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Introduction
In humans, the most prevalent infectious syndromes are influenza 

(flu) and common cold. There is no cure for colds and influenza 
conditions. Treatments for these illnesses are primarily symptomatic, 
and their diagnosis is dependent on their symptomatology [1]. 
Analgesic/antipyretic medications and nasal decongestant medications 
have a well-established and long-standing clinical utility in treating the 
symptoms of acute upper respiratory tract infections (URTIs) or the 
common cold, which are frequently accompanied by pain, fever, and 
nasal blockage [2-4]. The combination of more active substances can, in 
fact simplify therapy by reducing the number of individual doses; thus, 
the compliance of the patient is potentially improved, and medication 
errors are reduced [5].

Paracetamol is an antipyretic and analgesic medication that is neither 
a nonsteroidal anti-inflammatory drug (NSAID) nor an opiate. Because 
it inhibits the cyclooxygenase (COX) pathways, the medication has 
historically been classified alongside nonsteroidal anti-inflammatory 
medicines (NSAIDs), even though its precise mode of action is yet 
unknown [6]. Paracetamol exhibits analgesic and antipyretic effects 
comparable to those of NSAIDs, but it lacks significant peripheral 
anti-inflammatory activity. It is believed to inhibit the COX pathway 
within the central nervous system (CNS), while having minimal effect 
on peripheral COX enzymes. Moreover, paracetamol does not seem to 

bind to the active sites of either COX-1 or COX-2. Instead, it reduces 
the activity of COX through an alternative mechanism [6,7].

The analgesic and antipyretic indications of paracetamol have 
been demonstrated in many different diseases and conditions such as 
sore throat, headache, muscle pain, osteoarthritic, back pain, dental 
pain, pain caused by cancer, after surgery, injuries, post-partum, 
dysmenorrhea. Paracetamol has been administered as an over-the-
counter medication to adults and children for over 60 years for the 
general treatment of pain and fever [7-9].

Phenylephrine has little to no beta-adrenergic activity and mainly 
functions as an agonist of the α-1 adrenergic receptor. Because it causes 
vasoconstriction in both veins and arteries and increases cardiac preload 
without significantly affecting cardiac myocytes, the drug is therefore 
the best option for increasing mean arterial pressure. Phenylephrine 
hydrochloride is also an over-the-counter (OTC) medication commonly 
used in ophthalmic, nasal and topical formulations. 
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In the therapeutic doses used for the relief of nasal congestion 
and sinus pressure, the drug has no substantial stimulant effect on 
the α-adrenergic receptors of the heart. It stimulates α 1-adrenergic 
receptors on capacitance blood vessels in the nasal mucosa, leading to 
vasoconstriction and a decrease in the volume of the nasal mucosa [10-13]. 

The fixed paracetamol/phenylephrine combinations, administered 
principally as capsules or oral solutions, are approved and have 
been used for decades throughout Europe to relieve the symptoms 
of the common cold and flu when associated with stuffy nose (nasal 
congestion) and sinuses (sinusitis), with a well-established and accepted 
risk/benefit ratio. The formulation of the product Paracetamol/
phenylephrine hydrochloride 600 mg/10 mg has been developed in the 
form of granules to be dissolved in hot water and administered as an 
oral solution or swallowed as such, allowing rapid use without water. 

This formulation allows, in fact, the patient to choose between a 
traditional intake with a glass of water or an administration directly 
into the mouth without the use of liquids. A Phase 1 study was therefore 
undertaken to evaluate its pharmacokinetic profile.

The main objective of the study was to assess the pharmacokinetic 
profile in healthy subjects of this combination of 600 mg paracetamol 
and 10 mg phenylephrine HCl formulated as granules and administered 
as a single oral dose in solution form under fasting conditions. The 
secondary objective was to investigate the safety and tolerability of 
the product based on safety clinical and laboratory examinations and 
registration of adverse events and/or adverse drug reactions.

Materials and methods
Subjects

A total of 36 healthy male and female volunteers, aged 18 to 55 
years and with a body mass index (BMI) ranging from 18.5 to 30 kg/
m², were deemed eligible for participation based on medical history, 
physical examination, and laboratory tests. Main exclusion criteria 
included history of drug abuse or use of illegal drugs; alcohol abuse; 
regular consumption of beverages or food containing methylxanthines; 
pregnancy; known hypersensitivity or intolerance to NSAIDs; presence 
or a history of clinically significant cardiovascular, renal, hepatic, 
pulmonary, metabolic, endocrine, hematological, gastrointestinal 
neurological, psychiatric or other diseases; any chronic disease which 
might interfere with resorption, distribution, metabolism or excretion of 
the drug; history of difficulty in swallowing; positive serologic findings 
for HIV antibodies, HBsAg, and/or HCV antibodies, vaccination 
within 14 days prior to screening visit. All volunteers provided written 
informed consent.

