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Abstract

Background To assess the food effects and pharmacokinetic profile of oral prednisone (test preparation,5 mg) and
prednisolone tablets (reference preparation,5 mg) using a randomized, two-period, two crossover, single-dose, fast
and fed trial in 48 (24 in fast, 24 in fed) healthy Chinese adult subjects.

Materials and methods In the trial, the plasma concentrations were determined at different time points up to 24 h
and the pharmacokinetic parameters were analyzed according to the concentration data by non-compartmental
analysis using WinNonlin software. All laboratory parameters, vital signs and adverse events (AEs) were monitored and
recorded under the supervision of the clinicians throughout the whole process of the study.

Results Prednisone and prednisolone undergo interconversion in liver. On average, the bioavailability of
prednisolone after oral prednisone is approximately 80% of that after prednisolone. And about 20% of prednisolone
is converted to prednisone after administration of equivalent oral of prednisolone tablet. Food taken with prednisone
or prednisolone tablets delays the time reach the peak prednisone or prednisolone concentration (T,,,,) by
approximately 0.5 h but does not affect systemic exposure. Prednisone and prednisolone tablets were well tolerated,
and there were no serious adverse events reported in the study.

Conclusions For there was no information about the pharmacokinetic profile and food effects of oral prednisone
and prednisolone tablets, the result of this research would be a clinical medication for doctors especially dealing
patients with varying degrees of liver diseases.

Clinical Trial Registration CTR20200093; registered in http://www.chinadrugtrials.org.cn/ at 11 March 2020.
Key points

- The food effects and pharmacokinetic evaluation of prednisone acetate and prednisolone were investigated in
healthy Chinese subjects.
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- Prednisone and prednisolone undergo interconversion in liver. On average, the bioavailability of prednisolone after
oral prednisone is approximately 80% of that after prednisolone.

- Food taken with prednisone or prednisolone tablets delays the T,

but does not affect AUC.

max
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Introduction

Prednisone is a commonly prescribed glucocorticoste-
roid which are widely used as anti-inflammatory, anti-
allergic, anti-rheumatic for allergic and autoimmune
inflammatory diseases [1].

Prednisone acetate is a kind of acetate of prednisone
and prednisone’s acetate formation increases the stability
of prednisone. It is a unique component in China.

Prednisone acetate is more readily absorbed by the
gastrointestinal tract and can be rapidly hydrolyzed to
prednisone in the body. In vivo, prednisone has no physi-
ological activity but prednisone can convert to predniso-
lone which is assumed to be the pharmacologically active
component and prednisolone can convert to prednisone.
So prednisone is a pro-drug and inactive metabolite of
prednisolone [2].

But there is a poor understanding of the clinical role
of its pharmacokinetics, especially owing to its unusual
time course and nonlinear disposition. The absorption
rate and degree especially the unusual interconversion
bioavailability ratio of prednisone and prednisolone and
food effect of the two drugs are not available in the drug
instructions and still poor understanding [3].

Determining a drug’s bioavailability and bioequivalence
is important for measuring a drug’s pharmacokinetic
profile in biological matrices, and making important
decisions regarding safety and efficacy.

In order to evaluate the food effects and pharmacoki-
netic profile of prednisone and prednisolone, a total of
two randomized, two-period, crossover, fast and fed tri-
als after a single oral of 5 mg prednisone (test prepara-
tion) and prednisolone (reference preparation) tablets in
healthy Chinese subjects were carried out successively.

Methods
Study overview
The study protocol was approved by the Ethics Commit-
tee of the Hospital of Dermatology, Chinese Academy
of Medical Sciences & Peking Union Medical College
(Nanjing, China) successively and performed according
to current revision of the Declaration of Helsinki and
the GCP guideline. After having received a thorough
informed about the aim, course and possible risks of the
clinical trial, all subjects signed informed consent forms
before their participation in the study.

In the trial, the reference preparation (R, 5 mg prednis-
olone tablet, Prednisolone Pfizer) was product by Pfizer
AB Corp (USA). The test preparation (T,5 mg prednisone

tablet) was provided by Zhejiang Xianju Pharm Co., Ltd.
(China).

