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ABSTRACT
Objectives The lopinavir/ritonavir combination is 
one of the first antiretroviral drugs to be used in the 
treatment of COVID-19. In incapacitated patients, such 
as those in intensive care, an oral liquid formulation 
is needed. In Italy a marketed formulation is available, 
but only by importing it from other European countries. 
A galenic oral formulation prepared in the hospital 
pharmacy from lopinavir/ritonavir tablets was fine- tuned, 
evaluating the content of the active pharmaceutical 
ingredient (API) and stability of the formulation by using 
nuclear magnetic resonance (NMR) spectroscopy.
Methods To overcome the insolubility of lopinavir/
ritonavir in water, ethanol and glycerol have been used 
as additional excipients. To define the best excipient 
proportion and best preparation method, three different 
formulations (ethanol 7.1–7.5%, glycerol 6–15%, and 
water) and two different preparation procedures (two 
step vs one step) have been studied. Each formulation 
has been compared with Kaletra oral solution (lopinavir 
80 mg/mL, ritonavir 20 mg/mL) by NMR spectroscopy. API 
content and stability were measured.
Results The presence of ethanol and glycerol as co- 
solvents is crucial both to improve solubilisation and 
promote the stability of the oral form. In the two- step 
preparation method, when crushed tablets were first 
dispersed in the ethanol/glycerol mixture and then in 
water, the content of solubilised active ingredients was 
equal or only slightly lower than the standard Kaletra 
(range 89–100%). The one- step method provided a 
comparable API content (65%) to that obtained by using 
water as the sole dispersing medium.
Conclusions The two- step setup method with final 
7.1% ethanol and 11% glycerol concentration is an 
efficient procedure for extemporaneous preparation 
of lopinavir/ritonavir liquid formulations from crushed 
tablets. The method combines simplicity of preparation 
and reconstitution in the hospital ward with good 
solubilisation, comparable to the commercial solution, 
and stability of active ingredients over time.

INTRODUCTION
The COVID-19 pandemic has led to an emergency 
scenario due to the virulence and contagiousness 
of the virus and to its rapidity in causing a high 
percentage of serious clinical conditions, worsened 
by the absence of specific drugs.

Antiretroviral drugs were among the first medi-
cines used in COVID-19 disease, both in early 
stages and in advanced intensive care,1 2 for which 
clinical trials are ongoing to verify the benefits from 

treatment.3–9 The lopinavir/ritonavir combination, 
licensed in the treatment of HIV, is marketed in 
Italy only in tablets. Liquid formulation for oral 
administration is available on the European market 
as Kaletra (80 mg+20 mg/mL) solution, stored in 
refrigerated conditions, but is not promptly acces-
sible in Italy, due to the authorisation needed for 
importation and, consequently, delivery times. In 
COVID-19 cases, great effort has been made in 
developing suitable therapeutic formulations for 
administration to passive patients (sedated and 
intubated) as in the cases requiring an alteration of 
dosage form.10

Parenteral administration is the best choice 
for critical patients, but the absence of injectable 
formulations necessitates the administration of 
liquid drugs through a nasogastric tube (oral solu-
tions, suspensions or syrups).

Magistral formula preparation by the hospital 
pharmacy as a galenic oral formulation from the 
tablets represents a useful alternative for patients 
who require a specific route of drug administra-
tion. It can also be useful in other contexts where 
the supply chain is critical or the management of 
refrigerated medicines constitutes a structural 
limitation, necessitating the occasional use of 
crushed tablets.

Based on the Good Drug Preparation Rules, 
defined by the Italian Pharmacopoeia, a magistral 
formula preparation must guarantee quality, safety 
and efficacy. Various aspects must be assessed on 
which those criteria depend. First, a formulation 
setup, including simple manipulations in the phar-
macy and the ward, is recommended above all for 
ready- to- use forms. A second aspect that must be 
evaluated is the primary packaging of the formula-
tion to prevent the clinical risk associated with the 
wrong administration route.11 The stability of the 
formulation is another important aspect to ensure 
therapeutic continuity in the time slots in which 
the pharmacy is not able to compound galenic 
formulations.