Ethics
The trial was performed in accordance with the Declaration of 

Helsinki and its last amended [14] and met the ethical requirements 
set in the Regulation (EU) No. 536/20141 [15]. The trial was also 
performed in accordance with ICH Topic E8. Note for Guidance on 
General Considerations for Clinical Trials [16] and ICH Topic E6. 
Guideline For Good Clinical Practice E6(R2) Step 5 [17]. Before the 
start of the study, the protocol and other appropriate documents (CRF, 
information for subject and informed consent) were submitted to the 
national Ethics Committee For Clinical Trials (ECCT) in accordance 
with local and European legal requirements.

Study design
This was a phase 1 single-dose, pharmacokinetic trial conducted 

in healthy volunteers. Each subject received an oral single dose of 

granules for oral solution (1 sachet =600 mg of paracetamol and 10 
mg of phenylephrine hydrochloride) solved in very hot water under 
fasting conditions. Volunteers abstained from consuming any food 
or beverages other than water, starting at 9:00 PM the evening before 
administration and continuing until approximately 4 hours after 
administration, coinciding with lunchtime the following day. Water 
was provided ad libitum until 1 hour before and from 1 h after the drug 
administration on day 1. Concomitant medication was generally not 
allowed for the duration of the trial, except the allowed contraceptive 
methods as defined in exclusion criterion.

Criteria for evaluation
The primary endpoint of the trial was the assessment of main 

pharmacokinetic parameters considering AUC(0-t) and Cmax of 
paracetamol and phenylephrine, while the evaluation of tmax was the 
secondary endpoint. AUC(0-∞), AUCres, MRT, and t½ of analytes 
were also calculated as additional endpoints.

Determination of plasma concentrations
Blood samples for analysis of paracetamol and phenylephrine 

hydrochloride in plasma (total number of 18 blood samples, 12.4 ml 
each) were drawn at the following times: 0:00 (pre-dose), 0:10, 0:20, 
0:30, 0:40, 0:50, 1:00, 1:10, 1:20, 1:30, 1:45, 2:00, 3:00, 4:00, 6:00, 8:00, 
10:00, 12:00. All blood samples were collected into tubes using an 
anticoagulation agent. After the end of the trial the plasma samples 
were transported frozen to the bioanalytical center for the bioanalytical 
procedures. 

Plasma concentrations were analyzed using liquid chromatography 
by tandem mass spectrometry (LC-MS/MS). For paracetamol, the 
calibration range was 150.06 - 20008.00 ng/ml with an inter-assay 
precision of 1.70 - 7.37% CV; for phenylephrine, the calibration range 
was 10.00 - 2000.00 pg/ml with an inter-assay precision of 2.17 - 3.09% 
CV. All plasma samples were stored for at least 3 months.

Pharmacokinetic analysis
Pharmacokinetic parameters were derived from plasma 

concentration–time data using a noncompartmental approach and 
summarized by descriptive statistics, namely arithmetic and geometric 
means, standard deviation (SD), coefficient of variation (CV), median 
and ranges (lower and upper). These parameters included AUC(0-t), 
AUC(0-∞), Cmax, tmax, AUCres, MRT and t½. The descriptive statistic 
was used for the evaluation of secondary and additional endpoints. 

Safety
Safety clinical and laboratory examinations, assessed at the 

beginning and at the end of the trial, and registration of adverse 
events and/or adverse drug reactions were recorded during the trial. 
Descriptive statistics were used to summarize all safety data: clinical 
(physical) examination, standard laboratory examinations (clinical 
blood chemistry, hematology, urinalysis), monitoring of vital signs 
(pulse rate, blood pressure), ECG monitoring, and registration of 
adverse events and/or adverse drug reactions during the trial. The 
pharmacokinetic and statistical evaluation were carried out by means of 
the validated statistical software package SAS for Windows, version 9.4.

Results
Subject disposition and characteristics

A total of 36 subjects were randomized and 35 subjects completed 
the trial according to the protocol. One subject terminated the trial 
prematurely and was not replaced. All available samples (35 study 
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completers and one drop-out) were analyzed. The baseline demographic 
characteristics of the study population are summarized in Table 1.The 
mean ± SD age was 36.5 ± 9.7 years, body weight was 69.0 ± 10.7 kg, 
and body mass index was 24.6 ± 2.7 kg/m2.

