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Bee pollen has an outer wall which is resistant to both acidic and basic solutions and even the diges-
tive enzymes in the gastrointestinal tract. Therefore, the oral bioavailability of bee pollen is only
10-15%. A previous study reported on wet-grinding technology which increased the extraction of ac-
tive ingredients from bee pollen by 11 times. This study was designed to investigate the safety of wet-
ground bee pollen. First, a single dose of wet-ground bee pollen was tested in both rats and beagle
dogs at dosages of 5, 10, and 20 g/kg and 1.5, 3, and 6 g/kg, respectively. In rats, compound-colored
stools were found in those administered 10 g/kg or more of wet-ground bee pollen. In beagle dogs,
6 g/kg of wet-ground bee pollen induced diarrhea in one male for four hours. However, no obvious
clinical signs were found through the end of the experiment in rats and beagle dogs. In addition, no
histological abnormality was found in all animals. The data indicates that a single dose of up to 20
g/kg of wet-ground bee pollen is safe. Next, the genetic toxicity of nano-sized bee pollen was tested.
This study employed a bacterial reverse mutation test, a micronucleus assay, and a chromosomal aber-
ration assay. In the micronucleus assay, there was no genetic toxicity up to the dosage of 2 g/kg.
There was also no genetic toxicity in the bacterial reverse mutation test and chromosomal aberration
assay. This data provides important information in developing nano-sized bee pollen into more ad-

vanced functional foods and herbal medicines.
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Table 1. Clinical signs following nano-sized bee pollen administration in rats

Clinical signs

Groups (mg/kg)

Day Signs
G1 (0) G2 (5,000 G3 (10,000) G4 (20,000)

Male
1 Normal 5/5 5/5 0/5 0/5
Compound-colored stool 0/5 0/5 5/5 5/5
2-14 Normal 5/5 5/5 5/5 5/5
15 Normal 5/5 5/5 5/5 5/5
Terminal sacrifice 5/5 5/5 5/5 5/5

Female
1 Normal 5/5 5/5 0/5 0/5
Compound-colored stool 0/5 0/5 5/5 5/5
2-14 Normal 5/5 5/5 5/5 5/5
15 Normal 5/5 5/5 5/5 5/5
Terminal sacrifice 5/5 5/5 5/5 5/5

The day of administration was designated Day 1.

Number of animals with the sign / Number of animals examined.
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Table. 2. Clinical sings following nano-sized bee pollen administration in beagle dogs
Clinical signs [1%]
Group (mg/kg) Animal 1D Signs Observed on
Male
1 Normal Day 1 (0.5-6 hrs), 2-7
G1 (1,500) 2 Normal Day 1 (0.5-6 hrs), 2-7
Female
3 Normal Day 1 (0.5-6 hrs), 2-7
G1 (1,500) 4 Normal Day 1 (0.5-6 hrs), 2-7
Days are those from the 1 * dosed Day (Day 1).
Clinical signs [2"]
Group (mg/kg) Animal 1D Signs Observed on
Male
1 Normal Day 1 (0.5-6 hrs), 2-7
GL (3000 2 Normal Day 1 (0.5-6 hrs), 2-7
Female
3 Normal Day 1 (0.5-6 hrs), 2, 4-7
Remaining of food Day 3
G1 (3,000)
1 Normal Day 1 (0.5-6 hrs), 2-6
Remaining of food Day 7
Days are those from the 2™ dosed Day (Day 1).
Clinical signs [3"]
Group (mg/kg) Animal 1D Signs Observed on
Male
1 Normal Day 1 (0.5-6hrs), 2-15
Terminal sacrifice Day 15
G1 (6,000 Normal Day (0.5-3, 5-6 hrs), 2-15
2 Diarrhea Dayl (4hr)
Terminal sacrifice Day15
Female
Normal Day 1 (0.5-6 hrs), 2-12
‘3 Remaining of food Day 13-15
Terminal sacrifice Day 15
G1 (6,000)
Normal Day 1 (0.5-6 hrs), 2-12
4 Remaining of food Day 13-15
Terminal sacrifice Day 15

Days are those from the 3" dosed Day (Day 1).
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Fig. 1. Body weight change in rats. Nano-sized bee pollen was administered at Day 1 and body weight was monitored for 14

days in male (A) and female B). Data were represented as mean + SEM (n=5). *
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Table 3. Body weight change in beagle dogs

Body weights (kg) [1%]

Group (mg/kg) Animal 1D Day 1 Day 4 Day 7 Gain
Male

1 8.58 8.78 8.78 0.20

G (1,500) 2 8.38 8.52 8.54 0.16
Female

3 7.56 7.78 7.92 0.36

G (1,500) 4 7.88 8.18 8.32 0.44

Body weights (kg) [2"]

Group (mg/kg) Animal ID Day 1 Day 4 Day 7 Gain
Male

1 8.86 8.86 8.88 0.02

G1 (3,000 2 8.58 8.56 8.74 0.16
Female

3 7.86 8.10 8.16 0.30

G1 (3,000 4 8.06 8.40 8.36 0.30

Body weights (kg) [3"]

Group (mg/kg) Animal ID Day 1 Day 2 Day 3 Day 4 Day 5 Gain
Male

1 8.88 9.08 8.92 9.14 9.10 022

G (6000) 2 8.62 8.68 8.76 8.98 8.90 0.28
Female

3 8.16 8.28 822 872 8.88 0.72

GL (6000) 4 8.30 8.56 8.52 8.72 8.46 0.16

The day of each administration was designated as Day 1.
Gain is body weight on Day 7 - body weight on 1% and 2™ dosed Day or body weight on Day 15 - body weight on 3" dosed Day.

