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Background. Pancreatitis is the inflammation of the pancreas. The inflammation may occur suddenly and
resolve in a few days with the treatment in case of acute pancreatitis (AP). Chronic pancreatitis (CP) is a persistent
inflammation of the pancreas that results in irreversible morphological changes and impairment of both exocrine
and endocrine functions. Abdominal pain is a typical symptom in both acute and chronic pancreatitis. Therefore,
the application of analgesics to this group of patients is a part of complex pharmacotherapy. Material and methods.
A simple, precise, specific, and accurate HPLC (High Performance Liquid Chromatography) method was developed
for the determination of acetaminophen (AAP) in human plasma. The chromatography was set on XTerra® RP
C18, 150x4.6 mm, 3.5 pm column. The UV detector was set at 254 nm for AAP and phenacetin (internal standard).
The injection volume was 2 pL. The mobile phase comprised phosphate buffer pH 3.5 and methanol in the ratio of
80:20 with flow rate of 1 mL/min. Results. The calibration for AAP was linear in the range 1.0-30.0 pg/mL. Lower
limit of quantification (LLOQ) was 1.0 ug/mL. The results for quality control samples (QCs) at concentrations
of 1, 6, 15, and 25 pg/mL were less than 15% indicating good intra- and inter-day precision. Blood samples from
patients with chronic pancreatitis were collected within 8 h after the drug intravenous administration (1000 mg).
Pharmacokinetic (PK) parameters for AAP were estimated by non-compartmental method. Conclusion. The

proposed HPLC-UV method is suitable for routine analysis in patients. (Farm Wspét 2017; 10: 3-10)
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Introduction

Pancreatitis is the inflammation of the pancreas,
which could be either acute or chronic [1]. Chronic
pancreatitis (CP) is a progressive and permanent
destruction of the pancreas leading to by exocrine
and endocrine insufficiency and, often, chronic dis-
abling pain [2]. The etiology of chronic pancreatitis is
multifactorial [3,4]. Chronic alcohol use considers for
70 percent of the cases of chronic pancreatitis in adults,
and most patients have consumed more than 150 g of
alcohol per day over six to 12 years [5,6]. Moreover,
the risk factors of CP include nicotine consumption,
hereditary factors, efferent duct obstructions, immuno-
logical factors or rare metabolic disorders [4]. Patients
with CP typically present with epigastric or left upper

quadrant pain which could be relieved by analgesics,
e.g. acetaminophen [7].

Acetaminophen (paracetamol) is an analgesic and
antipyretic drug. It is a weak prostaglandin inhibi-
tor and possesses no significant anti-inflammatory
effect [8,9]. In vitro, AAP is a weak inhibitor of both
cyclooxygenases: COX-1 and COX-2, and inhibits
additional form of COX, COX-3 [10]. The pharmaco-
kinetics (PK) of AAP are linear. It is readily absorbed
from the gastrointestinal tract with the peak plasma
concentrations occurring about 10 to 60 minutes after
oral administration [11]. The distribution of AAP
occurs into most body tissues. At usual therapeutic
doses, plasma protein binding is negligible but it with
increases increasing doses. The volume of distribution



FARMACJA WSPOLCZESNA 2017; 10: 3-10

(Vy) of AAP is approximately 1 L/kg and 10-20% of
circulating AAP is bound to plasma protein [12,13].
AAP is metabolised in the liver predominantly result-
ing in two major metabolites, sulphate and glucuronide
conjugates. A small fraction (< 4%) is metabolised by
cytochrome P450 to a reactive intermediate N-acetyl
benzoquinone imine (NAPQI) [14]. Under normal
conditions of use, NAPQI is rapidly detoxified by
reduced glutathione. It conjugates with cysteine and
mercapturic acid and is eliminated with the urine [14].
At therapeutic doses, the major isoform of P450 in
human liver (CYP3A4), contributes to the production
of the cytotoxic metabolite. For very high, suprathera-
peutic plasma concentrations (1500 mg/L) of AAP, the
2E1 and 1A2 isoforms may also be involved [11]. The
metabolites of AAP are mainly excreted in the urine.
90% of the dose administered is excreted in 24 hours
mainly as glucuronide and sulphate conjugates (60-80%
and 20-30% respectively). Less than 5% of AAP is
eliminated unchanged [12]. It is necessary to study the
PK parameters in AP and CP because AP is one of the
most common diseases of the gastrointestinal tract and
it leads to enormous emotional, physical, and financial
burdens [15,16]. In addition, the knowledge about drug
absorption in CP is still limited [17].

The changes of drug PK are depending on the
absorption which may be decreased in case of pancre-
atitis especially in CP, because it is well recognized that
pancreatitis patients suffer from malabsorption [18,19].
The aim of the study was validation and modification
of analytical method for monitoring acetaminophen
plasma concentrations in patients with CP.

