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Caffeine release from selected pharmaceutical preparations
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Reference drugs that are available on the Polish market were subjected to qualitative, quantitative and caffeine
release analyses. The HPLC technique was used in all assays.

Determination of the pharmaceutical availability of caffeine showed the following values of release for the
respective preparations: Apap Extra 97.2+2.4%; Guaranax 66.8+1.3%; Guarana (Herbapol) 94.1+1.1%; Guarana
(Walmark) 99.9+5.0%, Panadol 86.9+0.2%, Diabolo Guarana 73.5+£5.0%, Magne B-6 Active 55.4+13.6%, Drive Max
88.2+1.6%. For Guarana Caps, pharmaceutical availability was not determined because the substance was not released
from the capsule in the acceptor fluid (HCI, pH=2).

The results of the analysis of the selected dietary supplements for their caffeine content confirmed earlier reports on
instances of divergence between the actual concentration of a given active substance and the declared value. The
analysis of caffeine release profiles for the selected pharmaceuticals shows significant differences between them. The
analyses did not indicate the presence of a caffeine-tannins complex. No extended or retarded release of caffeine from
preparations containing a guarana seed extract, which might otherwise be indicative of a gradual release of caffeine
from such complex, was observed. Differences in the profiles of caffeine release from the test preparations are
attributable to the properties of the respective drug forms, such as the presence of a coating or gelatin capsule. The test
results are not indicative of the presence of a caffeine-tannins complex which, otherwise, might cause caffeine to be
gradually released.

Keywords: caffeine, pharmaceutical preparations, release of active substance, caffeine-tannins complex, high-
performance liquid chromatography

INTRODUCTION individual and environmental differences, affecting
the metabolism of the compound [3]. Reasonable
doses of caffeine (100-300 mg/day) stimulate the
activity of the cerebral cortex by enhancing both
intellectual and physical efficiency and helping
fight drowsiness and fatigue. Different opinions are
expressed on the effect of caffeine on the ability to
concentrate [2]. Among purine group alkaloids,
when compared with theobromine and theophylline
(Fig. 2 and Fig. 3), caffeine has the strongest

The structure of derivatives of xanthines, such
as caffeine (Fig. 1), was identified in the 19"
century. The discovery is deemed to have been
made by Hermann Emil Fischer (1852-1919), who
demonstrated (in 1897) that caffeine and uric acid
had similar structures before proving that the
compound was trimethylxanthine. On the other
hand, Fischer’s research merely confirmed the
structure proposed earlier by Ludwig Medicus

(1847-1915) [1]. stimulating effect on the central nervous system [4].
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The daily consumption of caffeine in Europe is
in the range of 280-490 mg [5]. Caffeine is quickly
and almost completely (99%) absorbed after oral
administration. Its maximum blood concentration is
observed after 50 to 75 min. Its pharmacokinetics
after intravenous administration is comparable to
that after oral administration [6]. Between 25-40%
of the drug is bound with plasma protein, and its
distribution volume is 0.52-1.05 I/kg. The
compound readily passes through the placenta
barrier, the blood-brain barrier, and into the milk of
breast-feeding mothers [7].

Caffeine is considered to be the most frequently
used psychoactive substance. According to the
American Psychiatric  Association (APA), a
substance is regarded as having an addictive effect
if at least three of the seven proposed criteria are
satisfied. Caffeine satisfies four of the seven
criteria: tolerance to the effect of the compound is
observed, withdrawal symptoms are shown,
patients have problems in reducing its consumption,
and the substance is used even though it is known
to have undesirable effects and being harmful to the
body [8].

Table 1. Composition of test preparations with caffeine.

MATERIALS AND METHODS
Test material

The test material included dietary supplements
and drugs with caffeine, available in Poland. Their
compositions and forms are shown in Table 1.

Reagents

- methanol for HPLC (from Merck)
- caffeine (from Sigma-Aldrich)
- water for HPLC (from J. T. Baker)

Equipment

The analyses were performed using the
following equipment:

- Liquid chromatograph HP 1050 from Hewlett
Packard, with UV detector;

- Paddle apparatus for analysis of active
substance release from solid drug forms, set up as
described in the Polish Pharmacopoeia IX -
Apparatus 2.

Chromatographic conditions

- analytical wave length: 280 nm.

- stationary phase — Waters Symmetry column
C-18, 5 um (4.6 x 250 mm).

- mobile phase — methanol : water 40:60.

