known as serotonin syndrome.'!

Many such interactions have been observed and the clinical
implications of such interactions are significant and require
careful management by healthcare professionals [Table 1].
Pharmacists and nurses can work together to reduce such
implications. Pharmacists can thoroughly review patients’
prescriptions and ensure no contra-indicated drugs are
administered together.'>'3] Nurses who are frontliners in
patient care can ensure the correct dosing of the drug and
ensure no contraindicated drugs are administered to the
patients.['¥

From the above table, we can infer the role of nurses and
pharmacists in avoiding different interactions. Nurses
play a critical role in avoiding medication interactions by
closely monitoring patients for signs and symptoms of
side effects. They should have a thorough awareness of
typical medication interactions, especially those involving
pharmacokinetic and pharmacodynamic incompatibilities.
Proactive measures include a thorough medication history
review, vigilant monitoring throughout administration, and
prompt reporting of any unexpected symptoms or evidence
of drug incompatibility.’!! Nurses must also be able to
recognize medication incompatibilities, such as precipitation
or discoloration in IV fluids. Effective communication
with chemists is critical for resolving questions, receiving
professional advice, and ensuring prompt intervention. By
following established standards, nurses can help to reduce
the likelihood of adverse medication events.['¥

Pharmacists play a critical role in medication safety by
aggressively reducing drug interactions. Their thorough
understanding of pharmacology allows them to detect
probable incompatibilities during drug assessment and
prescription evaluation. Pharmacists should understand
pharmacokinetic and pharmacodynamic interactions to
predict and reduce hazards."*”! Creating and updating thorough
compatibility charts is critical for directing healthcare
practitioners. Furthermore, chemists may help by teaching
healthcare providers about medication interactions and
stressing the significance of monitoring patients for side
effects. Collaboration with nurses to optimize drug regimens
and swiftly resolve issues is critical.®® Taking a proactive
approach to medication safety allows chemists to drastically
minimize the possibility of drug interactions while also
improving patient outcomes.

Drug-food interaction

The consequences of food-drug interactions are serious,
ranging from treatment failure to severe adverse reactions.
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Table 1: Examples of drug-drug interactions

Interaction type Mechanism Potential Examples Role of nurses and pharmacists
outcome
Pharmacokinetic Changes in The altered Antacids reduce Pharmacists: Conduct
incompatibility's'¢!  the absorption, concentration the absorption of comprehensive medication
distribution, of the drug in tetracyclines. Warfarin  reviews, use interaction-checking

Pharmacodynamic
incompatibility'”

Pharmaceutical
incompatibility®

Synergistic
effect!™

Antagonistic
effect2d

metabolism, or
excretion of a drug

Increase or
decrease in the
therapeutic effect
of the drug leading
to synergistic or

antagonistic effects

Physical or chemical

incompatibility

The combined effect

of two drugs leads
to a greater effect

than the sum of their

individual effects

One drug reduces
or counteracts the
effect of another

the blood leads
to decreased
efficacy or toxicity

Enhanced or
diminished
therapeutic
effects or
increased risk of
adverse effects

Formation of
precipitates or
inactivation of
drugs

Enhanced
therapeutic effect

Reduced
therapeutic
efficacy

drug

metabolism is affected
by enzyme inducers/
inhibitors

tools, and adjust doses based

on drug levels. Nurses: Monitor
patients for signs of altered drug
effects and report to pharmacists or
physicians

Pharmacists: Guide safe
medication combinations, and
monitor for therapeutic efficacy and
adverse effects. Nurses: Observe
patients for any adverse reactions
and effectiveness of therapy, and
report issues promptly

Concurrent use

of opioids and
benzodiazepines
leading to

excessive sedation.
Non-steroidal
anti-inflammatory
medicines and
anticoagulants
increase bleeding risk

