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ABSTRACT

Temperate propolis is collected by bees from the sticky secretions produced by the buds of poplar species.
It is used to coat and seal the hive thus protecting against infections. Extensive research indicates that
propolis has strong anti-protozoal activity. There have been some large clinical trials testing propolis against
a variety of conditions but despite there is no information on whether or not the active components in
propolis are absorbed by humans. In order to answer this question, a small study was carried out in order to
determine whether or not propolis components could be detected in the urine of 5 human subjects taking a
small dose of propolis tincture. In two of the subjects, levels of several of the flavonoids present in the
propolis tincture many times above the baseline levels were detected following hydrolysis of the urine
samples with a glucuronidase/sulfatase. Analysis of urine samples prior to hydrolysis indicated the presence
of glucuronides and sulfates of the main flavonoids in propolis. Flavonoid absorption occurred to some
degree in all subjects, apparent lower levels of flavonoid absorption in 3 out of five subjects might indicate
genuine differences in level of absorption between subjects.

© 2020 David G. Watson. Hosting by Science Repository.

Introduction

Propolis is a resinous substance collected by bees, generally from plant
buds. Its composition varies widely according to the vegetation
surrounding the beehive [1]. It is collected on the hindlegs of the bee and
is removed with the help of other bees upon return to the hive and layered
onto surfaces and used to fill any gaps within the hive, helping to
maintain a sterile environment within the hive. In Northern Europe and
other temperate regions such as Northern China and North America
propolis is generally collected from the buds of poplar species, whereas
in Southern Europe the predominant sources are various Cypress species
and in tropical regions several different plant sources may be utilized [1].
Propolis is widely available as a food supplement and a wide range of
biological properties have been attributed to it including
immunomodulatory, anti-diabetic, anti-microbial and anti-cancer
activity [1, 2]. In temperate propolis, which is largely collected from
poplar species, and provides the basis for most of the commercially
available propolis preparations, the major components are flavonoids

and metabolites of caffeic acid [1, 3, 4]. In addition, temperate propolis
has potentially important biological activity in having strong activity
against protozoa, particularly Leishmania [5-9]. All in vitro evidence so
far points towards this activity being due to flavonoids. Given the low
toxicity of propolis, high doses of propolis preparations could be given
and it might prove to be an effective treatment, particularly for
Leishmaniasis which is still widespread in some areas of the World and
is currently treated by chemotherapy with high levels of toxicity to the
host [10].

The have been quite a number of large-scale trials on patients using
propolis to treat various conditions with few adverse events being
reported [11-21]. Some previous studies using propolis in a clinical
setting are summarized below. One concern is potential allergic
reactions; however, reports of allergic reactions are rare. A survey of
Polish beekeepers and their families, taking propolis, reported allergy to
propolis in 14 out of 2205 people surveyed [22]. Thus, the toxicity of
propolis appears to be low. Most of these trials are summarized below:
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The effect of propolis on insulin resistance and lipid profile was
assessed. 50 patients in the treated group were give 1000 mg of propolis
daily for 90 days. No adverse events were reported for the treatment
group [11]. The efficacy of propolis in treating respiratory infection in
children was tested. A preparation containing propolis at was
administered at up to a dosage of 550 mg up to 4 times daily to children
aged 4-5 years over 5 months. 328 children completed the study with 99
dropping out, the most common reason for withdrawal was the
unpleasant taste of the preparation. No adverse events were reported
[12]. Propolis/zinc suspension was tested for the prevention of acute
otitis with propolis at a level of 100 mg/kg per day in children mean aged
>30 months. The trial was carried out on 115 children and continued for
a month. Two adverse events were reported in the treated group [13].

The efficacy of propolis in the treatment of type |1 diabetes was assessed.
31 patients in the treatment group took 900 mg of propolis daily for 18
weeks. 25 completed in trial with four withdrawing because of allergic
reaction [14]. Propolis was assessed as a treatment for infertility
associated with mild endometriosis; 20 patients in the treatment group
took 1000 mg of propolis daily for 9 months. No adverse events were
recorded [15]. The effectiveness of propolis as prophylactic immune-
stimulating agent was assessed in 10 healthy subjects who received 500
mg of propolis per day over 13 days. No side effects were reported [16].

Propolis was tested for reducing oxidative stress in smokers. 29 smokers
received 800 mg of propolis per day for 4 weeks [17]. No adverse events
were reported. In a trial testing the efficacy of propolis in treating type
Il diabetes, 31 patients in the treatment group were given 1500 mg of
propolis per day for 8 weeks. 30 out of 31 patients completed the study
with one being excluded due to changes in their antidiabetic medicine
[18]. Propolis was tested as a potential treatment of ulcerative oral lichen
planus. 27 patients were given 500 mg of propolis daily over 30 days.
During the course of the study two patients were withdrawn from the
study [19]. In an experimental treatment of uterine myoma 500 mg of
propolis was given three times daily to 20 patients over 12 weeks. No
adverse events were reported [20]. In a study of the treatment of
dysmenorrhea 500 mg of propolis per day was given to 86 subjects over
two months, no adverse events were reported [21].