Preparation

Composition, as declared by manufacturer

Form of
preparation

Dietary supplements
Guarana seed extract

Diabolo Guarana

380 mg (45 mg caffeine)
Guarana seed extract
232 mg (min. 51 mg caffeine)
Guarana seed extract

Magne — B6 Active

capsules

coated tablets

Drive Max 10% (30 mg caffeine) capsules
Guaranax Guarana extract capsules
400 mg (20% caffeine)
Guarana Guarana seed extract capsules
(min. 27 mg caffeine)
Guarana Guarana tablets
800 mg, (10.5 mg caffeine)
Guarana Caps Guarana extract capsules
450 mg (100 mg caffeine)
Drugs
Acetylsalicylic acid 300 mg
Etopiryna Etenzamid 100 mg tablets
Caffeine 50 mg
Coffepirine Acetylsalicylic acid 450 mg tablets

Panadol Extra

Caffeine 50 mg
Paracetamol 500 mg

coated tablets

Caffeine 65 mg

Apap Extra

Paracetamol (500mg), Caffeine (65mg)

coated tablets
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Table 2. Statistical parameters for the calibration curve y = ax + b.

Statistical parameters

Peak height curve

Peak area curve

a (gradient)
b (abscissa)
R
RZ
S
av. Y
RSD [%]

1.8589 0.5561
0.3023 -0.6191
0.9989 0.9991
0.9978 0.9983
1.8120 0.4721
99.26 28.98
1.8 1.6

R — regression coefficient; S — deviation of curve; RSD - relative standard deviation

Preparation of calibration curve for caffeine
solutions

The calibration curve for caffeine was prepared
by consecutive dilutions using a stock solution of
concentration of 1 mg/ml. Solutions with
concentrations of 5, 10, 25, 50, 100, 200 pg/ml
were prepared using the mobile phase. Three
injections were made for the standard solution. The
calibration curve is shown in Fig. 4 and its
parameters are shown in Table 2.

E y = 1,8580% + 0,3023

350 R? =0,9978 P

# Peak height ,
Peak area o~

250 -
200

¥ =0,5561x- 0,6191
150 RY = 0,0983
100 g ___—

50 P

1] 50 100 150 200

Caffeine concentration [pg/mil]

Fig. 4. Calibration curves for caffeine
Preparation of the pharmaceuticals to testing

The selected pharmaceutical preparations with
caffeine were in the form of tablets or capsules. The
tablets were dissolved in 50 ml measuring flasks
filled with a 40% methanolic solution. The content
of the capsules was quantitatively transferred into
50 ml measuring flasks and then dissolved in a 40%
methanolic solution.

Determination of caffeine release profiles for
selected preparations

The rate of release of caffeine from the selected
preparations was found by the method described in
the Polish Pharmacopoeia IX. The rate of release of
a medicinal substance, also termed pharmaceutical
availability, was found for in vitro conditions, using
a paddle apparatus.

The samples, drawn from the apparatus, were
analyzed by HPLC.

Test conditions for determination of the rate of
caffeine release

The test apparatus was a 1000 ml thermostated
three-necked flask. A hydrochloric acid solution
(pH = 2) was used as the acceptor fluid. The
volume of the acceptor fluid was 500 ml. The
material in the flask was continuously stirred during
the test using a mechanical paddle stirrer. The
acceptor fluid was maintained at a constant
temperature of 37.0+0.5°C.

The test procedure and drawing samples for
analysis

The volume and the temperature of the acceptor
fluid were controlled before starting the test. As
soon as the temperature was stable at 37.0+0.5°C, a
single form of the selected preparation was
introduced, while commencing time measurement.
Samples (1ml) of the acceptor fluid were drawn
using an automatic pipette at specified intervals,
selected depending on the drug form. Every time
after drawing a sample, the volume of the acceptor
fluid was supplemented by adding 1ml of the
hydrochloric acid solution at pH=2. The fluid
volume drawn for testing was transferred to
Eppendorf test tubes. The samples for testing were
drawn until the results of chromatographic analysis
indicated no increment in the caffeine contents in
three consecutive portions of the test solution.
Three independent release rate tests were
performed for each test preparation.

METHOD VALIDATION
Precision

The precision of the method was assessed with
repeatability and intermediate precision (intra-day
and inter-day).

The repeatability of the method to assay caffeine
was found by injecting a 10 pg/ml caffeine standard
solution in the chromatographic column 10 times.
From the obtained analyte retention times, the mean
value of retention was found to be 4.653+0.008
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min. The resulting peaks were characterized by
symmetry, good repeatability and very good
precision, as indicated by their low RSD of 0.178%.