Calcium gluconate
and sodium
bicarbonate

Pharmacists: Ensure proper

drug compatibility before

mixing, and educate on proper
administration techniques. Nurses:
Follow guidelines for mixing

and administering medications,
and report any issues with drug
solutions

Combination of
antibiotics (e.g.,
penicillin and
gentamicin) for
improved bacterial
killing

Pharmacists: Assess the potential
benefits and risks of drug
combinations, and ensure the
appropriateness of the therapy.
Nurses: monitor patient response
to combination therapies and report
any significant changes or side
effects

Opioids and naloxone Pharmacists: Advise on appropriate
timing and dosing schedules, and
consider alternative treatments.
Nurses: Ensure correct timing

of drug administration, and
communicate any concerns about

drug interactions to pharmacists.

Alcohol, for example, might extend the effects of insulin or
oral diabetic medications, resulting in dangerously low blood
sugar levels.?* It may also combine with acetaminophen,
raising the risk of serious liver damage, or with antihistamines
such as Benadryl, causing greater drowsiness. Understanding
these interactions is critical for patients seeking to manage
their medicines efficiently and safely. Health professionals,
such as nurses and pharmacists, play an important role in
educating patients about these interactions and offering
advice on how to reduce risks. To avoid possible hazardous
interactions, it is advised to the patients to contact their
healthcare professionals before changing their diet or drug
routine.*
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In addition to absorption, drug-food interaction can also affect
the metabolism of the drug. The presence of certain nutrients
or food compounds can inhibit or enhance the metabolism of
the drug thereby affecting the drug clearance rate. For example,
the flavonoids in grapefruit juice inhibit P-glycoprotein and
CYP3A4, which can lead to elevated plasma levels of drugs
metabolized by these pathways, increasing the risk of toxicity.
Conversely, foods rich in Vitamin K, such as leafy greens, can
counteract the effects of anticoagulants like warfarin, reducing
their efficacy and potentially leading to thromboembolic
events.* An intelligent collaboration between healthcare
professionals can help in avoiding such unnecessary interactions.
Table 2 highlights some important drug-food interactions.
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Drug-nutrient interactions

Nutrient-drug interactions occur when a nutrient in the ingested
meal influences the medicine. To avoid adverse effects, factors
such as the timing of drug administration and the kind of food
consumed must be regulated. Certain long-term medications
can also affect the nutritional health of the patient and may
lead to vitamin and mineral deficiencies.?**”! For instance,
laxatives can reduce absorption of several vitamins and
minerals by forcing food to pass quickly through the body,
resulting in poor nutritional uptake.***! Furthermore, several
anticonvulsants can reduce folate absorption.“” Medications
can also lower nutrient synthesis. For example, bacteria in
the intestines create Vitamin K, but antibiotics, in addition to
killing bad bacteria, can also kill beneficial bacteria, including
those that make Vitamin K. Furthermore, drugs might
impair the body’s capacity to metabolize nutrients. Some
anticonvulsants, for example, change the activity of liver
enzymes, increasing the metabolism of folate, Vitamin D,
and Vitamin K.[*#? Details of specific nutrients affecting the
absorption of drugs are given in Table 3.

Clinical implications
Avoid consuming
soybean-related food.

Levothyroxine and

Examples
soybean

ROLE OF NURSE AND PHARMACIST
TO REDUCE PHYSICOCHEMICAL
INCOMPATIBILITY IN INTENSIVE CARE
UNIT (ICU)

Potential outcome
Decrease the effect of
the thyroid medication

ICUs are high-risk environments, with medication mistakes
common due to the complexity of patient care. Critically
ill patients frequently require numerous high-alert drugs,
including opioids, sedatives, and insulin, raising the risk of
adverse drug events. According to research, there is a high
association between patient severity and medication mistake
rates in ICUs.FY For example, studies have shown that ICU
patients are given twice as many drugs as normal ward
patients, and the rate of avoidable medication mistakes is
proportionally greater. The use of weight-based dosage for
drugs such as antibiotics, vasopressors, and anticoagulants
complicates matters even further, as estimating mistakes
might result in pharmaceutical dose problems."*?!
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fiber, which decreases
absorption and increases
elimination of thyroid
supplements

