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Abstract

Royal jelly is a secretion of the cephalic glands of nurse bees and it is the food of the larvae that will become queen
bees. We found that royal jelly at a dose of 300 or 600 mg/kg significantly reduced the tumor weight and metastasis to the
liver in mice implanted intrasplenically with highly metastatic Lewis lung carcinoma (LLC) tumors. To clarify the antitumor
and antimetastatic activities of royal jelly, we examined its effects on Matrigel-induced angiogenesis exo-vivo model. Mice
were subcutaneously inoculated with Matrigel supplemented with acidic fibroblast growth factor and heparin in the presence
or absence of royal jelly. Royal jelly inhibited the Matrigel-induced angiogenesis. From these results, it seems likely that

the antitumor and antimetastatic activities of royal jelly may be partly due to the inhibition of angiogenests.

Key words royal jelly, antitumor activity, antimetastatic activity, antiangiogenic activity, mice.
Abbreviations aFGF, acidic fibroblast growth factor; DMEM, Dulbecco’s modified Eagle’s mediuvm; FBS, fetal bo-
vine serum; LLC, Lewis lung carcinoma; TCA, trichloroacetic acid; PBS, phosphate buffered saline.

Introduction

Royal jelly is a secretion of the cephalic glands of
nurse bees and it is the food of the larvae of queen bees.
Queen bees live longer and are larger than nurse bees,
which do not feed on royal jelly. It has been reported
that many investigations of royal jelly were carried out fo
clarify its possible therapeutic use in a variety of human
diseases, including leukemia.” Royal jelly has been used
for the prevention of a variety of human diseases in the
worldwide as a health food. Recently, Okuda et al.? re-
ported that royal jelly inhibits catecholamine-induced
lipolysis and stimulates lipogenesis from glucose in iso-
lated rat fat cells, and that (E)-10-hydroxy-2-decenoic
acid isolated from royal jelly as an insulin-like substance
inhibits angiotensin converting enzyme activity. It has
been reported that royal jelly and (E)-10-hydroxy-2-
decenoic acid isolated from royal jelly have antitumor ef-
fects in tumor-bearing mice.>> It is well known that
malignant cancer often gives rise to metastases to the

lung, liver, bone, etc. To determine whether royal jelly
prevents tumor metastasis, we examined the antitumor
and antimetastatic actions of royal jelly using mice im-
planted intrasplenically with Lewis lung carcinoma
(LLC), and investigated the mechanisms of the antitumor
and antimetastatic actions of royal jelly.

Materials and Methods

Natural materials : Royal jelly was supplied by
Attested Transaction Conference for Royal Jelly of All
Japan (Tokyo, Japan). The voucher sample was stored at
the Second Department of Medical Biochemistry, School
of Medicine, Ehime University, Japan.

Materials : Matrigel® basement membrane (reduced
growth factor) was obtained from Becton Dickinson
Labware (Bedford, MA). Dulbecco’s modified Eagle’s
medium (DMEM) was obtained from Nissui Pharmaceu-
tical Ltd. (Tokyo, Japan) and used as culture medium.
Antibiotic and antimycotic solutions were purchased
from Sigma Chemical (St. Louis, MO). Fetal bovine
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serum (FBS) was purchased from ICN Biochemicals
(Aurora, OH). Culturc plates were purchased from
Corning Glass Works (NY). Other chemicals were of
reagent grade.

Cells : Highly metastatic, drug-resistant mouse Lewis
lung carcinoma (LLC) cells were obtained from Riken
Gene Bank (Tukuba, Japan) and maintained in DMEM
supplemented with 10% FBS, penicillin (I x 10° U/ml),
streptomycin (100 pg/ml) and amphotericin B (0.25
ug/ml).

Animals : Female C57BL/6 J strain mice (6 weeks
old) were obtained from Clea Japan (Osaka, Japan).
They were acclimatized for 1 week before the experi-
ments in a room maintained at 25 £ 1°C with 60% rela-
tive humidity and given free access to nonpurified diet (8
g water, 51.3 g crude carbohydrate, 24.6 g crude protein,
5.6 g crude lipid, 3.1 g crude fiber, 6.4 g mineral mixture
and 1 g vitamin mixture per 100 g diet; Oriental Yeast
Ltd; Osaka Japan) and water. The room was illuminated
for 12 h/d starting at 0700 h. Animals were treated ac-
cording to the ethical guidelines of the Animal Center,
School of Medicine, Ehime University. The experimen-
tal protocol was approved by the Animal Studies
Committee of Ehime University.