The resulting peak areas were used to determine
their corresponding concentrations. The results, as
well as the values of standard deviations and RSD,
are shown in Table 3.

Intra-day precision was determined by injecting
three different concentrations (10, 25 and 50 pg/ml)
for six times on the same day. Peak areas were
measured; their corresponding analyte
concentrations, standard deviations and % RSD’s
were calculated.

Inter-day precision was determined by injecting
three different concentrations (10, 25 and 50 pg/ml)
six times for three days in a week. Peak areas were
measured; their corresponding analyte
concentrations, standard deviations and % RSD’s
were calculated.

The interday and intraday precisions of caffeine
are presented in Table 4. The low % RSD values of
repeatability (0.189%), intra-day (0.21% - 0.27% )
and inter-day (0.21% — 0.39% ) variations indicate
that the precision of the proposed method is good.

Limit of detection and limit of quantification

The limit of detection (LOD) under the present
chromatographic conditions is defined by the
concentration of analyte giving a signal to noise
ratio of 3:1. The limit of quantification (LOQ) is
defined as the lowest value of the analyte
concentration that is determinable with the
appropriate precision and accuracy. From 6 parallel
results, obtained for the respective concentrations
of the standard solution, the values of the relative
standard deviation were calculated and the value of
RSD vs. caffeine concentration was used for
finding LOQ for RSD = 10%.

For the test caffeine: LOD = 3 pg/ml and LOQ =
9 pg/ml.

Accuracy

Accuracy was found by determining the amount
of the caffeine standard added to the previously
analyzed product. The analyte standard was added

Table 3. Results of repeatability (n=10).

at three different concentrations (50, 100 and
150%) of caffeine in the preparations. The analysis
was carried out three times for the selected products
having different declared concentrations of caffeine
(Table 5).

For the test preparations, mean recovery for
three different analyzed amounts of the standard
added was in the range from 100.04 to 100.41%.

RESULTS AND DISCUSSION
Assay of caffeine in the selected preparations

The test samples were analyzed by HPLC to
find the actual content of caffeine in the test
preparations. The results are shown in Table 6.

Analysis of test samples and obtaining of release
profiles

The test samples were analyzed one by one,
using HPLC. Increments in the caffeine peak
heights were referred to the time after which a
sample was collected. The percentages of caffeine
release from the respective preparations were
calculated from the peak heights, using values for
standard solutions of caffeine. Using the above
information, the caffeine release profiles were
plotted for the test preparations (Fig. 5A-H).

Release profiles, showing the percentage release
of an active substance from a given drug form vs.
time, are an important source of information about
the properties of pharmaceutical preparations and
their quality. The pharmaceutical availability tests
of the selected preparations with caffeine,
performed by the present authors, were intended to
verify the theory that the release of caffeine from
drugs containing guarana extract was extended in
time. In the literature, the phenomenon is accounted
for by the gradual decomposition of guaranine
complexes in the presence of gastric juice.
Information on the mild, long-lasting effect of
caffeine originating from guarana seeds is
habitually provided in leaflets for drugs having a
stimulating effect.

Retention time
(min)

Assay of caffeine
(ng/ml)

4.655; 4.649; 4.666; 4.649; 4.659;
4.667; 4.646; 4.651; 4.648; 4.643

Mean 4.653
SD 0.008
RSD 0.178
[%]

10.02; 9.98; 10.01; 10.03; 10.04;
9.99; 10.02; 10.03; 10.03; 10.02
10.02
0.02
0.189

n — number of repetitions, SD — standard deviation, RSD - relative standard deviation
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Table 4. Intermediate precision (n=6).

M. Szymanski et al.: Caffeine release from selected pharmaceutical preparations

Soco
§ E %ﬂ Precision
§ g3 Intra-day Inter-day
56
O
10.02; 10.00; 10.05; 10.01; Day 1. 10.02; 10.00; 10.05;
10.00; 10.04 10.01; 10.00; 10.04
Mean 10.02 10.02
S.D. 0.02 0.02
RSD 0.21 0.21
Day 2. 10.02; 9.99; 10.04;
9.98; 10.03; 10.04
10 Mean 10.02
S.D. 0.03
RSD 0.26
Day 3. 10.04; 10.01; 10.05;
9.97; 10.04; 10.03
Mean 10.02
S.D. 0.03
RSD 0.29
25.09; 25.10; 24.95; 24.96; Day 1. 25.09; 25.10; 24.95;
25.05; 25.06 24.96; 25.05; 25.06
Mean 25.04 25.04
S.D. 0.06 0.06
RSD 0.26 0.26
Day 2. 25.12; 24.91; 24.97;
25.06; 25.07; 25.12
25 Mean 25.04
S.D. 0.08
RSD 0.34
Day 3. 25.16; 24.90; 24.99;
25.12; 25.09; 25.12
Mean 26.06
S.D. 0.10
RSD 0.39
50.22; 49.90; 50.14; 49.92; Day 1. 50.22; 49.90; 50.14;
50.05; 50.18 49.92; 50.05; 50.18
Mean 50.07 50.07
S.D. 0.14 0.14
RSD 0.27 0.27
Day 2.50.21; 50.00; 49.85;
50.18; 50.10; 50.20
50 Mean 50.09
S.D. 0.14
RSD 0.28
Day 3. 50.25; 50.12; 49.90;
49.92; 50.05; 50.22
Mean 50.08
S.D. 0.15
RSD 0.29
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Table 5. Results of recovery study (n=3).