Reason behind the
phytoestrogens and

interaction
Soybean has

Type of
effect
Decreased
effect

Nurses are the frontier in the healthcare system and
play a critical role in the management and reduction of
physicochemical incompatibilities in the ICU as they
closely monitor and manage the medication administration
of critically ill patients. They are typically responsible for
ensuring the compatibility of the drug before administrating
to the patients.’? Their job also involves checking for any
physical-chemical or therapeutic incompatibilities between
co-administered drugs. To make educated selections, they
frequently consult with pharmacists, use compatibility tables,
and follow rules.™ Proper labeling, timely administration,
and timely vigilant observation for signs of incompatibility
(such as color changes or precipitate formation) are essential
nursing responsibilities that help prevent adverse drug

Type of
interaction
Decrease
absorption

Soybean formulas
MAO: Monoamine oxidase

with thyroid
supplements®®

Drug-food
interaction
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reactions and ensure patient safety. The nurses can also
take care of the diet of the patient based on the drug being
administered to the patient.’¥ This would help avoid any
food-drug interaction and improve the healthcare system.

Contrary, pharmacists have a very specialized role in
preventing drug incompatibility in the ICU through their
intensive knowledge of the drugs. Pharmacists can play a
vital role in drafting a medication routine for an ICU patient
keeping in mind the possible drug interactions and avoiding
co-prescribing such drugs. The pharmacist also keeps track
of any nutrient supplement or any other disease the patient
has and therefore can prescribe the drugs accordingly. They
play an integral part in developing and updating compatibility
guidelines and protocols that nurses and other healthcare
providers follow.*¥ They along with nurses and physicians
can help in providing alternative treatment regimens in case
of any incompatibilities detected and therefore provide total
care to the ICU patients.

Effective interdisciplinary collaboration between the
pharmacist and the nurses is critical in mitigating
unintentional physicochemical incompatibilities. The duo has
shown tremendous improvement in reducing the healthcare
cost of individuals and reduction in unnecessary side effects
due to medication errors. The duo’s complimentary expertise
leverages the treatment. Their teamwork can help in the
identification of any issue promptly and addressing them for
smooth treatment.5 Regular multidisciplinary meetings, as
well as the usage of electronic health records to document
and share medication compatibility data, can help to improve
collaboration. Pharmacists may give training sessions and
updates on new medication incompatibility discoveries,
while nurses can provide their views and experiences for
smooth collaboration.]

This combined effort would in turn help in providing
extensive and improved care to ICU patients. By preventing
drug incompatibilities, healthcare professionals can provide
more stable care to the patient without weighing any
unnecessary financial burden on the patients. It can also help
in avoiding any life-threatening cases such as occluded 1V
lines, therapeutic failures, or toxicities.®” This proactive
strategy not only improves the safety and effectiveness of
patient care but also contributes to the optimization of overall
healthcare delivery in the ICU.5¥ Patients benefit from a
more simplified and safe medicine delivery method, resulting
in speedier recovery periods and better overall health results.

PHARMACIST AND NURSES IN
PROVIDINGPARENTERALNUTRITIONAL
SUPPORT

The administration of several IV products through the same
catheter is a regular occurrence in ICU patients, where
the stakes are high and the consequences are not always
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apparent to nurses. When certain terminally ill patients are
unable to tolerate oral feeding, they are given IV nutritional
formulations to provide them with essential nutrients, either
to sustain life in the event of a critical illness or to maintain
their health by providing nutrients in which they are deficient.
This is referred to as parenteral nutrition (PN) treatment.l*”!
The PN formulations are complex combinations containing
both macronutrients (amino acids, dextrose, and injectable
fat emulsions) and micronutrients (electrolytes, vitamins,
and minerals).l®”! This formulation can be tailor-made by the
pharmacist as per the needs of the patient. To ensure the safety
of the patient, nurses can be vigilant during the PN therapy
and ensure no drug interacts with these nutrients.l®’ Both
pharmacist and nurses can monitor their drug prescriptions to
ensure no drug-nutrition interactions take place.