Furthermore, for the galenic formula it is also of 
primary importance to evaluate the precise content 
of the active pharmaceutical ingredient (API) in the 
new pharmaceutical form and how it is directly 
influenced by the solubility in the main solvent, 
usually water. Indeed, lopinavir and ritonavir are 
practically insoluble in water,12 but soluble in 
alcohols. It can be consistently observed that the 
commercial liquid oral formulation has an ethanol 
content of 42.4%.13
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A preliminary study of the composition of the commer-
cial formulations of lopinavir/ritonavir was undertaken to list 
the potentially useful excipients for formulating an oral liquid 
galenic preparation with the best availability of the APIs compa-
rable to that of a marketed liquid formulation.13

We describe here a new galenic formula of lopinavir/ritonavir 
(figure 1) prepared from crushed tablets in water, by using 
ethanol and glycerol as co- solvents by virtue of their physi-
cochemical characteristics. In order to identify the optimal 
formulation procedure, several issues related to pharmaceutical 
quality must be addressed, such as the exact amount of dissolved 
APIs, possible contaminations due to impurities from solvents, 
as well as, importantly, the chemical stability over time of the 
APIs, which imposes constraints to shelf life. The use of several 
analytical techniques could be required to deal with all the above 
aspects, the most common of which, however, are based on the 
comparison with suitable standards having known structure. On 
the other hand, high resolution 1H nuclear magnetic resonance 
(NMR) spectroscopy represents a powerful investigation tool 
which allows us to observe, simultaneously by a single measure-
ment, the different kinds of hydrogen (1H) nuclei in every compo-
nent of the mixture: APIs, solvent, co- solvents and impurities 
arising from degradative processes. Importantly, the comparison 
of the integrated areas of the 1H signals is exclusively affected 
by component percentages. By selecting an external standard 
compound with known concentration, the absolute amounts of 
components can be reliably and carefully determined.14–17 No 
manipulation of the samples is required, since they are simply 
transferred into the NMR tube before analysis.

Although high resolution NMR spectrometers are not 
commonly available in hospital contexts, collaboration with 
different kinds of scientific institutions nowadays make their use 
easily accessible. Working teams with specific skills can be organ-
ised, able to answer in real time questions about the stability and 
safety of galenic preparations, to ensure the quality of APIs and 
consequently of galenic productions, in timing consistent with 
healthcare activities in emergency situations.

MATERIALS AND METHODS
Materials
Commercial products: lopinavir 200 mg/ritonavir 50 mg (Mylan 
SpA) Kaletra oral solution (AbbVie Deutschland GmbH & Co 
KG), ethanol 96% Ph.Eur, (Carlo Erba Reagents Srl), glycerol 
≥98% Ph.Eur  (Olcelli  Farmaceutici  Srl); water  highly  purified 
(SALF Laboratorio Farmacologico); CD3OD (Deutero GmbH); 
and enteral syringe IFU Nutrifit (Vigon, Pentaferte).

Comparative analysis of commercial drug forms
To obtain a reproducible and ready to use galenic formulation 
starting from any commercial tablet form of lopinavir/ritonavir, 
the composition of the commercial products on the Italian 
and  foreign market were compared: Kaletra  tablets;  lopinavir/
ritonavir  Mylan  tablets;  lopinavir/ritonavir  Accord  tablets; 
Aluvia tablets. They have a similar composition both for the 
tablet core and the protective film.13 Qualitative and quantitative 
Kaletra oral solution composition was assessed too. Marketed 
oral solution contains ethanol (42.4% v/v), propylene glycol 
(15.3% p/v) and high fructose corn syrup (168.6 mg/mL) as the 
main excipients.