Pharmacokinetic parameters
The plasma concentration time profiles and all pharmacokinetic 

parameters of paracetamol and phenylephrine are summarized in 
Figure 1 and in Table 2. The developed formulation showed a rapid 
gastrointestinal absorption reaching the maximum concentration of 
the two analytes within 30 min. For paracetamol the mean maximum 
plasma concentration (Cmax) observed was 11.06 ± 3.77 µg/ml with a 
mean AUC(0-∞) of 27.91 ± 6.09 µg.h/ml; while for phenylephrine the 
mean Cmax was 2.15 ± 0.99 ng/ml with a mean AUC(0-∞) of 1.67 ± 
0.49 ng.h/ml. 

Safety
Thiry-five healthy volunteers were exposed to an oral single dose of 

paracetamol/phenylephrine hydrochloride 600/10 mg corresponding 
to 1 sachet of granules for oral solution. During the trial, a total of two 
non-serious adverse events (AEs) were registered in two subjects (Table 
3): one increased in white blood cell count and one syncope. Both AEs 
were considered not or unlikely related to product administration. 
No serious adverse events (SAEs) were registered. All laboratory and 
clinical screening revealed no indications for adverse events or poor 
tolerability.

Discussion
The present study was designed to assess the pharmacokinetic 

profile a formulation of paracetamol/phenylephrine HCl formulated 
as granules and administered as an oral solution (1 sachet = 600 
mg/10 mg) in male and female healthy volunteers. The two active 
ingredients are well known both in monotherapy and in combination 
therapy. They have been used for many years as OTC drugs and their 
individual pharmacokinetic profiles have been well characterized in 
humans. Paracetamol is rapidly and completely absorbed after oral 
administration, with peak plasma concentrations usually reached 
between 10 to 60 minutes [18,19], nevertheless, the rate absorption 
of paracetamol is known to depend on gastric emptying [20] and 
formulation [21,22].

It was reported that conventional 500 mg tablet of paracetamol 
administered at healthy volunteers produced a mean plasma Cmax of 
approximately 8-9 µg/ml after about 1 hour, with an AUC(0-∞) ranged 
between 24.6 and 28.5 μg.h/ml [21,22]. Paracetamol is distributed 
throughout most body tissues, with the exception of adipose tissue. Its 
plasma protein binding is low, and approximately 10% to 20% of the 
drug binds to red blood cells [6,18,19]. Its elimination half-life varies 
from about 1 to 3 hours [19]. 

After being mostly metabolized in the liver, the glucuronide and 
sulfate conjugates of paracetamol are mainly excreted in the urine. Less 
than 5% is excreted as unchanged paracetamol [6,18,19]. Phenylephrine 
is readily and completely absorbed after oral administration with 
peak plasma concentrations usually reached between 30 minutes and 
2 h. It has relatively low bioavailability of 38% as a result of first-pass 
conjugation within the gut wall [18,23].

For an oral 10 mg phenylephrine HCl dose administered in adults 
alone or with other actives including paracetamol, the mean total 
exposure (AUC 0-∞) reported across a series of published studies 
[24-28] ranged from 0.82 to 2.49 ng.h/ml, while the mean maximum 
exposure (Cmax) ranged from 0.87 to 3.69 ng/mL. Both parameters 
were found to be reduced in pediatric patients [29].

Figure 1. Mean paracetamol and phenylephrine plasma concentration-time profile

(n=35) Mean ± SD Min – Max 
Age (years) 36.5 ± 9.7 20.0 - 52.0 
Height (cm) 167.0 ± 9.9 147.0 - 188.0
Weight (kg) 69.0 ± 10.7 45.0 - 90.0 
BMI (kg/m2) 24.6 ± 2.7 19.2 - 29.8 
male : female 20:15
BMI: Body Mass Index

Table 1. Baseline demographic data of subjects

E-Pharma formulation
(granules administered as oral solution)