Table 4. Necropsy findings in rats

Necropsy findings

Groups (mg/kg)

Organs Findings
Gl (0) G2 (5,000) G3 (10,000) G4 (20,000)
Male
No gross findings 5 5 5 5
N 5 5 5 5
Females
No gross findings 5 5 5 5
N 5 5 5
Y o] H 7= (Federal Board of Health)oll A= ¥ g&-& 34 d g FEES Xste g Yd AlEFSo| o|v] duE
Hoz oorEow AAAe FHANE g AWAA  on FopAolE MEE YR AcolAE AR Az
AHgol FAEHIL YUTH16, 20]. PlF A E 1994d 9 AFE S FHEZE &8 AT AT
217471521 %9 (Dietary Supplement Health and Education o] Bop & ¥ FF2 A2 7Y EHEN FHL
Actjel ¥ 3Ho] D71 24 E (Dietary supplement)© 2 4 Beld, B0z q¢ 44 92 Tese) U AT
oj5ol glohul ool et WF fHe BE A AAHOR A AF Avol m2w ¥ HEe 95 toly 4B,



Table 5. Necropsy findings in beagle dogs
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Necropsy findings

G1 (1,500—3,000—6,000 mg/kg)

Animal ID Fate Location Findings
Male
1 Terminal sacrifice No gross findings
2 Terminal sacrifice No gross findings
Female
3 Terminal sacrifice No gross findings
4 Terminal sacrifice No gross findings
Table 6. Results of micronucleus assay
Bee pollen (mg/k:
Test substance Water P (mg/ke) MMC
500 1,000 2,000
PCE/(PCE+NCE) 0.486 + 0.008 0.513" £ 0.014 0.494 +0.012 0.502 +0.019 0.514" £ 0.022
MNPCE/4,000PCE 14+0.89 1.0+£0.71 0.6 £0.55 12045 66.4* +5.18
PCE: Polychromatic erythrocyte
NCE: Normochromatic erythrocyte
MNPCE: Micronucleated polychromatic erythrocyte
MMC: Mitomycin C
*: Significantly different from negative control by Fisher’s exact test (p<0.05)
#: Significantly different from negative control by Duncan multiple range test (p<0.05)
A Bee pollen, S9- B Bee pollen, S9+
o W — e A i o
2 ‘&i e {J o 2oo~i g e .
3 ", = ©
- Q
5 - | = =
% z; 11 ‘\_}_____{: 0
g 0 ~-TA98 = ~-TA98
3 LFTA100 g CFTA100
S —A-TA1535 o 100 —-A-TA1535
£ = TA1537 g gt
s S0 -#-WP2uvrA > -#-WP2uvrA
2 (PKM101) 2 (PKM101)
@ & 4 —— — o *— 3 + -
0 , = c! = -~
0 625 1250 0 625 1250

Dose (ug/plate)

Dose (ug/plate)

Fig. 2. Reversion by nano-sized bee pollen. Dose-response curve of revertant colony numbers of differential bacterial strains in
the absence (A) or in the presence of metabolic activation system (B). As positive controls SA for TA100, TA1535 strains
in S9 mix-negative condition, 2-NF for TA98 strain in S9-negative condition, 2-AA for TA98, TA1535, TA1537, and WP2uvrA
strains in S9-positive condition, B[a]P for TA100 strain in S9-positive condition, 9-AA for TA1537 strain in S9-negative con-
dition, and AF-2 for WP2uvrA strain in S9-negative condition were used. In case of positive control, the numbers of revertant
colonies in the absence of metabolic activation were 180£8, 507+16, 560162, 242+34 and 994154 for TA98, TA100, TA1535,
TA1537 and WP2uvrA, respectively, and the numbers of revertant colonies in the presence of metabolic activation were
13248, 65251, 111410, 116417, and 1,110+31 for TA98, TA100, TA1535, TA1537 and WP2uvrA, respectively. Data were repre-

sented as mean + S.D. (n=3).
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Table 7. Result of chromosomal aberration assay

Structural aberrations

Numerical aberrations

Test article S9 mix Dose No. of cell Gap(-) Gap(*) Total Aberration Total
(ng/mi) analyzed aberration aberration normal normal
cell(%) dell(%) cell cell(®) cell
Dimethyl
Sulfoxige 0 300 0.0 0.0 300 2.0 294
+ 1.95 300 0.0 0.7 298 2.0 294
Bee pollen 6 hr 3.91 300 0.0 0.0 300 0.7 298
7.81 300 0.3 0.3 299 1.7 295
Bla]P 20 300 16.7% 173 248 10 297
SD;II?E:(E 0 300 03 03 299 2.0 294
- 1.95 300 0.0 0.3 299 1.7 295
Bee pollen 6 hr 391 300 0.3 0.3 299 2.0 294
7.81 300 0.0 0.0 300 1.0 297
MCC 0.1 300 16.7% 16.7 250 03 299
Dimethyl
Sulfoxige 0 300 0.3 0.3 299 0.3 299
- 1.95 300 0.0 0.0 300 1.0 297
Bee pollen 24 hr 391 300 0.0 0.0 300 0.7 298
7.81 300 0.0 0.0 300 13 296
MMC 0.1 300 14.3* 15.0 255 0.0 300

B[a]P: Benzo[a]pyrene
MMC: Mitomycin C
*: p<0.05, significant differences between control and treatment group by Fisher’s exact
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