Galenic formulations
To define the best excipient proportion and preparation method, 
three different formulations were studied, using ethanol and 
glycerol as excipients, and two different preparation procedures 
(two- step vs one- step). The ethanol content in a single dose of 
the galenic formulation (total volume about 27 mL) and in the 
5 mL dose of Kaletra oral solution is the same. The influence 
of the coating film removal on the dispersing ability and API 
content was investigated. Results have been compared with 
Kaletra oral solution and simple water dispersion of crushed 
tablets.

Preparation method A (two-step)
Two lopinavir 200 mg/ritonavir 50 mg tablets were used for 
each dose. Both tablets were crushed in a mortar to fine amor-
phous powder, which was collected into the screw cap container. 
Ethanol/glycerol solution was added to the powder and shaken 
by dynamic horizontal movements for 10 s to completely wet the 
powder, and then it was left to rest for 10 min. Water was added 
and the mixture was shaken vigorously to obtain a homogeneous 
suspension.

Preparation method B (one-step)
Two lopinavir 200 mg/ritonavir 50 mg tablets were used for 
each dose. Both tablets were crushed in a mortar to fine amor-
phous powder, which was collected into the screw cap container. 
Glycerol- hydroalcoholic solution, in a single phase, was added 
and shaken by dynamic horizontal movements for 10 s to facil-
itate powder dispersion, and then it was left to rest for 10 min 
before administration. In table 1 galenic liquid formulations 
according to methods A and B are shown.

API solubilisation tests were done on crushed tablets both 
with and without coating film (A2 vs A4, table 1). The action 
of removing film needs manual skill to avoid losing the product, 
and therefore the weight was checked before and after, to verify 
removal efficiency and to assess removal effects on API content 
in the final dispersion. The effect of removing coating film was 
studied for the intermediate concentration of glycerol (11%). 
Regarding preparation method A three different dispersing 
phases were tested with glycerol concentration of 6%, 11% and 
15% (A1–A3, table 1). Regarding preparation method B, a single 
hydroalcoholic dispersing phase with 11% glycerol or only water 
was analysed (B1–B2, table 1). Stability of all the formulations 
was studied over 48 hours at 4°C.

Table 2 summarises the composition of binary ethanol/glyc-
erol mixture and the content of ethanol and glycerol in the final 
formulation. Ethanol concentration in the final formulation was 
kept constant except for entry 6- A1.

Figure 1 Chemical structures of lopinavir and ritonavir.
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NMR instrumentation
NMR measurements were performed on a Varian INOVA600 
spectrometer (Varian Inc, Palo Alto, CA, USA) operating at 600 
MHz for 1H. The temperature was controlled to 25±0.1°C. 
Quantitative 1H NMR spectra were acquired by using a relax-
ation delay of 10 s, and an observation pulse corresponding to 
60°. In all cases the same experimental acquisition parameters 
were used to guarantee accurate quantitative analysis.

Samples for NMR analyses
All of the NMR samples were prepared by mixing an aliquot 
(usually 0.2 mL) of the oral formulations A1–B2 of table 1 
directly into the NMR tube with an aliquot (usually 0.5 mL) 
of the deuterated solvent (CD3OD), which is needed for the 
common lock and shimming procedures. Afterwards, the NMR 
samples were stored at 2–4°C.

The commercially available oral formulation Kaletra (lopinavir 
80 mg/mL, ritonavir 20 mg/mL) was analysed in the same experi-
mental conditions as the galenic oral formulations obtained from 
the solid form of lopinavir 200 mg/ritonavir 50 mg Mylan tablets. 
The NMR sample of Kaletra (0.1 mL of Kaletra in 0.6 mL of 
CD3OD), containing lopinavir 8 mg/mL and ritonavir 2 mg/mL, 
was used as the external standard for quantitative analysis.