CONCLUSION

The prevention of physicochemical drug interactions is critical
for improving patient safety and lowering the risks associated
with medication mistakes in healthcare systems. The complexity
of these interactions particularly drug-drug interaction,
drug-food interaction, and ICU requires vigilant monitoring
and proactive measures. Pharmacists play an important
role in evaluating prescriptions to avoid inappropriate drug
combinations and ensure that pharmaceutical pharmacokinetics
and pharmacodynamics are not compromised. Nurses, as
frontline caretakers, are responsible for the proper administration
of these medications, monitoring the diet of the patient, and
continuously monitoring for symptoms of incompatibility.
Hence collaboration among the healthcare team is essential.
Nurses can collaborate with doctors, pharmacists, and other
healthcare professionals to coordinate care, review treatment
plans, and address any concerns or changes in the patient’s
condition. By working in collaboration, healthcare professionals
contribute to safer and more effective treatment leading to
better patient outcomes and a more efficient healthcare system.

ACKNOWLEDGMENT
The authors extend their appreciation to the Deanship of
Scientific Research at Northern Border University, Arar,

KSA for funding this research work through the project
number “NBU-FFR-2024-2042-03.”

ETHICAL DISCLOSURE

None required.

REFERENCES

1. McLiesh P, Wiechula R, Rasmussen P. Institutional
ethnography: A methodology for exploring complex




cochemical drug interactions

10.

I1.

12.

13.

14.

15.

problems in healthcare systems. Nurs Health Sci
2024;26:e13152.

Fahimi F, Forough AS, Taghikhani S, Saliminejad L. The
rate of physicochemical incompatibilities, administration
errors. Factors correlating with nurses’ errors. Iran J
Pharm Res 2014;14:87-93.

Daibes MA, Qedan RI, Al-Jabi SW, Koni AA, Zyoud SH.
Nurses’ knowledge and practice regarding mixing
medications with food: A multicenter cross-sectional
study from a developing country. J Health Popul Nutr
2023;42:52-9.

Rabba AK, Abu Hussein AM, Abu Sbeih BK, Nasser SI.
Assessing drug-drug interaction potential among patients
admitted to surgery departments in three Palestinian
hospitals. Biomed Res Int 2020;2020:9634934.
OyannaV,ClarkeJD.Mechanismsofintestinalpharmacokinetic
natural product-drug interactions. Drug Metab Rev 2024;1-
17. DOI: 10.1080/03602532.2024.2386597

Oduyale MS, Patel N, Borthwick M, Claus S.
Co-administration of multiple intravenous medicines:
Intensive care nurses’ views and perspectives. Nurs Crit
Care 2020;25:156-64.

Vinks TH, de Koning FH, de Lange TM, Egberts TC.
Identification of potential drug-related problems in the
elderly: The role of the community pharmacist. Pharm
World Sci 2006;28:33-8.

Degefu N, Getachew M, Amare F. Knowledge of
drug-food interactions among healthcare professionals
working in public hospitals in Ethiopia. J Multidiscipl
Healthc 2022;15:2635-45.

Hisham M, Sivakumar MN, Veerasekar G. Impact of
clinical pharmacist in an Indian intensive care unit.
Indian J Crit Care Med 2016;20:78-83.

Kumar D, Trivedi N. Disease-drug and drug-drug
interaction in COVID-19: Risk and assessment. Biomed
Pharmacother 2021;139:111642.

Feng YH, Zhang SW, Shi JY. DPDDI: A deep predictor
for drug-drug interactions. BMC Bioinformatics
2020;21:419.