Material and methods
Chemicals and reagents

Working standards of acetaminophen and phe-
nacetin - the internal standard (IS), were purchased
from Sigma-Aldrich Co., St. Louis, MO, USA. All che-
micals and reagents used were of HPLC grade > 98%
and were purchased from Merck, Germany. Milli-Q
grade (Millipore, Bedford, USA) water was used in
all cases. Blank human plasma was obtained from the
Blood Bank (Poznan, Poland) and stored at — 22°C
prior to use. Patients’ blood samples were collected at
the Department of Gastroenterology and Hepatology,
University of Medical Sciences, Gdansk. The study was
approved by the Ethics Committee in Gdansk (No:
NKBBN/221/2015).

Chromatographic condition

The HPLC method reported by Helmy et al [20]
was modified to fulfill our objectives. The validation
of the method was done at the Department of Clinical
Pharmacy and Biopharmacy, University of Medical
Sciences, Poznan.

The analysis was performed using a HPLC system
equipped with a dual-wavelength absorbance detector
and an autosampler (Waters 2695 Alliance, Milford,
USA). Data analysis program Empower Pro, No 1154
Waters, Milford, USA was used for data acquisi-
tion and processing. Chromatographic separation
was accomplished with a XTerra® RP C18 column
(150 mm x 4.6 mm, 3.5 um particle size; Waters?®,
Ireland). The mobile phase comprised 0.1 M sodium
dihydrogen phosphate buffer (pH adjusted to 3.5 with
phosphoric acid) and methanol (80:20 v/v); the elution
was isocratic at ambient temperature with a flow rate
of 1 mL/min. The injection volume was 2 puL. The UV
detector was setat 254 nm for AAP and IS (phenacetin).
The peak areas were calculated using the data analysis
program Empower Pro software. The examples of
chromatograms are presented in Figures 1-2.

Standard solutions

The preparation of the stock solutions of
1000 ug/mL of AAP was made by a proper dissolution
of AAP substance into methanol. The stock solutions
were used to prepare 12 standard solutions of AAP by
diluting in methanol. Standard solutions concentra-
tions were 10, 20, 40, 50, 80, 100, 120, 160, 180, 200, 250
and 300 pg/mL. 100 uL of working solution of AAP and
50 uLIS were added to a final volume of 0.35 mL plasma
to form a set of calibration standards with concentra-
tions of 1, 2, 4, 5, 8, 10, 12, 16, 18, 20, 25 and 30 pg/mL
used to prepare matrix based samples. Quality control
samples (QC) were prepared at 1, 2, 6, and 15 ug/mL
for AAP. A working IS solution containing 1.0 mg/mL
phenacetin dissolved in methanol was prepared. All
plasma solutions were stored at — 22 °C until assay.

Sample preparation

All blood samples were collected in tubes conta-
ining heparin. After centrifugation, plasma samples
were conveyed to plastic tubes and stored frozen at —
22°C until examination. To perform the extraction of
drugs from plasma, 450 pL of plasma was added to a
test tube containing 50 uL IS accompanied by 500 uL of
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methanol in a polytetrafluoroethylene microfuge tube.
The tube was vortexed for 1 min and then centrifuged
at 7000 rpm for 6 min. The supernatant was separated,
and 2 pL was injected into the HPLC. All procedure
steps were carried out at room temperature.

Pharmacokinetics

PK parameters were calculated using software
Phoenix™ WinNonlin® v. 6.3, Certara L.P.) based on
non-compartmental kinetics. For each patient the
following PK parameters for AAP were calculated:
area under the plasma concentration-time curve from
time zero to infinity (AUC, ), area under the plasma
concentration-time curve from zero to the time of last
measurable concentration (AUC,,,,), maximum obse-
rved plasma concentration (C,,,,), half-life in elimina-
tion phase (t, 51), clearance (Cl), mean residence time
(MRT), area under the first moment curve from zero to
the time of last measurable concentration (AUMC,,),
volume of distribution (V).

Results
Assay Validation
Linearity

The following regression equation was found by
plotting the peak area ratios of AAP to the IS (y) versus
the acetaminophen concentrations (x) expressed in
pg/mL: y = (1.64 + 0.43) - x - (2.51 £ 0.54). The value
of the coefficient r* (>0.9976) obtained for the regres-
sion line demonstrates the good relationship between
peak area ratios of AAP to the IS and concentration of
acetaminophen. The calibration for AAP was linear in
the range 1.0-30.0 pg/mL.

Limits of quantification

The lower limit of quantification (LLOQ) was
1 pg/mL for AAP. In addition, LLOQ accuracy was
within 20% of the nominal spiked concentration.