It is clear from these relatively large trials that propolis is well tolerated
in human subjects, but the question remains as to whether or not the
major components in propolis are absorbed. Given the low toxicity of
propolis, high doses of propolis preparations could be given and it might
prove to be an effective treatment, particularly for Leishmaniasis. The
collection of propolis bees with anti-protozoal activity increasingly
appears to be deliberate. The Scottish honeybee microbiome contains
high levels of genetic material derived from the trypanosomatid
Lotmaria passim and this organism has been found to be widespread in
other bee populations [23-26]. The spread of the protozoal infection in
bees may occur via faeces and coating the surfaces in the hive with
propolis that is active against trypanosomatids could prevent
transmission [27]. Recently it has been found that feeding propolis to
bees reduces Nosema ceranae infection [28].

Thus, the following paper proposes to answer the question, in a

qualitative manner, with regard to whether or not the major components
of propolis are absorbed from an oral dose and to also determine the
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nature of any metabolites produced. Propolis, whatever its origin, always
exhibits high levels of anti-protozoal activity. The highest activity is
generally associated with flavonoids.

Materials and Methods
| Chemicals

HPLC grade acetonitrile, formic acid and water were obtained from
Fisher Scientific (Leicestershire UK), Helix pomatia sulfatase-
glucuronidase type H2 was obtained from Sigma Aldrich (Dorset, UK).
The flavonoid standards were obtained from obtained from Sigma
Aldrich (Dorset, UK).

11 Samples

The small trial was approved by the University of Strathclyde ethics
committee (UEC19/49: Watson: Determination of the urinary
metabolites of propolis). The propolis sample used was a 50% solution
of propolis in glycerol from Y.S. Eco Bee Farms (Sheridan, IL, USA).
Participants were instructed to take 15 drops of propolis tincture mixed
with a teaspoon full of honey in two doses (equivalent to ca 300 mg of
propolis per dose) and collect four samples of urine in accordance with
the diagram shown in (Figure 1). For analysis of flavonoid metabolites
0.5 ml of urine was mixed with 0.5 ml of acetonitrile, the sample was
centrifuged at 3000g and the supernatant was then injected into the LC-
MS. For analysis of the unconjugated flavonoids, 0.5 ml of urine was
mixed with 0.1 ml of 1 M sodium acetate buffer pH 5.0 and 20 pl of
Helix pomatia sulfatase-glucuronidase type H2 (Sigma Aldrich, Dorset,
UK) and incubated at 37°C for 1 h. The solution was then mixed with
0.6 ml of acetonitrile and the supernatant was then injected into the LC-
MS.

10.00 10.00
15 drops 15 drops
Into honey Into honey
1) L J
—
i = e = i
9.00 18.00 9.00 18.00
Day 1 Day 2

Figure 1: Protocol for dosing of the propolis extract.
111 LC-MS Analysis

LC-MS was carried out by using an Accela pump connected to an
Orbitrap Exactive mass spectrometer operated in positive/negative
switching mode. The sheath gas and auxiliary gas were set at 50 and 17
arbitrary units, respectively. The needle voltage was 4.5 kV in positive
mode and 4.0 kV in negative mode. The heated capillary temperature
was 320 °C. The HPLC was fitted with an ACE C18 column 150 x 4.6
mm, 3 UM particle size (Hichrom, Reading, UK). Solvent A was 0.1%
formic acid in water and solvent B was 0.1% formic acid in acetonitrile.

Volume 3(1): 2-6
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The flow rate was 0.3 ml/min and the solvent gradient was as follows: 0
min 10% B, 30 min 90 % 30 min 30% B, 31 min 10% B, 36min. The
files were processed by using m/z Mine 20.1 and then the extracted
masses were searched against an in-house database.

Results and Discussion

There was clear evidence of absorption of the major flavonoids in all of
the subjects although this appeared to be variable which is perhaps not
surprising since the protocol for dosage and collection were only loosely
controlled. Figure 2 shows galangin, methyl galangin and pinocembrin,
which are major components in propolis, in the propolis extract taken by
the subjects in comparison with galangin, methyl galangin and
pinocembrin in the urine sample 4 from subject 2 following hydrolysis.
Figure 3 shows the same compounds in sample 4 from subject 2 in
comparison with sample 1, the baseline sample, from subject 2. There is
no galangin, methyl galangin or pinocembrin detectable in the baseline
sample.
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Figure 2: Extracted ion traces for some flavonoids in hydrolysed urine
sample 4 from subject 2 in comparison with flavonoids in the propolis
tincture taken by the subjects.
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Figure 3: Extracted ion traces for some galangin (gal), methylgalangin
(methylgal) and pinocembrin (pinocemb) in hydrolysed urine sample 4
from subject 2 in comparison with the same flavonoids in the hydrolysed
baseline urine sample from subject 1.