Measurements of antitumor and antimetastatic ac-
tivities in LLC-bearing mice : Cultures of LLC cells were
harvested by trypsinization, washed and suspended at 5
x 10° cells/ml in DMEM supplemented with 10% FBS
containing 1 mg/ml Matrigel. Matrige! was used to pre-
vent the cell suspension from leaking out of the spleen.
Solid-type LLC was prepared by intrasplenic implanta-
tion of 1 x 10° cells (0.2 ml) into the spleen of C57BL/6
female mice on day 0. Royal jelly (300 or 600 mg/kg)
was administered orally once (at 0700 h) daily for 20
consecutive days, starting 12 h after implantation of the
tumor cells. Sham-operated micc (normal) and LLC-
implanted mice (control) were given distilled water alone
on the same schedule. On day 21, blood was obtained
via venipuncture in mice with pentobarbital anesthesia,
and then spleen, thymus, lung and liver were removed
and weighed for evaluation of antitumor and antimeta-
static activities and side effects. The blood samples were
chilled in test tubes containing heparin, and the number
of red cells, leukocytes and hemoglobin content were
measured using a Coulter Counter (Japan Scientific
Instruments Ltd. Tokyo, Japan). The number of tumor

colonies in the liver was counted manually.

Histological examination : All liver tissues were
fixed in 10% buffered formalin for at least 24 h, and then
divided in five blocks, and then progressively dehydrated
in soluttons containing an increasing percentage of ethyl
alcohol (70, 80, 95 and 100 %). Following that, they
were cleared in Histoclear, embedded in paraffin under
vacuum, sectioned at 5-pum thickness, deparaffinized,
and stained with Harris hematoxylin and eosin. After the
same cross sections were selected from 5 plates per one
sample, 4 different microscopic fields (x 20 magnifica-
tion) per plate were photographed, and the photomicro-
graph images were stored in a computer. The total area
of tumor metastatic colonies in each photograph (x 20
magnification) was measured using Adobe Photoshop
(Adobe, Tokyo, Japan).

Measurement of Matrigel-induced neovasculariza-
tion : Exo-vivo Matrigel-induced neovascularization was
assayed according to the method of Passaniti et al.”
Briefly, female C57BL/6 mice were each injected
subcutaneously with 0.5 ml of Matrigel containing 1 ng
of acidic fibroblast growth factor (aFGF) and 64 U of
heparin per ml in the presence or absence of royal jelly
(800 pg/ml). The mice were killed on day 5 with an
overdose of pentobarbital, and the gels were removed
and weighed. The distilled water (1 ml) was added in the
gels, and then the gels were sonicated at 4°C and centri-
fuged at 2000 x g and 4°C for 10 min. The hemoglobin
content in the supernatant was determined using
Hemoglobin-Test kits (Wako Pure Chemical Co., Osaka,
Japan).

Data and statistical analyses : All values are ex-
pressed as mean T standard error of the mean (S.E.M.).
Data were analyzed by one-way ANOVA, and then dif-
ferences in means among groups were analyzed using
Fisher’s protected LSD multiple comparison test (signifi-
cantly different at p<0.05).

Results

Antitumor and antimetastatic activities

The spleen weights of mice with intrasplenic im-
plantation of LLC cells were significantly greater than
those of sham-operated mice (normal mice) (Fig. 1). In
control mice, the increase of the spleen weight was sig-
nificantly inhibited by oraHy administered royal jelly at
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Fig. 1 Effect of royal jelly on intrasplenic tumor growth on day 21 in
Lewis lung carcinoma (LLC)-bearing mice.
A): Solid-type LLC was prepared by intrasplenic implantation of
1 x 105 cells (0.2 ml) containing 1 mg/ml Matrigel into the spleen of
C57BL/6 female mice on day 0. Sham-operated mice (normal) and
LLC-implanted mice (control) were given distilled water for 20
days. LLC-implanted mice were administered 300 or 600 mg/kg of
royal jelly orally once daily for 20 days.
Values are mean == S.E.M. The sham-operated group (normal) con-
sisted of 5 mice; the LL.C-bearing group (control) and royal jelly-
treated groups (300 or 600 mg/kg) consisted of 8 mice per group.
B): Photographs of the inhibition of primary tumor growth in the
spleen by royal jelly.

a dose of 300 or 600 mg/kg (Fig. 1). Royal jelly (300 or
600 mg/kg) significantly reduced the number of tumor
cell colonies that metastasized to the liver compared with
the number in control mice (Fig. 2). Antitumor and
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Fig. 2 Effect of royal jelly on LLC tumor metastasis to the liver on day
21 in LLC-bearing mice.
A): Values are mean = S.E.M. The sham-operated group (normal)
consisted of 5 mice; the LLC-bearing group (control) and royal jelly-
treated groups (300 or 600 mg/kg) consisted of 8 mice per group.
B): Photographs of the inhibition of tumor metastatic colonies to the
liver by royal jelly.