Subjects
According to the statistical power analysis results, the
sample size of 24 subjects is adequate for detecting the
pharmacokinetic parameters of prednisone or predniso-
lone at fast or fed states. So a total of 48 subjects entered
the trial.

All 48 male and female subjects were in good health
after being assessed medical and drug abuse history,
physical examination (neck, liver, nervous system,
chest, spleen, blood pressure, pulse, body temperature,
breathing), standard laboratory test results (standard
hematology, blood chemistry, urinalysis),12-lead Elec-
trocardiograms (ECGs), woman pregnancy test and
drug abuse test(3,4-methylenedioxymethamphetamine,
morphine, methylamphetamine, ketamine). Virus and
Treponema pallidum screening was performed including
Hepatitis B surface antigen, Hepatitis C antibody, Human
immunodeficiency virus antibody and the gelatin aggluti-
nation of Treponema pallidum test. The prothrombin test
was also carried out as a part of laboratory tests.

Volunteers whose screening results were clinically sig-
nificant abnormal at physical examination, laboratory
tests or ECGs were excluded. The following reasons were
also served as exclusion criteria: a history of clinically sig-
nificant cardiovascular, hepatic, renal, gastrointestinal,
pulmonary, vascular diseases; a history of a psychiatric
disorder; a history of alcohol abuse; allergy to the study
drugs; participation in another clinical drug trial within
the previous one month; blood donation within the pre-
vious 3 months; use any medication during the previous
2 weeks and women during breastfeeding period. Only
subjects with all examination results being normal or
abnormal with no clinical significance were enrolled the
trial.

Study design and procedures

The trial was a single-dose (5 mg), randomized, two-
period, crossover studies and carried out successively in
the phase I clinical ward of the Hospital of Dermatology,
Chinese Academy of Medical Sciences.

During the fast experimental phase, the participants
entered into the ward one day before the trial. After a
series of screening procedures including alcohol test and
health consultations, the final 24 enrollment subjects
were confirmed according to the inclusion and exclusion
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criteria. The subjects were divided into two groups (12 in
T group and 12 in R group at fast or fed trial) according
to the random table by using SAS 9.4 software. Each sub-
ject was administered drug along with 240 mL of water.
All doses were taken in the morning after an overnight
fast. Subjects could drink water freely at 1 h and have
standardized meals at 4 h and 10 h after drug administra-
tion. The strenuous exercises or bed ridden for subjects
were forbidden. In each period, the volunteers should
not leave the clinical ward. After one week of washout
interval, the second period was repeated in the same
procedure except the crossover drug. At the end of each
period, blood cell count, blood biochemistry, urinalysis
and ECGs were reexamined and the subjects could leave
the ward.

During the fed experimental phase, the 24 subjects
were given a high-fat breakfast (2 fried chicken hamburg-
ers, 10 gram of butter and 250 ml of whole milk) half an
hour before orally administration of drug according to
the random table. The blood samples were also collected
at the same time points. The other process of study was
the same as the fast experimental state. Every period
washout interval was one week. The second period fol-
lowed the same procedure as the first one except the
cross drug. The subjects could not leave the ward at each
end of period until the laboratory tests and ECGs had
been reexamined.

Analysis method assessments

Venous blood samples were collected pre-dose and post-
dose at 0.25, 0.5, 0.75, 1, 1.33, 1.66, 2, 2.5, 3, 3.5, 4, 5, 6, 8,
12 and 24 h. At each time point, the blood volume was 4
mL. The plasma samples were centrifuged and separated
at 2000 x g for 10 min and stored at -60 °C until LC-MS/
MS analysis.

Prednisone and prednisolone were purchased from
National Institutes for Food and Drug Control and pred-
nisone-d8 was used as internal standard (I.S.,Toronto
Research Chemicals) for the quantification.