Figure 4 shows extracted ion traces for chrysin in urine sample 4 from
subject 2 where two isomers are present at many times above baseline.
In addition, pinobanksin is present at many times the baseline level in
the sample as are two isomers of methyl pinobanksin. There is an isomer
of pinobanksin present in the sample at a retention time corresponding
to that of narigenin which is present in orange juice. In addition, there
appear to small amounts of two isomers of methyl galangin present in
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the baseline sample. The picture is similar if the sample 4 and the
baseline sample for subject 3 are examined (Figure S1). Comparing
sample 1 and sample 4 for subject 4 indicates clear absorption of the
three marker compounds, although less efficient absorption than for
subjects 2 and 3. Table 1 shows the retention times for some standards
for the compounds found in propolis. Table 2 summarizes the ratios for
the flavonoids which can be observed in the propolis extract in the three
post-dose samples in comparison to the baseline samples. The average
levels observed post-dose are many times those observed in the baseline
samples. However, there are wide variations in the levels obtained in
each of the five subjects (Figures S2-S4) but by taking the log,, values
for the peak areas the data skewing is reduced sufficiently to obtain
significant P values for most of the flavonoids.
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Figure 4: Extracted ion traces for chrysin (chrys), pinobansksin
(pinobank) methylpinobanksin (methylpinobank) in hydrolysed urine
sample 4 from subject 2 in comparison with the same flavonoids in the
hydrolysed baseline urine sample from subject 2.

Table 1: Retention times and masses for flavonoid standards run on an
ACE C18 column.

Compound Rt (min) m/z

Chrysin 26.2 253.0506
Pinocembrin 26.8 255.0663
Apigenin 20.4 269.0457
Galangin 27.1 269.0457
Narigenin 20.5 271.0614
Pinobanksin 21.2 271.0614

Prior to hydrolysis several glucuronides of the flavanones could be
observed in the urine samples. The intensity of the peaks was reduced in
comparison to the unconjugated flavanones since each flavanone
produced several glucuronide metabolites. Figure 5A shows the most
abundant glucuronide which is for pinocembrin in subject 2 sample 3,
(Figure 5B) shows that this peak is absent in the baseline sample for
subject 2 and (Figure 5C) shows an extracted ion trace for in source
neutral loss fragmentation generated from the glucuronides producing
ions corresponding to the MW of pinocembrin. At least 3 glucuronides
can be observed in addition to the peak at 18.9 min. Figure 6 shows a
similar trace for glucuronides of galangin where two major peaks are
observed. In addition, sulphates were formed, these were observed in
urine most clearly for pinocembrin (Figure 7). Despite propolis having
been widely used for many years as a treatment for a wide range of
conditions there is no information with regard to the absorption of the
major components in the mixture. The absorption of dietary flavonoids
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has been widely studied but as can be seen from the baseline profiles of
the urine samples in the current study there is no evidence for high

baseline levels of the flavonoids found in propolis and there is no prior
assessment of the absorption of this particular group of flavonoids [29].

Table 2: Ratios of flavonoid compounds present in urine at three time points in comparison with baseline levels and P values (n=5).

Compound Rt min P value S1S2 Ratio S2/S1 P value S1S3 | Ratio S3/S1 | P value S1S4 | Ratio S4/S1
Chrysin isomer 21.2 0.344 52 <0.001 452 0.001 >1000
Chrysin 26.3 0.017 296 0.016 >1000 <0.001 >1000
Pinocembrin 26.9 0.003 28 0.004 43 0.038 122
Pinocembrin isomer 13.6 0.273 28 0.002 43 0.141 122
Pinocembrin isomer 13.1 0.178 29 0.028 43 0.297 422
Pinocembrin isomer 17.8 0.981 4 0.008 15 0.125 20
Galangin 27.1 0.412 10 0.075 5 0.029 >1000
Pinobanksin 21.2 0.050 18 0.012 14 0.016 64
Pinobanksin isomer 15.3 0.147 111 0.76 12 0.042 197
Methylgalangin isomer 22.9 0.352 1 0.020 12 0.098 43
Methylgalangin isomer 18.6 0.374 0 <0.001 2 0.012 45
Methylgalangin isomer 26.4 0.135 5 0.027 5 0.040 19
Methylpinobanksin isomer 18.3 0.398 105 <0.001 5 0.009 18
9.6 E4 pinocembglucs. ‘;',‘ Subject 2 53 flavonoids was very variable between the five subjects in the study and
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é 32E5, | Subject 253 36E4 ,‘ Pinobanksin.sulfates
2 ¢ m/z 255.06-255.07 || __ v A [ Subject 253
pinocemb. | pinocemb. g A m/z 351.01-351.02
A . . Auriw
12 4 16 18 20 min «é B Subject 2 baseline
Figure 5: Extracted ion traces for A) pinocembrin glucuronides in urine i: ] m/z 351.01-351.02
sample 3 from subject 2 in comparison with B) the baseline sample for g 9.1 B4, C ', Pinobanksin
subject 2. C) Source fragments generated the mass of pinocembrin via a < Subject 253
m/z 271.061-271.062
neutral loss.
14 17 20 min.