Selectivity and matrix effects

A 450 uL of standardized plasma was used. Next,
the blank samples were prepared to HPLC analysis
according to the description presented above for cali-
bration samples. There weren't detectable interfering
peaks observed at the retention times of AAP that
exceed the limit approved by EMA.

Precision and accuracy

The results proved good precision and accuracy
over the concentration range 1-30 ug/mL. The within-
-day precision and accuracy were assessed by analyzing
each quality control (QC) samples 4 times on the same
day, while between-day precision and accuracy were
assessed by calculating the overall QCs (at least 3 repli-
cates at each concentration per analytical run) that
were assayed during the study period. The coefficient of
variation (CV %) of the measured concentrations was
used to determine the precision of the assay.

CV [%] = Standard Deviation/Average x 100%

The accuracy of the assay was defined as the abso-
lute mean value of the ratio of the back calculated mean
values of the unknown samples and their nominal
values, expressed as a percentage.

Accuracy [%] = Absolute mean value/Nominal
valuex100%

The analysis run was accepted if at least 2 out of
3 QCs samples were within 20 % of the nominal con-
centration. The within- and between-day precision and
accuracy of the 3 QCs and LLOQ of AAP in human
plasma were listed in tables (I-VI). The %CV for the
QCs and the LLOQ was within 10%, and the accuracy
was ranged between 103.45 and 110.0%.

Stability

Freeze-thaw, short-term and long-term stabilities
were tested for the 3 QC’s with 3 determinations for
each (tables V and VI). Stability of AAP after 3 freeze-
thaw cycles of plasma samples showed that it was stable
when subjected to these conditions. Short-term stability
prevailed unchanged up to 24 h at ambient temperature
(25.7°C). The long-term stability was found to be con-
stant over a period of 1 month at the storage condition
of - 22°C in the refrigerator.
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Figure 1. Chromatogram of acetaminophen in plasma at the concentration 15 pg/mL (IS - internal standard)
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Figure 2. Example of chromatograph from patient’s plasma (acetaminophen concentration: 22.17 pg/mL)
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TableI.  Precision within run Table IV. Accuracy between run
C C.vg C [pug/mL] C.. [Hg/mL] Accuracy [%]
SD CV [%
[ug/mL] [ug/mL] b 1 117 117.00
1 1.10 0.04 3.26 6 578 96.33
6 5.93 0.14 2.50 15 15.39 102.60
15 15.52 0.46 3.01 25 26.59 106.384
25 25.62 0.44 1.73
Table V.  The freeze and thaw stability
Table II.  Precision between run C.vg Crreezing [MG/  Stability
[ng/mL] [ng/mL] mL] [%]
c Cavo sD CV [%]
[pg/mL] [ug/mL] “ 2 214 2.25 95.11
1 1.18 0.06 5.76 6 6.53 6.18 105.66
6 5.78 0.31 5.44 15 15.52 15.10 102.78
15 15.39 0.34 2.23
25 26.59 0.70 2.63 Table VI. Long term stability of the analytes in

matrix stored in the freezer (1 month)

Table ITI. Accuracy within run Clug/mL]  C,. [ug/mL] C,,... [ug/mL] Stability [%]
C [pg/mL] C..o [Hg/mL] Accuracy [%] 2 214 2.00 106.50
1 1.10 110.00 6 6.53 6.99 93.40
6 6.53 108.83 15 15.52 17.24 90.00
15 15.52 103.45
25 25.62 102.51

cmax

Table VII. Pharmacokinetic parameters of acetaminophen (1000 mg, i.v.) in patients with pancreatitis (n = 9)

Subject K, [h-1] t 5. [h] [Mg MRT [h]

1 0.214 3.24 15.14 33.44 41.07 80.65 | 29.91 90.17 4.55

2 0.237 2.93 20.70 21.63 24.21 87.72 | 46.22 41.05 2.99

3 0.217 3.19 6.39 19.19 23.92 138.38 | 52.12 50.95 4.62
4 0.061 11.35 22.06 16.73 31.81 126.54 | 59.78 35.41 12.67

5 0.180 3.85 27.73 34.68 43.7 66.4 28.84 79.84 4.63

6 0.173 4.01 2217 48.14 62.72 54.21 20.77 125.64 5.21

7 0.133 5.20 11.86 24.50 37.31 113.86 | 40.81 68.36 715

8 0.129 5.36 14.61 58.52 86.04 51.84 17.09 177.5 7.09

< 0.291 2.38 27.09 6719 74.29 37.75 14.88 170.44 3.39
Mean 0.182 4.61 18.64 36.00 47.23 84.15 | 34.50 93.26 5.81
SD 0.068 2.71 7132 18.12 2219 35.45 | 16.03 53.40 2.93
CcvVv 0.37 0.59 0.382 0.50 0.47 0.42 0.46 0.57 0.51
CV [%] 37.5 58.9 38.30 50.34 46.97 4212 46.5 57.2 50.56