Amount Amount Recovery% Mean recovery%
Drug name added recovered +SD +SD
mg/tablet mg/tablet
32 32.3 100.94 + 0.03
Apap Extra 65 65.4 100.62 + 0.02 100.35+£0.77
97 96.5 99.48 £ 0.03
25 25.1 100.40 £ 0.04
Coffepirine 50 50.2 100.40 £ 0.05 100.04 £ 0.62
75 74.5 99.33 £ 0.04
50 50.3 100.60 £ 0.05
Guarana Caps 100 100.5 100.50 + 0.06 100.41 £ 0.25
150 150.2 100.13 £ 0.07
5 4.95 99.00 £ 0.05
Guarana 10 10.25 102.5 £ 0.06 100.28 +£1.93
15 14.90 99.33 + 0.05
Table 6. Content of caffeine in the selected preparations.
Preparation Declar_ed content Assay of caffeine sD
of caffeine [mg] [mg]
Diabolo Guarana 45 64.1 6.9
Magne — B6 Active min. 51 92.2 1.8
Drive Max 30 39.3 1.6
Guaranax 80 107 5
Guarana min. 27 54.7 5.2
Guarana 10.5 11.0 0.7
Guarana Caps 100 105 5
Etopiryna 50 51.4 3.0
Coffepirine 50 50.6 25
Panadol Extra 65 64.4 3.1
Apap Extra 65 65.7 2.5

For drugs with a non-modified release, the
duration of pharmaceutical availability tests is
preferably 30, 45 or 60 minutes. After that time, a
minimum of 80% of their active substance will
have been released [9].

In the case of dietary supplements with caffeine
originating from guarana, the drug forms are not
ones with modified release. The process may be
extended because the caffeine-tannins complex is
decomposed. Moreover, differences in the active
substance release for different forms of
pharmaceutical preparations must be taken into
account. The test preparations in question were in
the form of tablets and capsules.

The pharmaceutical availability tests indicate
that the release of caffeine from the preparations
was as follows: Apap Extra 97.2+2.4% (release
time 25.0£0.0 min); Guaranax 66.8£1.3%
(101.7£1.3 min); Guarana (Herbapol) 94.1+1.1%
(20.0£0.0 min); Guarana (Walmark) 99.9+5.0%
(release time 20.0£0.0 min), Panadol 86.9+0.2%
(20.0£0.0 min), Diabolo Guarana 73.5+5.0%
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(release time 38.3+2.9 min), Magne B-6 Active
55.4+13.6% (43.3£5.8 min), Drive Max 88.2+1.6%
(23.3%£2.9 min). For Guarana Caps, pharmaceutical
availability was not determined because the dietary
supplement failed to decompose in the acceptor
fluid (HCI, pH=2).

The test results did not indicate the presence of a
caffeine-tannins  complex in  the dietary
supplements containing a guarana seed extract, or
any extended or retarded release of caffeine from
preparations with a guarana seed extract, which
might otherwise be indicative of a gradual release
of caffeine from the complex. Differences in the
caffeine release profiles for the test preparations are
attributable to the properties of the respective drug
forms, such as the presence of a coating or gelatin
capsule. A research model for in vitro conditions
does not encompass all the processes taking place
in the living body. Therefore, the potential effect of
other chemical compounds existing in the guarana
seeds on the absorption processes taking place in
vivo should be considered.
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5A-H. Caffeine release profiles for the test preparations.
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CONCLUSIONS

The HPLC method for determination of caffeine
is characterized by wvery good precision and
accuracy, as well as very good repeatability. The
limits of detection and quantification are 3 and 9
pg/ml, respectively.