The analysis of the plasma samples was conducted in
Nanjing Clinical Tech Laboratories Inc. The Analysis
of the concentrations of prednisone and prednisolone
in plasma was performed with a validated liquid chro-
matography with tandem mass spectrometry (LC-MS/
MS) equipped in a positive ion electrospray ionization.
The LC-MS/MS system equipped with a Shimadzu LC-
30AD HPLC system (Shimadzu, Japan) and an API 5500
mass spectrometer (Applied Biosystems, USA) with
an electrospray ionization (ESI) interface operated in a
multiplereaction monitoring (MRM) positive ion mode.
Selected ion transitions were m/z 359.1(parent ion) to
265.0(product ion) for prednisone, m/z 361.1 (parent ion)
to 325.1 (product ion) for prednisolone and m/z 367.2
(parent ion) to 270.2 (product ion) for internal standard
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(IS), respectively. An ACE C,g column combined with
a guard column was used. The total analysis time was
5 min. The mobile phase consisted of (A) 0.5% formic
acid containing 5.00 mM NH,Ac solution and (B) ace-
tonitrile containing 0.1% formic acid (B). A gradient elu-
tion procedure was carried out as the following program:
0—1 min, 35% B; 1.1-2.7 min, 50% B; 2.8—3.5 min, 100%
B; 3.6—5.0 min, 35% B in 5 min. The flow rate was set at
0.4 mL/ min.

The determination method was validated by carrying
standard concentration curve of the two analytes, the
intra- and inter-day precisions, the matrix effects and the
stability experiments.

Fifty microliters of plasma sample was added to a
96-well plate. Then 30 pL of IS (120 ng/mL) and 30uL
of 50% acetonitrile aqueous solution were added to all
samples. After being vortexed 3 min and centrifuged at
4000 rpm for 10 min, the 120 uL supernatant was trans-
ferred into 96-well plate and diluted with 80 pL ultra-
pure water. Aliquot of 20 pL of each sample solution was
injected for LC-MS analysis.

Pharmacokinetic assessments

The main pharmacokinetic parameters included the
area under the plasma concentration-time profile from
0 to the last measurable concentration (AUC,_,), AUC
extrapolated from time zero to infinity (AUC,_,), and
the maximum plasma concentration (C and the time
required to reach C_,, (T,..0)-

From the plasma concentration data, pharmacokinetic

parameters could be estimated by non-compartmental
analysis using WinNonlin Professional software (Phar-
sight Corp., Mountain View, CA, USA) (version 8.0).
The difference of T, ,, between prednisone and pred-
nisolone was examined by t-test. The SAS software (SAS
Institute Inc., Cary, NC, USA) (version 9.4) software
was employed for the bioequivalence statistical analysis.
Bioequivalence was determined as two-sided 90% confi-
dence intervals (CI) and adjusted geometric mean ratios
(GMRs) of the AUC and C,,, for each constituent of test
and reference preparation within 80.00—125.00%.

max)

Safety assessments

All laboratory parameters, vital signs and adverse events
(AEs) were monitored and recorded under the supervi-
sion of the clinicians throughout the whole process of the
study. The ward was equipped with emergency rescue
drugs and instruments.

Results
Subjects
After being screened as the same inclusion and exclu-
sion criteria, a total of 24 healthy Chinese volun-
teers (15 males, 9 females, aged 24.58+5.58 vyears,
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Table 1 Baseline characteristics of the subjects at fast or fed
state

Baseline characteristic Fast (Mean+SD) Fed
(Mean*SD)
Gender, n (%) Male 15(62.5); Female Male 16(66.67);
9(37.50) Female 8(33.33)
Age (years) 24.58+558 2642+5.01
Height (cm) 170.35+6.84 168.94+7.52
Weight (kg) 62.25+8.54 61.78+5.72
BMI (kg/mz) 21414230 2166+ 181
Ethnicity, n (%) Han 23(95.83) Han 24(100)

Table 2 The main laboratory examination parameters of the
subjects at fast or fed state
Parameter

Fast (Mean+SD) Fed (Mean+SD)

Blood white blood cells (10A9/L) 5.82+1.17 632+147
Blood red blood cells (10A12/L)  4.74+0.50 479+042
Hemoglobin (g/L) 145.75+1642 147.75+1048
Platelet (10A9/L) 23467 £46.82 24438+51.03
Total Bilirubin (umol/L) 12.52+5.08 13.96+£3.65
Alaninetransaminase (U/L) 16.96+10.18 18.04+1147
Aspartate aminotransferase (U/L) 19.58+4.56 18.83+5.04
Urea (mmol/L) 407+0.86 3.89+1.08
Creatinine (umol/L) 64.21+12.40 64.71+1245
Total cholesterol (mmol/L) 426+0.68 404+0.80

BMI 21.41+2.30) and 24 healthy Chinese volunteers
(16 males, 8 females, aged 26.42+5.01 years, BMI
21.66 +1.81) were enrolled in the fast and the fed state
of the trial, respectively (Table 1). The main laboratory
examination parameters of the enrolled volunteers were
shown in Table 2.