Hamadouk RM, Albashair ED, Mohammed FM,
Yousef BA. The practice of the community pharmacists in
managing potential drug-drug interactions: A simulated
patient visits. Integr Pharm Res Pract 2022;11:71-84.
Abbas A, Al-Shaibi S, Sankaralingam S, Awaisu A,
Kattezhathu VS, Wongwiwatthananukit S, et al.
Determination of potential drug—drug interactions
in prescription orders dispensed in a community
pharmacy setting using Micromedex® and Lexicomp®:
A retrospective observational study. Int J Clin Pharm
2022;44:348-56.

Bories M, Bouzill¢ G, Cuggia M, Le Corre P. Drug-
drug interactions in elderly patients with potentially
inappropriate medications in primary care, nursing
home and hospital settings: A systematic review and a
preliminary study. Pharmaceutics 2021;13:266.

Corrie K, Hardman JG. Mechanisms of drug interactions:
Pharmacodynamics and pharmacokinetics. Anaesth

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Asian Journal of Pharmaceutics ¢ Jul-Sep 2024 « 18 (3) | 697

Intensive Care Med 2011;12:156-9.

Abdelkader A, Fathi HA, Hamad MA, Elsabahy M.
Nanomedicine: Anew paradigm to overcome drug
incompatibilities. ] Pharm Pharmacol 2020;72:1289-305.
Fujii M, Karumai T, Yamamoto R, Kobayashi E, Ogawa K,
Tounai M, et al. Pharmacokinetic and pharmacodynamic
considerations in antimicrobial therapy for sepsis. Expert
Opin Drug MetabToxicol 2020;16:415-30.

Négrier L, Martin Mena A, Lebuffe G, Odou P, Genay S,
Décaudin B. Strategies to prevent drug incompatibility
during simultaneous multi-drug infusion in intensive
care units: A literature review. Eur J Clin Pharmacol
2021;77:1309-21.

Gerlach N, Michiels-Corsten M, Viniol A, Schleef T,
Junius-Walker U, Krause O, et al. Professional roles
of general practitioners, community pharmacists,
and specialist providers in collaborative medication
deprescribing - A qualitative study. BMC Fam Pract
2020;21:183.

Lim R, Bilton R, Dorj G, Bereznicki L, Rowett D, Ho JN,
et al. Pharmacists as patient advocates: A series of case
studies illustrating the impacts of a regular pharmacist
service in residential aged care (nursing homes). Explor
Res Clin Soc Pharm 2023;10:100268.

Zawiah M, Yousef AM, Khan AH, AL-Ashwal FY,
Matar A, ALKhawaldeh B, ef al. Food-drug interactions:
Knowledge among pharmacists in Jordan. PLoS One
2020;15:0234779.

Newsome AS, Smith SE, Olney WI, Jones TW,
Forehand CC, Jun AH, et al. Medication regimen
complexity is associated with pharmacist interventions
and drug-drug interactions: A use of the novel MRC-
ICU scoring tool. J Am Coll Clin Pharm 2020;3:47-56.
Tefera GM, Zeleke AZ, Jima YM, Kebede TM. Drug
therapy problems and the role of clinical pharmacist
in surgery ward: Prospective observational and
interventional study. Drug Healthc Patient Saf
2020;12:71-83.

Riedmaier AE, DeMent K, Huckle J, Bransford P,
Stillhart C, Lloyd R, et al. Use of physiologically based
pharmacokinetic (PBPK) modeling for predicting drug-
food interactions: An industry perspective. AAPS J
2020;22:123.

Wagner C, Kesisoglou F, Pepin XJ, Parrott N,
Riedmaier AE. Use of physiologically based
pharmacokinetic modeling for predicting drug-food
interactions: Recommendations for improving predictive
performance of low confidence food effect models.
AAPS J 2021;23:85.

Dala-Paula BM, Custodio FB, Gloria MB. Health
concerns associated with biogenic amines in food and
interaction with amine oxidase drugs. Curr Opin Food
Sci 2023;54:101090.