antimetastatic effects of royal jelly significantly did not
differ at doses between 300 mg/kg and 600 mg/kg of
royal jelly.
Body, liver, lung and thymus weights

Royal jelly had no effect on final body, lung or liver
weights in control mice compared with those in normal
mice (Table I). In control mice, the thymus weight was
significantly lower than that in normal mice. Royal jelly

Table 1 Effects of royal jelly on the weights of body, thymus, lung and liver in LLC-bearing C57BL/6 mice!-2

Body (g) Thymus (mg) Lung (mg) Liver (g)

Sham-operated mice

(Nommal) (n=5) 205 © 044 83.92 = 10.59* 147.21 * B8.79 124 £ 0.10
LLC-bearing mice

(Control) (n=8) 209 = 0.86 55.24 £ 8.00 159.70 *+ 13.62 1.59 * 0.18

+ Royal jelly

(300 mg/kg) (n=8) 21.5 £ 0.85 58.13 £ 3.88 159.27 = 530 1.58 = 0.12

(600 mg/kg) (n=8) 20.9 £ 0.65 51.83 = 624 145.11 * 5.05 148 + 0.08

1 Royal jelly was administered orally for 20 days, starting 12 h after implantation of the LLC cells. Sham-operated mice
(normal) and LLC-implanted mice (control) were given distilled water alone on the same schedule.
2 Each value represents the mean = S.E.M., n=5-8. *Significantly different from control mice, p<0.05.
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Table I Effects of royal jelly on the number of red cells and leukocytes and the
hemoglobin content in LLC-bearing C57BL/6 mice [.2

Red cells (x 10%/pl) Leukocytes (ul) Hemoglobin (g/100 ml)

Sham-operated mice

(Normal) (n=5) 779 + 9% 2650 £ 150 12.1 * 0.12%
LLC-bearing mice

(Control) (n=8) 495 + 98 4333 £ 531 750 £ 1.54

+ Royal jelly

(300 mg/kg) (n=8) 645 + 84 3400 * 423 968 * 1.30

(600 mg/kg) (n=8) 644 £ 59 4067 + 750 960 £ 094

I Royal jelly was administered orally for 20 days, starting 12 h after implantation of the LLC cells. Sham-operated mice
(normal) and LLC-implanted mice (control) were given distilled water alone on the same schedule.
2 Each value represents the mean & S.E.M., n=5-8. *Significantly different from control mice, p<0.05.

Table III  Effect of royal jelly on the area of metastatic tumors in the liver in LLC-bearing CS7BL/6 mice 1.2

Area of metastatic tumor in liver3 (mm2/filed)

Sham-operated mice (Normal) (n=5) 0 *+ 0%
LLC-bearing micc (Control) (n=8) 11.1 £ 2.26
+ Royal jelly
(300 mg/kg) (n=8) 546 = 241
(600 mgrkg) (n=8) 433 £ 1.99%

! Royal jelly was administered orally for 20 days, starting 12 h after implantation of the LLC cells. Sham-operated mice
(normal) and LLC-implanted mice (control) were given distilled water alone on the same schedule.

2 Each value represents the mean * S.E.M., n=5-8. *Significantly different from control mice, p<0.05.

3 After the same cross sections were selected from 5 plates per one sample, 4 different microscopic fields (x 20 magnifi-
cation) per plate were photographed, and the photomicrograph images were stored in a computer. The total area in each
photograph (x 20 magnification) was measured using Adobe Photoshop (Adobe, Tokyo, Japan). The area of metastatic tu-
mors in the liver was measured by histological observation after staining with Harris hematoxylin and eosin.

(300 and 600 mg/kg) had no effect on the reduction of
the thymus weight in LLC-bearing mice (Table I).
Number of leukocytes, red cells and hemoglobin content
in blood

The number of leukocytes in control mice tended to
be greater than that in normal mice, although the differ-
ence was not significant (p=0.0623). In contrast, the
number of red cells and the hemoglobin content in con-
trol mice were significantly lower than those in normal
mice (Table II). Thus, it was found that the intrasplenic
implantation of LLC cells caused anemia. The numbers
of leukocytes and red cells and hemoglobin content were
not affected by the oral administration of royal jelly for
20 consecutive days in LLC-bearing mice (Table II).
Histology of liver

As shown in Figure 3, metastasis to the liver was
caused by intrasplenic implantation of LL.C cells. The
area of metastatic tumors in the liver in royal jelly-

treated mice was smaller than that in control mice (Fig.
3 and Table III).

Fig. 3 Effects of royal jelly on the histology of LLC cells metastasiz-

Matrigel-induced angiogenesis (exo-vivo) ing to the liver on day 21 in LLC-bearing mice.