Analysis methodology result

The determination method was validated and found
to be linear over the concentration range of 0.60 to 40
ng/mL (r*=0.9938) for prednisone, 1.00 to 160 ng/mL

5055 20CT0019 ULOQ without IS 1 - Prednisone (Unknown) 359.100/2...
Area: 70592 counts Height: 9.99e+003 cps RT: 1.79 min
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Fig. 1 The HPLC-MS/MS chromatogram of prednisone
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(r*=0.9947) for prednisolone. The LLOQ (lower limit of
quantification) and ULOQ (upper limit of quantification)
were 0.60 and 40 ng/mL for prednisone, 1.00 and 160 ng/
mL for prednisolone respectively.

The intra- and inter-day precisions of the two analytes
were acceptable (intra- and inter-day variation<16.2%
for prednisone, <10.5% for prednisolone), and accuracy
(recovery>90.4% for prednisone, >89.6% for predniso-
lone). The internal standard normalized matrix effect
factors (IS-normalized MF) of the two analytes were all
less than 15%.The accuracy results of the stability experi-
ments were all less than 15% which showed that predni-
sone and prednisolone were all stable during short-term
storage (at room temperature, 1 day), preparation storage
(8 °C,7 day), five freeze - thaw cycles (-20 °C,-70 °C), and
long-term storage (stored at -20 °C, -70 °C, 77 days).

The determination methodology results demonstrated
that the method was rapid and reliable for simultaneous
analysis prednisone and prednisolone. The chromato-
grams of prednisone and prednisolone were shown in
Fig. 1 and 2.

Pharmacokinetic analysis

After administration of prednisone tablet, prednisone
is converted in the liver to prednisolone, which is the
major pharmacologically active metabolite of prednisone.
Prednisolone can also convert to prednisone in plasma.
In fast state, the mean plasma prednisone and predniso-
lone concentration-time profiles were shown in Figs. 3—6.
The mean plasma prednisone and prednisolone concen-
tration profiles obtained from both preparations were
almost identical.

For prednisone component, the C_ .., AUC,_,and T, ,,
were 23.59 ng/mL, 122.10 ng-h/mL and 3.50 h for the test
preparation, whereas those for reference one were 25.00
ng/mL, 136.91 ng-h/mL and 3.0 h respectively at fast
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(peak not found)
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Fig. 2 The HPLC-MS/MS chromatogram of prednisolone
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Fig. 3 The mean plasma concentration-time profile of prednisolone in fast study

state. For prednisolone component, the C .., AUC,_,
and T, were 118.05 ng/mL, 532.58 ng-h/mL and 1.84 h
for the test preparation, whereas those for reference one
were 140.79 ng/mL, 621.19 ng-h/mL and 1.0 h respec-
tively at fast state (Table 3).

While in fed study, the C_,,, AUC,_, and T, obtained
from test preparation were 20.26 ng/mL,123.09 ng-h/mL
and 4.0 h whereas those from reference one were 22.53
ng/mlL,138.23 ng h/mL and 3.52 h, respectively for pred-
nisone. The C_,, and AUC,,_, obtained from test prepa-
ration were 109.35 ng/mL, 584.86 ng-h/mL and 2.50 h

whereas those from reference one were 118.85 ng/mL,
666.30 ng h/mL, and 1.67 h respectively for prednisolone.

In fast or fed study, both drugs are rapidly absorbed
after oral administration, reaching peak plasma concen-
trations after 1 to 4 h. The T,,,, of prednisone are longer
(3.0-3.5 h in fast state, 3.52—4.0 h in fed state) than that
of prednisolone (1.0-1.84 h in fast state, 1.67-2.50 h in
fed state) (P<0.01).