RESULTS AND DISCUSSION
Among the available excipients with good solubilising, rheolog-
ical and preservative properties, glycerol is an excellent additive 
because of its wetting, thickening, lubricating and preservative 
features. Ethanol also solubilises APIs contributing to preserving 
the liquid formulation.18 Liquid galenic formula of lopinavir/
ritonavir compositions and preparation methods were tested 

using different ethanol/glycerol dispersing phases (entries 2–6, 
table 2).

The quantitative NMR analyses of such formulations were 
carried out directly on diluted formulations. APIs were quan-
tified by diluting a known amount of each formulation with a 
constant volume of CD3OD and by recording quantitative NMR 
spectra. The marketed oral formulation Kaletra was used as the 
external standard.

The proton NMR spectrum of the oral formulation Kaletra 
is shown in online supplemental figure S1. Among NMR reso-
nances produced by APIs in the spectrum, the signal of the 
aromatic proton of the ritonavir thiazole moiety at 8.94 ppm 
was chosen for the quantitative determinations. This signal 
occurs in a spectral region free of excipient signals and also 
for the galenic formulations obtained from crushed tablets. As 
the lopinavir/ritonavir ratio was found to be constant in all the 
samples, the determination of ritonavir allows the simultaneous 
determination of liponavir.

The galenic oral formulations, prepared in two steps (A- type) 
or in one step (B- type), were analysed by NMR and the concen-
tration of the APIs was determined 30 min (t0) and 48 hours 
(stored at 4°C) after the preparation to monitor the content of 
antiretroviral drugs in these dosage forms and their physico-
chemical stability.

Figure 2 compares the NMR spectra of the different galenic 
formulations, and the results of quantitative analyses are 
summarised in table 3.

In the preparation entry 1- B2 (table 2), involving simple 
dispersion of the crushed tablets in water, without co- solvents, 
the content of the active ingredients decreased notably by about 
40% compared with the commercial syrup (table 3). The same 
preparation also showed poor stability, since the concentration 
of the active ingredients decreased from 63% at t0 to 56% after 
48 hours stored at 4°C (table 3).

Table 1 Galenic liquid formulations: composition of the dispersing 
phases for two crushed tablets; (glycerol) is the glycerol concentration 
in the final formulation

Formulation
Lopinavir+ritonavir 
(mg/mL) Composition (glycerol)

A1 16.0+4.0 Phase 1: ethanol 2 mL, glycerol 
1.6 mL; phase 2: water 22 mL

6%

A2 14.9+3.7 Phase 1: ethanol 2 mL, glycerol 
3 mL; phase 2: water 21.8 mL

11%

A3 14.3+3.6 Phase 1: ethanol 2 mL, glycerol 
4.2 mL; phase 2: water 21.8 mL

15%

A4* 14.9+3.7 Phase 1: ethanol 2 mL, glycerol 
3 mL; phase 2: water 21.8 mL

11%

B1 14.3+3.6 Ethanol 2 mL, glycerol 3 mL, water 
23 mL

11%

B2 14.3+3.6 Water 28 mL –

*Coating film removed from tablets.

Table 2 Galenic liquid formula: preparation and composition (v/v %) of phase 1 (ethanol/glycerol) and of the final formulation

Entry Oral formulation

Phase 1 Final formulation

% EtOH % EtOH % glycerol

1- B2 Crushed tablet dispersed in water 0 0 0

2- B1 Crushed tablet dispersed in EtOH/glycerol/water mixture 40 7.1 11

3- A2 Crushed tablet dispersed in EtOH/glycerol mixture and then in water 40 7.1 11

4- A4 Crushed tablet without film dispersed in EtOH/glycerol mixture and then in water 40 7.1 11

5- A3 Crushed tablet dispersed in EtOH /glycerol mixture and then in water 32 7.1 15

6- A1 Crushed tablet dispersed in EtOH /glycerol mixture and then in water 55 7.5 6

EtOH, ethanol.