The gels that formed after subcutaneous implanta- Photographs of livers from sham-operated mice (A), LLC-
implanted mice (B), and LLC-implanted mice administered 300 mg

tion of Matrigel without aFGF and heaprin were readily (C) or 600 mg/kg (D) of royal jelly orally for 20 days.
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Table IV Effects of royal jelly on the weight and hemoglobin content of the gels 5 days after implantation into
mice of Matrigel supplemented with acidic fibroblast growth factor (aFGF) and heparin 1.2

Treatment

Matrigel weight Hemoglobin content

Matrigel alone

Matrigel + aFGF (1 ng/ml) +heparin (64 U/ml) (Control)

Matrigel, aFGF, heparin + royal jelly (800 pg/ml)

(mg) (mg/Matrigel)
107.4 = 12.83% 11.4 £ 195%
2662 * 67.88 232 £ 613
120.8 £ 14.66* 11.2 £ 1.20%

1 C57BL/6 mice were injected subcutaneously with 0.5 ml of Matrigel supplemented with 1 ng/ml aFGF and 64 U/ml hepa-

rin in the absence or presence of royal jelly (800 pg/ml).

2 Each value represents the mean = S.E.M., n=5. *Significantly different from Matrigel/aFGF/heparin (Control), p<0.05.

lem

Fig. 4 Photographs of Matrigel 5 days after subcutaneous injection of
mice with 0.5 ml of Matrigel without aFGF and heparin (A), Matrigel
supplemented with 1 ng/ml aFGF and 64 U/ml heparin (B) or the
Matrigel/aFGF/heparin mixture plus royal jelly (800 pg/ml) (C)

distinguished from surrounding tissue and produced only
a minor or local angiogenic response (Fig. 4A).
However, Matrigel supplemented with 1 ng aFGF and 64
U heparin per ml produced gels that induced an
angiogenic reaction (Fig. 4B). The Matrigel/aFGF/heparin
mixture caused a significant increase of the weight of the
gel and the hemoglobin content in the gels at 6 days after
implantation compared with the Matrigel without aFGF
and heparin (Table IV). Royal jelly (800 ng/ml) inhib-
ited the increases in the weight and hemoglobin content
of the gels (Fig. 4C and Table IV).

Discussion

The removal of certain cancers, for example, breast
carcinoma, colon carcinoma and osteogenic sarcoma,
may be followed by the rapid growth of distant metasta-
ses to lung, liver, etc. Therefore, new anticancer agents
with antitumor and antimetastatic activities are now

being sought. In previous reports, we showed that

stilbenes from the heartwood of Cassia and Polygonum
species inhibited tumor metastases to the lung through
the inhibition of tumor-induced neovascularization.”'®
As part of our series of studies of the antitumor and
antimetastatic activities of natural products, in the pre-
sent study we examined the inhibitory effects of royal
jelly on tumor growth and tumor metastasis to the liver
in mice implanted intrasplenically with LLC. It has been
reported that subcutaneous LLC-implantation in the foot
pad or back in C57BL/6 mice resulted in lung metastasis
in addition to tumor growth.!!"'® In the present study, we
found that the intrasplenic implantation of LLC cells re-
sulted in tumor metastasis to the liver. The present study
showed that tumor growth in the spleen and liver metas-
tasis were inhibited by the oral administration of royal
jelly for 20 consecutive days at a dose of 300 or 600
mg/kg in control mice. Antitumor and antimetastatic ac-
tions by royal jelly did not show a significant difference
at doses between 300 and 600 mg/kg. Thus, it was indi-
cated that these effects of royal jelly were dose-
independent. This reason is unknown. On the other
hand, royal jelly (1 to 1000 pg/ml) had no cytotoxic ef-
fect against LL.C cells in vifro (data not shown).
Angiogenesis is the growth of new capillary blood
vessels from preexisting capillaries and postcapillary
venules. Solid tumors cause neovascularization and the
resultant angiogenesis from solid tumors stimulates

tumor growth and metastasis,>'®

Therefore, to clarify
whether antiangiogenesis might be involved in the inhi-
bition of the growth of primary tumors and metastasis to
the liver, we examined the effects of royal jelly on
Matrigel-induced neovascularization using exo-vivo
model. Female C57BL/6 mice were injected subcutane-
ously with Matrigel containing aFGF and heparin with or
without royal jelly. Royal jelly inhibited the Matrigel-

induced neovascularization at a concentration of 800
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pg/ml. Experiments are now in progress to isolate the
active substance from various fractions of royal jelly
using this exo-vivo model. This finding indicates that the
antitumor and antimetastatic activities of royal jelly may
be partly due to direct inhibition of angiogenesis induced
by solid tumors. This is the first report showing that
royal jelly has an antiangiogenic effect.
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