In conclusion, the pharmacokinetic parameters were
similar between prednisone and prednisolone. What-
ever in the fast or fed study, the 90% ClIs of the GMRs
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Fig. 4 The mean plasma concentration-time profile of prednisone in fast study
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Fig. 5 The mean plasma concentration-time profile of prednisolone in fed study

of prednisone and prednisolone for C_,,, AUC,_, and
AUC,__are within the bioequivalence acceptance range
of 80.00-125.00%, indicating that prednisone and pred-
nisolone are bioequivalent (Table 4).

Safety analysis

In the trials, the 5 mg of prednisone or prednisolone was
safe and well tolerated in fast and fed state, and there
were no serious AE reported in the two studies. The labo-
ratory abnormalities or clinically significant changes in
vital signs or ECGs were mild (Table 5). At last, a total of

21 subjects have completed the fast study and a total of
23 subjects have finished the fed trial. Three subjects in
fast stage and one subject in fed stage dropped out in the
first period for adverse events.

Discussion

In vivo, prednisolone and prednisone undergo revers-
ible inter-conversion metabolism mediated primarily by
type 1 dehydrogenase (113-HSD) and type 2 dehydro-
genase (11B-HSD?2) in liver. 113-HSD1 acts primarily as
a reductase transforming inactive prednisone to active
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Fig. 6 The mean plasma concentration-time profile of prednisone in fed study

prednisolone, while 113-HSD2 acts primarily as an oxi-
dase transforming active prednisolone to inactive predni-
sone [4, 5]. The metabolic inter-conversion of prednisone
and prednisolone is nonlinear metabolic conversion
which has been related to nonlinear plasma protein bind-
ing [6, 7]. That is to say, prednisone and prednisolone can
interconvert in plasma after taken with prednisone or
prednisolone tablets.

But the unusual pharmacokinetic course and food
effect of the two drugs are not available in the drug
instructions and can 't meet the needs of dose adjustment
during clinical use. In order to improve the drug instruc-
tion with supplementary information, a total of two ran-
domized, two-period, crossover, fast and fed trials after a
single oral of 5 mg prednisone and prednisolone tablets
in healthy Chinese subjects were carried out to evaluate
the food effects and pharmacokinetic profiles of predni-
sone and prednisolone. After a series of screening proce-
dures, a total of 48 enrollment subjects (24 in fast group,
24 in fed group) were enrolled in the trial. According
to the statistical power analysis results, prednisone and
prednisolone all have small coefficients of intra-individ-
ual variation in healthy volunteers. So the sample size of
24 subjects is adequate for detecting the differences in
pharmacokinetic parameters between different subjects
at fast or fed states.

In fast study, the C ., of prednisone component in
plasma was not significantly different between test and
reference preparations, but AUC,_, of prednisone in test
preparation was significantly less than that of in refer-
ence one. While for the prednisolone component, there
were significant differences in C,, and AUC,_, param-
eters of prednisolone between the test and reference

preparations. The results showed that the C_, and
AUC,_, of prednisolone in the test one were lower than
in the reference one.

In fed condition, the results suggested that the C_
and AUC,_, of prednisone and prednisolone in plasma
were significantly different between the two groups. The
C.ax and AUC, _, of prednisone and prednisolone of the
test preparation were lower than those of the reference
preparation.

The plasma concentration of prednisolone was about
5 times that of prednisone after either administration of
test or reference preparation under fast or fed state.

Interestingly, the mean plasma concentration ratios of
prednisone and prednisolone were very similar whatever
administration of prednisone and prednisolone tablet in
fast or in fed state. Prednisone or prednisolone was con-
verted into prednisolone or prednisone immediately. At
0.25 h, the concentration ratio of prednisone/predniso-
lone was about 3%. With time going on, the concentra-
tion of prednisone increases. And the maximum ratio
was about 30% happened at 4 h in fast state and about
28% happened at 8 h in fed state. The mean plasma con-
centration ratios of prednisone and prednisolone were
shown in Fig. 7.