Baraka MA, Elnaem MH, Elkalmi R, Sadeq A,
Elnour AA, Joseph Chacko R, et al. Awareness of statin-
food interactions using grapefruit as an example: A cross-
sectional study in Eastern Province of Saudi Arabia.




28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

J Pharm Health Serv Res 2021;12:545-51.

Kuykendall M, Qureshi M, Bailey L. Food and lifestyle
interactions with warfarin: Areview. US Pharm
2023;48:27-34.

Fankhauser C, Charieras T, Caille D, Rovei V. Interaction
of MAO inhibitors and dietary tyramine: A new
experimental model in the conscious rat. J Pharmacol
Toxicol Methods 1994;32:219-24.

Sachi S, Ferdous J, Sikder MH, Azizul Karim
Hussani SM. Antibiotic residues in milk: Past, present,
and future. J Adv Vet Anim Res 2019;6:315-32.

Ghosh A, Berger I, Remien CH, Mubayi A. The role of
alcohol consumption on acetaminophen induced liver
injury: Implications from a mathematical model. J Theor
Biol 2021;519:110559.

Johnson BF, Rodin SM, Hoch K, Shekar V. The effect of
dietary fiber on the bioavailability of digoxin in capsules.
J Clin Pharmacol 1987;27:487-90.

Berkowitz BA, Spector S, Pool W. The interaction of
caffeine, theophylline and theobromine with monoamine
oxidase inhibitors. Eur J Pharmacol 1971;16:315-21.
Pasko P, Rodacki T, Domagata-Rodacka R,
Palimonka K, Marcinkowska M, Owczarek D. Second
generation H1-antihistamines interaction with food and
alcohol: A systematic review. Biomed Pharmacother
2017;93:27-39.

Otun]J, SahebkarA, Ostlundh L, Atkin SL, Sathyapalan T.
Systematic review and meta-analysis on the effect of soy
on thyroid function. Sci Rep 2019;9:40647.

Grober U, Schmidt J, Kisters K. Important drug-
micronutrient interactions: A selection for clinical
practice. Crit Rev Food Sci Nutr 2018;60:257-75.
Lindell AE, Patil KR. Multimodal interactions of
drugs, natural compounds and pollutants with the gut
microbiota. Nat Rev Microbiol 2022;20:431-43.

Tabrizi A, Dargahi R, Tehrani Ghadim S, Javadi M,
Rasouli Pirouzian H, Azizi A, et al. Functional laxative
foods: Concepts, trends and health benefits. Stud Nat
Prod Chem 2019;66:305-30.

Roerig JL, Steffen KJ, Mitchell JE, Zunker C. Laxative
abuse. Drugs 2010;70:1487-503.

Reynolds EH, Green R. Valproate and folate:
Congenital and developmental risks. Epilepsy Behav
2020;108:107068.

Linnebank M, Moskau S, Semmler A, Widman G,
Stoffel-Wagner B, Weller M, et al. Antiepileptic drugs
interact with folate and vitamin B12 serum levels. Ann
Neurol 2011;69:352-9.

Kathiravan M, Kavitha S, Shanthi R. To determine the
effect of long-term antiepileptic drug on the serum folate
and vitamin B12 among epileptic patients. Sci Rep
2021;11:4393.

Yu J, Gao D, Zhang Y, Yu X, Cheng J, Jin L, et al.
Multiple roles of Ca2+ in the interaction of ciprofloxacin
with activated sludge: Spectroscopic investigations of
extracellular polymeric substances. Sci Total Environ
2021;751:142246.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Asian Journal of Pharmaceutics ¢ Jul-Sep 2024 « 18 (3) | 698

Lin Z, Wong LY, Cheung BM. Diuretic-induced
hypokalaemia: An updated review. Postgrad Med J
2022;98:477-82.

Robien K, Oppeneer SJ, Kelly JA, Hamilton-Reeves JM.
Drug-vitamin D interactions. Nutr Clin Pract
2013;28:194-208.