*K,, — elimination rate constant, t, . — biological half-life, C

‘max

- maximum plasma concentration, AUC,, — area under the plasma concen-

tration-time curve up to the last measurable concentration, AUC, ;- area under the plasma concentration-time curve from zero to infinity,

V, - volume of distribution, CL - clearance, AUMC,,, — area under the first moment curve up to the last measurable concentration, MRT

— mean residence time, SD - standard deviation, CV - coeflicient of variation
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Figure 3. Concentrations [ug /mL] of acetaminophen in the patients with pancreatitis (n = 9) after a single i.v.

dose of acetaminophen (1000 mg)

In the present study, there were 9 patients
(4 women, 5 men) who received i.v. AAP (table VII).
Patients were hospitalized at the Department of
Gastroenterology in Gdansk due to exacerbation of
CP. Patients were in the age range of 27 to 67 years and
weight range of 57.1 to 100.0 kg. All patients had relati-
vely normal liver function except 2 alcoholic patients.
ASPAT values were 41 U/I and 84 U/I (reference range
5-34U/L) and ALAT was 64 U/I and 107 U/I (reference
<55U/L) [21]. 1 woman and 1 man were found to have
a higher creatinine clearance than the normal range
(normal range for females is 88-128 mL/min and for
males 97-137 mL/min) [22], while 1 woman and 1 man
were found to have lower creatinine clearance which
was most likely caused by the age of the patients.

Figure 3 shows mean plasma concentration-time
profiles for acetaminophen.

Discussion

Our HPLC method was modified from the original
method reported by Helmy et al [20]. In our method,
we reduced the concentration of sodium dihydrogen
phosphate buffer from 0.2 to 0.1 M. Moreover, pH
increased in our method from 3 to 3.5 using phosphoric
acid. The essential economic modification is decreasing

the injection volume to 2 pL, while Helmy et al. used
25 pL, which mean we reduced the parameter over ten
times. Phenacetin was used in our method as internal
standard compared to tinidazole. Slight difference in
flow rate was used in our method 1 mL/min compared
to 1.2 mL/min.

Our samples gave good results when stored at
— 22°C until examination compared to - 80 °C. In
addition, the polytetrafluoroethylene was centrifuged
at 7000 rpm for 6 min in room temperature, but Helmy
et al. centrifuged it at 6000 rpm for 10 min at 4°C.

Our modified analytical method had various
advantages such as using phenacetin, as an internal
standard (IS), that improved accuracy and precision
of the analysis. Concerning economic and bioethical
reasons, the simple extraction procedure small plasma
volume (350 pL) and small injection volume (2 uL),
made the method reliable and useful in case of analy-
sing expensive and rare samples. The calibration curves
included all drug concentrations measured in clinical
practice and acetaminophen concentrations from the-
rapeutic range (5-20 pg/mL). The within- and between-
-day accuracy and precision were in accordance with
European Medicines Agency (EMA) guidelines [23].
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The validation of the method included a wide range
of plasma concentrations (1-30 pg/mL) and may be
introduced as a proper method for PK studies, TDM
(therapeutic drug monitoring) implementation, and
conventional clinical applications. The authors used
the method for measuring of plasma acetaminophen
concentrations in patients with CP. Next, the pharma-
cokinetic parameters were calculated.

Comparing the obtained pharmacokinetic
parameters between the analysed patients and the
healthy volunteers (n=24) (Study 98051C-CIS) [24],
who received the same i.v. dose of acetaminophen
(1000 mg), the C,,, for the group with CP was lower
than values presented in healthy ones by 37.7%. The
mean C,,, value for acetaminophen for pancreatic
patients was 18.64 + 7.13 pg/mL and for healthy vol-
unteers it was 29.9 + 8.3 ug/mL. AUC,, showed much
lower exposure in pancreatic patients. The values
were 36.00 £ 18.12 pg-h/mL for pancreatic patients
and 57.6 = 10.4 ug-h/mL in the healthy volunteers
[24]. Besides, t, ; was almost doubled in the pancreatic
patients compared to the healthy ones, from the values
2.7 £ 0.4 h in healthy individuals, to 4.61 £ 2.71 h in
pancreatic patients.

AUC,,, C,.o Ty and t, s were compared also
with another study with volunteers (n=34) receiving
the same i.v. dose of acetaminophen (Study CPI-
APA-001) [24] and the results confirmed the differences
between the parameters in pancreatic patients. AUC,

max
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