There is a high degree of interconversion between
prednisone and prednisolone. On average, the compari-
son of AUC of prednisone or prednisolone showed that
approximately 82% (81.20% of fast,82.59% of fed) of pred-
nisone is converted to prednisolone after administration
of 5 mg of prednisone tablet and about 18% (18.11% of
fast,17.16% of fed) of prednisolone is converted to pred-
nisone after administration of equivalent oral of prednis-
olone tablet.
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Table 5 Adverse events of prednisone and prednisolone in T
and R formulations at fast or fed state

Adverse events Fast Fed Se-

T(n=23) R(n=22) T(n=23) R(n=23) ver-
ity

Alanine ami- 2(8.70%) 1(455%) O 0 Mild

notransferase

increased

Bilirubin 0 1(455%) O 0 Mild

increased

Urine white 1(4.35%) 1(4.55%) O 0 Mild

blood cells

increased

Urinered blood  1(4.35%) 0 0 0 Mild

cells increased

Blood glucose 0 1(455%) 0 0 Mild
increased
Blood pressure 1(4.35%) O 0 0 Mild
decreased
Electrocardio- 0 1(4.55%) 1(4.35%) 1(4.35%) Mild
gram abnormal
Urine latent 0 0 1(4.35%) O Mild
blood
Dizzy 0 0 0 1(4.35%)  Mild
35 7
—o— fast-T
30 -
—&— fast-R
25 —a—fed-T

——fed-R

I'he concentration ratio of
prednisone/prednisolone (%)

4 6 8 10 12 14 16 18 20 22 24
Time (h)

(=]
o

Fig. 7 The mean plasma concentration ratios of prednisone and
prednisolone

Food had no effect on the extent of absorption (AUC,_,
122.10, 136.91 [fast, T,R] vs. 123.09, 138.23 ng-h/mL [fed,
T,R] of prednisone, AUC,_, 532.58, 621.19 [fast, T,R]
vs. 584.86, 666.30 ng-h/mL [fed, T,R] of prednisolone),
and peak concentration was not significantly changed
(Chrax 23.59, 25.00 [fast, T,R] vs. 20.26, 22.53 ng/mL [fed,
T,R] of prednisone, C_,, 118.05,140.79 [fast, T,R] vs.
109.35,118.85 ng/mL [fed, T,R] of prednisolone), while
rate of absorption was slow down after the high-fat food
(Tpax 3-50, 3.00 [fast, T,R] vs. 4.00, 3.52 h [fed, T,R] of
prednisone, 1.84, 1.00 [fast, T,R] vs. 2.50, 1.67 h [fed, T,R]
of prednisolone).

Food taken with test or reference tablets did not affect
bioavailability, except delayed the time required to reach
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the peak prednisolone or prednisolone concentration
(Thay) approximately 0.5 h.

In addition to the impact of liver function on pharma-
cokinetics, kidney function could also affect drug metab-
olism of prednisone or prednisolone. Moreover, the
pharmacokinetic behaviors in special populations such as
the older adults and women during pregnancy and lacta-
tion were also different [8—10].

The administration of drugs in fed state reduced the
absorption rate of prednisone and prednisolone, which
was consistent with the research results of Al-Habet
and Rogers [11]. However, the delayed time was not
same due to different ethnicities, sample size and drug
formulations.

Conclusions

In conclusion, prednisone was bioequivalent and as safe
as prednisolone under fast or fed conditions in healthy
Chinese subjects.

The ingestion of food did not increase the extent of
prednisone or prednisolone absorption. Therefore if con-
cern regarding upper gastrointestinal side effects, it can
be recommended to patients that prednisone or prednis-
olone be taken with a meal.

Liver disease decreased the conversion ratio of pred-
nisone to prednisolone. At the same time, it prolongs
the prednisolone half-life in such patients. The reduced
plasma concentration of prednisolone can be partially
compensated for by delayed clearance.

Thus, there is little advantage of one preparation over
the other.

Because prednisone has no physiological activity but
prednisolone is a pharmacologically active component
in vivo, prednisolone has more clinical advantages than
prednisone. In gerenal, prednisolone may be a more
suitable option for patients in clinical use than predni-
sone due to its direct administration. It is important to
consider the severity of liver dysfunction and the spe-
cific clinical physical conditions when making treatment
decisions.
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