Shinmachi K, Takahashi Y, Kaneuji Y, Kawamura R,
Kohama K, Maeda Y. Effect of aluminium ion
on bioavailability of levofloxacin following oral
administration of cilexetil ester of levofloxacin as
prodrug in rats. Die Pharmazie 2020;75:554-8.

Huang M, Xiang W, Zhou T, Mao J, Wu X, Guo X.
The critical role of the surface iron-oxalate complexing
species in determining photochemical degradation of
norfloxacin using different iron oxides. Sci Total Environ
2019;697:134220.

Tarushi A, Karaflou Z, Kljun J, Turel I, Psomas G,
Papadopoulos AN, et al. Antioxidant capacity and
DNA-interaction studies of zinc complexes with a
non-steroidal anti-inflammatory drug, mefenamic acid.
J Inorg Biochem 2013;128:85-96.

Lurie Y, Loebstein R, Kurnik D, Almog S, Halkin H.
Warfarin and vitamin K intake in the era of
pharmacogenetics. Br J Clin Pharmacol 2010;70:164-70.
PakkirMaideen NM, Jumale A, Balasubramaniam R.
Drug interactions of metformin involving drug
transporter proteins. Adv Pharm Bull 2017;7:501-5.
Kanji S, Lam J, Johanson C, Singh A, Goddard R,
Fairbairn J, et al. Systematic review of physical and
chemical compatibility of commonly used medications
administered by continuous infusion in intensive care
units. Crit Care Med 2010;38:1890-8.

Maison O, Tardy C, Cabelguenne D, Parat S,
Ducastelle S, Piriou V, et al. Drug incompatibilities
in intravenous therapy: Evaluation and proposition of
preventive tools in intensive care and hematology units.
Eur J Clin Pharmacol 2019;75:179-87.

Sebastian S, Justin S, Ps A, Daniel L, Sathyamurthy G,
Menaka K, et al. Role of clinical pharmacist in medication
management of inotropes and vasopressors in intensive
care unit. Indian J Pharm Pract 2020;13:138-44.
Botelho Soares D, Gonzaga Nascimento M, Rosa M,
Linhares Pereira M. Incompatibility between intravenous
drugs in an adult intensive care unit of a large Brazilian
hospital. J Crit Care 2017;4:19-27.

Kramer I, Goelz R, Gille C, Hartel C, Miller R,
Orlikowsky T, et al. Good handling practice of
parenterally administered medicines in neonatal intensive
care units - Position paper of an interdisciplinary working
group. GMS Hyg Infect Control 2023;18:Doc10.
Mohiuddin A. Extemporaneous compounding: Selective
pharmacists with separate skill. Innov Pharm 2019;10.
DOI: 10.24926/iip.v10i4.1660.

Mohanna Z, Kusljic S, Jarden R. Investigation of
interventions to reduce nurses’ medication errors in adult
intensive care units: A systematic review. Aust Crit Care
2022;35:466-79.




58.

59.

60.

Ayers P, Adams S, Boullata J, Gervasio J, Holcombe B,
Kraft MD, et al. A.S.P.E.N. Parenteral nutrition safety
consensus recommendations. J Parenter Enteral Nutr
2014;38:296-333.

Wolie ZT, Roberts JA, Gilchrist M, McCarthy K,
Sime FB. Current practices and challenges of outpatient
parenteral antimicrobial therapy: A narrative review.
J Antimicrob Chemother 2024;79:2083-2102.

Boullata JI, Mirtallo JM, Sacks GS, Salman G, Gura K,

61.

Canada T, et al. Parenteral nutrition compatibility and
stability: A comprehensive review. J Parenter Enteral
Nutr 2022;46:273-99.

Katoue MG. Role of pharmacists in providing parenteral
nutrition support: Current insights and future directions.
Integr Pharm Res Pract 2018;7:125-40.

Source of Support: Nil. Conflicts of Interest: None declared.

Asian Journal of Pharmaceutics ¢ Jul-Sep 2024 « 18 (3) | 699