PK Parameter N Arithmetic mean SD CV median
Paracetamol  
AUC (0-t) (µg*h/ml) 35 26.91 5.83 21.7 25.44
AUC (0-∞) (µg*h/ml) 35 27.91 6.09 21.8 26.33
Cmax (µg/ml) 35 11.06 3.77 34.1 9.97
tmax (h) 35 0.43 0.23 53.4 0.33
AUCres (%) 35 3.55 1.4 39.4 3.36
MRT (h) 35 3.26 0.5 15.4 3.19
t ½ (h) 35 2.43 0.83 34.3 2.25
Phenylephrine
AUC (0-t) (ng*h/ml) 35 1.62 0.49 30 1.65
AUC (0-∞) (ng*h/ml) 35 1.67 0.49 29.6 1.72
Cmax (ng/ml) 35 2.15 0.99 46.2 1.98
tmax (h) 35 0.37 0.16 45 0.33
AUCres (%) 35 3.02 1.71 56.8 2.7
MRT (h) 35 1.59 0.57 35.7 1.68
t ½ (h) 35 2.4 1.53 63.7 1.95
AUC(0-t): Area under the plasma concentration-time curve calculated by the trapezoidal 
rule from zero to last observed concentration at time t; AUC(0-∞): Area under the plasma 
concentration-time curve from zero extrapolate to infinity (AUC(0-∞) = AUC(0-t) + 
Clast/λz where Clast is the last concentration above the limit of quantification and λz is 
the terminal elimination constant); AUCres: Residual area in percent; Cmax: Observed 
maximum plasma concentration; CV: Coefficient of variation; MRT: Mean residence 
time; SD: Standard deviation; tmax: Observed time point of maximal concentration; t1/2: 
Plasma concentration half-life calculated according to t1/2= ln(2)/ λz.

Table 2. Pharmacokinetic parameters of paracetamol and phenylephrine after an oral single 
dose of 600 mg of paracetamol and 10 mg of phenylephrine HCl

System Organ Class/PT
E-Pharma formulation

(granules administered as oral solution)
Total number of subjects with TEAEs 2 (5.6%)
Investigations 1 (2.8%)
       White blood cell count increased 1 (2.8%)
Nervous system disorders 1 (2.8%)
        Syncope 1 (2.8%)
PT: preferred term TEAEs: treatment emergent adverse events; The coding is according 
MedDRA dictionary (Version: 25.0)

Table 3. Number of treatment emergent adverse events by System Organ Class, Preferred 
Term and treatment
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It should be noted that, as with other drugs undergoing extensive 
first-pass metabolism, phenylephrine has shown wide inter- and intra-
individual variability in bioavailability in all studies. Furthermore, 
according to some authors [25,27,28,30], the presence of paracetamol, 
especially at high doses, may further alter the metabolism of 
phenylephrine, with a significant impact on its pharmacokinetics. This 
explains the wide range of plasma concentrations of phenylephrine 
hydrochloride 10 mg found in the different pharmacokinetics studies. 
The mean elimination half-life of phenylephrine is between 2.1 to 3.4 
hours. Both unchanged phenylephrine and its metabolites are excreted 
almost entirely in urine [23].

As previously reported, the proposed formulation in granules 
administered as an oral solution (600 mg paracetamol/10 mg 
phenylephrine hydrochloride) showed a rapid gastrointestinal 
absorption reaching the maximum concentration of the two analytes 
in a short time. The observed parameters in terms of rate and extent 
of paracetamol absorption (i.e., Cmax. 11.06 ± 3.77 µg, tmax: 0.43 h 
AUC(0-∞) 27.91 ± 6.09 µg h/ml) were, as expected, slightly different 
compared to conventional 500 mg tablet being, in our case, a 600 mg 
oral solution. The studied formulation made it possible to achieve a 
higher peak concentration in a shorter time.

Regarding phenylephrine the absorption kinetics (i.e., Cmax 2.15 ± 
0.99 ng/ml, tmax 0.37h, AUC(0-∞) 1.67 ± 0.49 ng h/ml) was consistent 
with the above-mentioned published literature data. In addition, safety 
results confirmed that the product was well tolerated. Only two not 
serious treatment emergent adverse events in two patients (5.6%) were 
observed and no clinically important laboratory changes or trends 
was evidenced. The tolerability results obtained are also in line with 
literature data.

It should be emphasized, in fact, that in all the clinical studies 
considered [24-29] involving different oral formulations of 
phenylephrine administered alone or in combination with other active 
ingredients including paracetamol, despite the wide variability of the 
pharmacokinetic parameters obtained, no serious or severe adverse 
events were reported.

All the authors reported that the tested products were well 
tolerated and showed a good safety profile, comparable to placebo. In 
particular, at least in healthy volunteers, including pediatric patients, 
cardiovascular assessments of pulse and blood pressure and ECG did 
not show clinically relevant alterations in any of the studies. However, 
as combination therapy with paracetamol and phenylephrine has been 
shown to potentially raise blood pressure more than phenylephrine 
alone, it should be used with caution in individuals with cardiovascular 
conditions. 

Conclusion
The developed formulation of paracetamol/phenylephrine 

hydrochloride 600 mg/10 mg granules administered as an oral solution 
can provide a pharmacokinetic profile substantially consistent to that of 
other similar formulations.  
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