, Gal. glucuronides

78E3]  syubject253 |
A 1l
I m/z 445.076-445.077
. ,
9.2 E3
3 B Subject 2 baseline
c [l
3 i m/z 445.076-445.077
L]
[} L A |
5 24E4 Gal.
2 C Subject25S3
2 m/z 269.045-269.046

13 16

19 min.

Figure 6: Extracted ion traces for A) galangin glucuronides in urine
sample 3 from subject 2 in comparison with B) the baseline sample for
subject 2. C) Source fragments generated the mass of galangin via a
neutral loss of glucuronide.

The major components in propolis are flavonoids and plus several esters
of these compounds, particularly esters of pinobanksin, and altogether
there are several hundred components in temperate propolis with around
20 components being abundant [1, 4]. As might be expected, since esters
are rapidly metabolized by the body, although peaks for several esters of
pinobanksin were observed in the propolis tincture itself these were not
observed in the urine samples probably due to their rapid conversion to
pinobanksin by esterases in the body. The extent of absorption of the
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Figure 7: Extracted ion traces for A) pinobanksin sulphates in a urine
sample 3 from subject 2 in comparison with B) the baseline sample for
subject 2. C) Source fragments generated the mass of pinobanksin via a
neutral loss of glucuronide.

Although the current study is somewhat limited in its scope it is now
possible to state that many of the major components of propolis can be
absorbed by the body and thus could exert a therapeutic effect. This is of
particular interest regarding the potential activity of propolis against
Leishmaniasis where recently we were able to associate strong activity
in vivo against Leishmania with several of the flavonoids in temperate
propolis [9]. The established low toxicity of propolis means that high
doses could be given in order to treat this infection. There is now clear
evidence that the major bioactive metabolites in temperate propolis can
be absorbed by the human body. This is information that was not
available previously and is an important observation for supporting the
medicinal claims made for propolis products.

Supplementary Materials

Figure S1 Extracted ion traces for some galangin (gal), methylgalangin
(methylgal) and pinocembrin (pinocemb) in hydrolysed urine sample 4
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from subject 3 in comparison with the same flavonoids in the hydrolysed
baseline urine sample from subject 3. Figure S2 Extracted ion traces for
some galangin (gal), methylgalangin (methylgal) and pinocembrin
(pinocemb) in hydrolysed urine sample 4 from subject 4 in comparison
with the same flavonoids in the hydrolysed baseline urine sample from
subject 4. Figure S3 Extracted ion traces for some galangin (gal),
methylgalangin (methylgal) and pinocembrin (pinocemb) in hydrolysed
urine sample 4 from subject 1 in comparison with the same flavonoids
in the hydrolysed baseline urine sample from subject 1. Figure S4
Extracted ion traces for some galangin (gal), methylgalangin (methylgal)
and pinocembrin (pinocemb) in hydrolysed urine sample 4 from subject
5 in comparison with the same flavonoids in the hydrolysed baseline
urine sample from subject 5.
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Figure S1: Extracted ion traces for some galangin (gal), methylgalangin
(methylgal) and pinocembrin (pinocemb) in hydrolysed urine sample 4
from subject 3 in comparison with the same flavonoids in the hydrolysed
baseline urine sample from subject 3.
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Figure S2: Extracted ion traces for some galangin (gal), methylgalangin
(methylgal) and pinocembrin (pinocemb) in hydrolysed urine sample 4
from subject 4 in comparison with the same flavonoids in the hydrolysed
baseline urine sample from subject 4.
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Figure S3: Extracted ion traces for some galangin (gal), methylgalangin
(methylgal) and pinocembrin (pinocemb) in hydrolysed urine sample 4
from subject 1 in comparison with the same flavonoids in the hydrolysed
baseline urine sample from subject 1.
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Figure S4: Extracted ion traces for some galangin (gal), methylgalangin
(methylgal) and pinocembrin (pinocemb) in hydrolysed urine sample 4
from subject 5 in comparison with the same flavonoids in the hydrolysed
baseline urine sample from subject 5.
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