Figure 2 1H NMR (600 MHz, CD3OD, 25°C) spectral regions 
corresponding to the selected aromatic proton of ritonavir in the six galenic 
formulations. NMR, nuclear magnetic resonance.
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The presence of ethanol and glycerol as co- solvents is crucial 
both to improve solubilisation and promote the stability of its 
oral form, as long as a two- step method (preparation method A) 
is followed in the preparation procedure. In fact, when crushed 
tablets were first dispersed in the ethanol/glycerol mixture and 
then in water (entries 3- A2, entry 4- A4, entry 5- A3, and entry 
6- A1, table 3), the content of solubilised active ingredients was 
equal to or only slightly lower than the standard Kaletra, ranging 
from 89% to 100%. By contrast, when the crushed tablets were 
dispersed in one step (preparation method B) in the solvent 
mixture simultaneously containing ethanol, glycerol and water 
(entry 2- B1, table 3), the amount of APIs was comparable (65%) 
to that obtained by using water as the sole dispersing medium 
(entry 1- B2, 63%, table 3). Increasing glycerol content in the 
formulations did not seem to significantly affect the drugs’ 
dissolution (entry 3- A2 and entry 5- A3, table 3), but it may 
have produced a relevant increase in the formulations’ viscosity. 
Ethanol is certainly the component in the co- solvent mixture 
contributing more to the solubilisation processes of the lipo-
philic active ingredients, as demonstrated by comparing quanti-
tative data of entries 6- A1 (97%), 3- A2 (89%) and 5- A3 (91%) 
(table 3), where 55%, 40% and 32% of ethanol in phase 1 were 
respectively present. In particular, in the presence of ethanol 
55% (6- A1), the concentration of APIs was comparable to the 
case in which the tablets’ protective film was removed before 
two- step dissolution in the same co- solvents/water mixture 
composition. It is noteworthy that removing the protective film 
of the tablets leads to pharmaceutical formulations equivalent 
to the commercial syrup in terms of drug content (entry 4- A4, 
table 3), although manipulative procedures for film removal 
required manual skills.

The simplicity of preparing and reconstituting the powder 
resulting from crushing the two tablets is better when the 
composition of the first dispersing phase (5 mL) is ethanol/glyc-
erol 40:60, corresponding to the final formulation containing 
11% glycerol (as in 3- A2). In fact, the volume and viscosity of 
the first dispersing phase may become critical factors in refining 
the experimental procedures mainly when the reconstitution 
is performed in the pharmacy or the hospital ward, where the 
simplest compounding method should be chosen. In fact, a 
reduced volume of the first dispersing phase could make powder 
reconstitution more difficult as in case 6- A1 (3.6 mL, corre-
sponding to the final concentration of 6% glycerol) in compar-
ison to 3- A2 (5 mL). By contrast, a major content of glycerol 
(15%) corresponds to a remarkable increase of viscosity which 
does not facilitate wetting of the powder and hence time needed 
for dissolution.

In all cases when the powder is previously wetted with the 
ethanol/glycerol solution, the formulations are stable over time 
(48 hours/4°C) (figure 3).

CONCLUSIONS
An efficient procedure for extemporaneous preparation, imme-
diately before administration, of the active ingredients lopinavir/
ritonavir liquid formulations from tablets has been designed. 

Preparative protocol combines remarkable practicality and 
simplicity, even in the reconstitution phase in the hospital ward, 
to a high level (about 90%) of content and stability of active 
ingredients over time (48 hours at 4°C).

Procedural optimisation phases have been efficiently assisted 
by a non- invasive NMR analytical methodology, the reliability 
of which in terms of quantitative response has been recognised 
for a long time.14–17

Poor solubility of the active ingredients in only water has been 
confirmed. The dispersion in water of crushed tablets alone has 
also led to lower content of active ingredients.19–21

Therefore, the two- step setup method with final 7.1% ethanol 
and 11% glycerol concentration is the best operating condition, 
providing an amount of completely dissolved APIs comparable 
to the commercial formulation and with high stability mainte-
nance, at refrigerated temperature, within 48 hours. The oper-
ating instruction of lopinavir 400 mg/ritonavir 100 mg powder 
for oral suspension has been submitted and published on the 
EAHP COVID-19 Resource Centre.22

However, preparing the galenic formula in the pharmacy lab 
may allow an operating condition to further improve the solu-
bilisation of active ingredients: the A1 method, characterised by 
a reduced volume of dispersing phase 1 with a higher percentage 
of ethyl alcohol, or the A4 method involving the removal of the 
coating film from the tablets. The latter two operating condi-
tions led to extemporaneous galenic preparation with a usual 
shelf life in accordance with oral liquid formulation stability 
without preservative additives.