The pharmaceutical availability test results
indicated that caffeine release from the test
preparations was from 99.9+5.0% for Guarana
(Walmark) (release time 20.0+0.0 min) to
55.4+13.6% for Magne B-6 Active (43.3+£5.8 min).
For Guarana Caps, pharmaceutical availability was
not determined because it failed to decompose in
the acceptor fluid (HCI, pH=2).

Findings for the test dietary supplements with a
guarana seed extract do not indicate the presence of
a caffeine-tannins complex, or any extended or
retarded release of caffeine from such preparations,
which might otherwise be indicative of the gradual
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release of caffeine from the complex.

OCBOBOXJIABAHE HA KO®EHWH OT U3bPAHU ®APMAILIEBTUYHMU ITPEITAPATHU
M. llumancku®”, E.B. Banamuak?, P. Cusex', M. ®pankoscka?, A. [llumancku?

Y Henapmamenm no gapmaroenosus, Meouyuncxu ynusecpumem 6 Iosuan, 60-781 Iosuan, Honwa
2 Xumuuecku gpaxyrmem, Faculty of Chemistry, Adam Mickiewicz University, Umultowska 89b, 61-614 Poznan, Poland

Iocrenmna Ha 8 oxromspy, 2015 r.; npuera Ha 5 okTomBpH, 2016 T.
(Pe3rome)

Pedepentaute nexkapcTBa Ha MOJNCKHA Ma3ap ca 00EKT Ha Ka4eCTBEH M KOJNMYESCTBEH aHAIN3, KAKTO M HA aHAIU3 T10
OTHOIIICHHE OTIESHETO Ha KOQerH. 3a Te3H aHAIM3H ca U3I0JI3Ba BUCOKOS(PEKTUBHA TeUHA XpoMaTorpadusl.

OmnpenensiHeTo Ha (apMaleBTHYHATa JOCTBHITHOCT Ha KO(enHa 1oKa3Ba CJICJIHUTE CTOMHOCTH Ha 0CBOOOXKJaBaHe 3a
pasnuunuTe mpemnapatu: Apap Extra 97.2+2.4%; Guaranax 66.8+1.3%; Guarana (Herbapol) 94.1+1.1%; Guarana
(Walmark) 99.9+5.0%, Panadol 86.9+0.2%, Diabolo Guarana 73.5+5.0%, Magne B-6 Active 55.4+13.6%, Drive Max
88.2+1.6%. For Guarana Caps ¢apmanieBTHuHaTa JOCTHITHOCT HE € ONpeJielieHa opaau (akra, 4e CyOcTaHIusTa HE ce
ocBoboskaBa ot Karcyiute B mpuemuuns diayun (HCI, pH=2).

Pesynrature OT aHanmM3WTE Ha TE3W XPAHHUTETHHM J00aBKM 3a KO(DEMHOBOTO WM ChIbp)KaHHWE MOTBBPIKAABAT
HPEIUIIHA ChOOIIEHUS 32 pasIMYMsl MEXITy peallHaTa KOHIIEHTpaLHs Ha aJileHa akTHBHA CYOCTAaHLUS U JeKIapupaHaTa
CTOWHOCT. AHAJIM3HUTE Ha KOQEHHOBHUTE MPO(UIN Ha 0CBOOOXKIaBaHE ITOKA3BaT 3HAUYUTEIHH PasiiMyusl. AHAIU3HUTE HE
MOKa3BaT HaJIW4YMe Ha KOPEHH-TAHWHOB KOMIUIeKc. He ce HabmiomaBa yCKOpPEHO WM 3a0aBEHO OCBOOOJKAaBaHE OT
npenapara, ChIbpXKall EKCTPAaKT OT CeMeHa Ha guarana, KoeTo MOXe Ja € MOKa3aTeJHO 3a IOCTENEeHHOTO
0cBOOOXK/aBaHE OT TaKbB KOMIUIGKC. Pasnmkure B mHpodminTe Ha OCBOOOXIJaBaHE Ha KO(pEHHA OT TECTOBUTE
npernapary ca IoKa3aTelIHi 3a CBOiicTBaTa Ha JiekapcTBeHUTe (GopMu, kKaTo (GuiM-TabneTkn uiaM Kancyinu. TecroBure
pe3yNiTaTh He ca IOKa3aTelIHM 3a HAJMYUETO Ha KO(EHH-TAHMHOBHM KOMIUIEKCH, KOMTO HWHAa4ye MOrar Ja NPUYUHST
MOCTENIEHHOTO 0CBOOOX/1aBaHe Ha KOo(eHHa.

346