The two- step setup method ready to use in the ward may be 
the best choice for the hospital’s organisational needs. In fact, 
crushed tablets, phase 1 dispersants and water can be separately 
stored at room temperature before use.
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Table 3 Quantitative NMR analysis of API content in galenic liquid 
formulations 30 min (t0) and 48 hours at 4°C after preparation

Entry 
1- B2

Entry 
2- B1

Entry 
3- A2

Entry 
4- A4

Entry 
5- A3

Entry 
6- A1

t0 63% 65% 89% 100% 91% 97%

48 hours (4°C) 56% 60% 89% 100% 91% 97%

Figure 3 1H NMR (600 MHz, CD3OD, 25°C) spectral regions 
corresponding to the selected aromatic proton of ritonavir in corresponding 
galenic formulations 30 min (t0) (•) and 48 hours at 4°C (▲) after 
preparation. NMR, nuclear magnetic resonance.



5Desideri I, et al. Eur J Hosp Pharm 2020;0:1–5. doi:10.1136/ejhpharm-2020-002389

Original research

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid-19 pandemic or until otherwise 
determined by BMJ. You may use, download and print the article for any lawful, 
non- commercial purpose (including text and data mining) provided that all copyright 
notices and trade marks are retained.

ORCID iD
Ielizza Desideri http:// orcid. org/ 0000- 0001- 8231- 2427

REFERENCES
 1 AIFA. Lopinavir/ritonavir in therapy of adults with COVID-19 disease. Available: 

https://www. aifa. gov. it/ documents/ 20142/ 0/ lopinavir_ ritonavir_ 02. 04. 2020. pdf/ 
64b8cf03- acf1- e9fa- 80fa- c6d3ecba5f7d [Accessed 16 May 2020].

 2 Sanders JM, Monogue ML, Jodlowski TZ, et al. Pharmacologic treatments for 
coronavirus disease 2019 (COVID-19): a review. JAMA 2020;323:1824–36.

 3 Cao B, Wang Y, Wen D, et al. A trial of lopinavir- ritonavir in adults hospitalized with 
severe Covid-19. N Engl J Med 2020;382:1787–99.

 4 Ye X- T, Luo Y- L, Xia S- C, et al. Clinical efficacy of lopinavir/ritonavir in 
the treatment of coronavirus disease 2019. Eur Rev Med Pharmacol Sci 
2020;24:3390–6.

 5 Tobaiqy M, Qashqary M, Al- Dahery S, et al. Therapeutic management of COVID-19 
patients: a systematic review. Infection Prevention in Practice 2020;2:100061.

 6 Zhong H, Wang Y, Zhang Z- L, et al. Efficacy and safety of current therapeutic options 
for COVID-19 - lessons to be learnt from SARS and MERS epidemic: a systematic 
review and meta- analysis. Pharmacol Res 2020;157:104872.

 7 Yao T- T, Qian J- D, Zhu W- Y, et al. A systematic review of lopinavir therapy for SARS 
coronavirus and MERS coronavirus - a possible reference for coronavirus disease-19 
treatment option. J Med Virol 2020;92:556–63.

 8 Ford N, Vitoria M, Rangaraj A, et al. Systematic review of the efficacy and safety of 
antiretroviral drugs against SARS, MERS or COVID-19: initial assessment. J Int AIDS 
Soc 2020;23:e25489.

 9 Dalerba P, Levin B, Thompson JL. A trial of Lopinavir- Ritonavir in Covid-19. N Engl J 
Med 2020;382:e68.

 10 Huesgen E, DeSear KE, Egelund EF, et al. A HAART- breaking review of alternative 
antiretroviral administration: practical considerations with crushing and enteral tube 
scenarios. Pharmacotherapy 2016;36:1145–65.

 11 Litman RS, Smith VI, Mainland P. New solutions to reduce wrong route medication 
errors. Paediatr Anaesth 2018;28:8–12.

 12 Best BM, Capparelli EV, Diep H, et al. Pharmacokinetics of lopinavir/ritonavir 
crushed versus whole tablets in children. J Acquir Immune Defic Syndr 
2011;58:385–91.

 13 European Directorate for the Quality of Medicines and Healthcare. European 
Pharmacopoeia. Available: https://www. edqm. eu/ sites/ default/ files/ medias/ fichiers/ 
PhEur/ edqm_ paedform_ lopinavir_ ritonavir_ table. pdf [Accessed 16 May 2020].

 14 Webster GK, Kumar S. Expanding the analytical toolbox: pharmaceutical application of 
quantitative NMR. Anal Chem 2014;86:11474–80.

 15 Li X, Hu K. Quantitative NMR studies of multiple compound mixtures. Annu Repo 
NMR Spectro 2017;90:85–143.

 16 Holzgrabe U. Quantitative NMR, methods and applications. In: Lindon JC, Tranter 
GE, Koppenaal D, eds. Encyclopedia of spectroscopy and spectrometry. 3rd edition. 
Academic Press, 2017: 816–23.

 17 Diehl B, Holzgrabe U, Monakhova Y, et al. Quo vadis qNMR? J Pharm Biomed Anal 
2020;177:112847.

 18 Kalepu S, Nekkanti V. Insoluble drug delivery strategies: review of recent advances and 
business prospects. Acta Pharm Sin B 2015;5:442–53.

 19 Swindells S, Flexner C, Fletcher CV, et al. The critical need for alternative antiretroviral 
formulations, and obstacles to their development. J Infect Dis 2011;204:669–74.

 20 Diep H, Best BM, Capparelli EV, et al. Pharmacokinetics of lopinavir/ritonavir crushed 
versus whole tablets in children [abstract 877]. 17th Conference on Retroviruses and 
Opportunistic Infections, San Francisco, CA, 2010.

 21 Best B, Rieg G, Sun S, et al. Increased lopinavir (LPV) concentrations on once- daily 
tablets as compared to capsules and liquid formulations [abstract 766a]. 15th 
Conference on Retroviruses and Opportunistic Infections, Boston, MA. CROI, 2008.

 22 European Association of Hospital Pharmacists. Pisa University Hospital (Azienda 
Ospedaliero Universitaria Pisana), operating instruction: lopinavir 400 mg/ ritonavir 
100 mg powder for oral suspension. Available: https://www. eahp. eu/ hp- practice/ 
hospital- pharmacy/ eahp- covid- 19- resource- centre- healthcare- professionals- 
associations

What this paper adds

What is already known on this subject
 ► The lopinavir/ritonavir combination has been used in the 
treatment of COVID-19 disease, both in the early stage and 
in advanced intensive care, and liquid formulations were 
needed for administration to passive patients (sedated and 
intubated).

 ► The galenic lopinavir/ritonavir liquid formulation from 
crushed tablets in water, unlike the marketed formulations, 
seems poorly soluble due to the in- water insolubility of active 
ingredients.

What this study adds
 ► An analytical nuclear magnetic resonance method for 
the study of galenic formula lopinavir/ritonavir liquid 
formulations is described.

 ► An efficient and simple procedure is presented for 
extemporaneous preparation of galenic lopinavir/ritonavir 
liquid formulation, with 90% content and stability of active 
pharmaceutical ingredients over a 48 hour period stored at 
4°C.
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