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Development of Mouse Embryos
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Abstract: After screening 269 crude drugs for their
ability to inhibit the development of mouse zygotes, we
found Coptis rhizome and Phellodendron bark to have
inhibitory effects. We examined the effects of both
extracts and of berberine, a major component of these
plants, on in vitro development of zygotes and on full-
term fetal development in the mouse. Mouse zygotes
were cultured in medium containing water-soluble
extracts of Coptis rhizome or Phellodendron bark, or
berberine at various concentrations for 5 days and the
potential of zygotes to develop to blastocysts was
examined. In addition, superovulated mice were
intramuscularly injected with berberine and mated, and
examined for the in vivo development of fertilized eggs
to blastocysts and full-term fetuses. In vitro
development of zygotes to blastocysts was almost
completely inhibited when they were cultured in medium
containing more than 0.1 ug/ml Coptis rhizome, 10 ug/ml
Phellodendron bark, or 0.01 ug/ml berberine chloride or
berberine sulfate. When superovulated and mated
females received 100 ug berberine chloride once a day
for 2 to 14 days, the proportions of recovered
blastocysts and full-term fetuses were significantly
decreased. The present study indicates the potential
use of berberine as a contraceptive for animals.

Key words: Coptis rhizome, Phellodendron bark,
Berberine, Antifertility

Introduction

Assisted reproductive technologies such as in vitro
fertilization, intracytoplasmic sperm injection, freezing of
embryos and gametes are now widely used in animal
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husbandry, to rescue endangered species, as well as in
human infertility therapy. Somatic cell nuclear transfer
technology has also been developed to address these
needs [1]. Fertility reduction and contraception in
female animals are also important for avoiding
unplanned reproduction in companion animals, wild
animals and animals in zoos. Although effective
contraceptive pills to control human fertility have been
developed [2], practical non-invasive methods to inhibit
fertility in female animals have not yet been established.

A few natural products are known to have an anti-
fertility effect on animals. One example is gossypol, a
natural component of cottonseed, which inhibits fertility
[3]. Gossypol is a toxic factor indigenous to the cotton
plant genus. In vitro treatment of gametes with
gossypol or in vivo administration of gossypol disrupts
estrous cycles, pregnancy, early embryonic
development, sperm viability and sperm count [4, 5].
Gossypol administration in feed, especially to non-
ruminant and immature ruminant animals, however,
also produces toxic effects such as labored breathing,
dyspnea, depressed growth rate, and anorexia [4].

In our preliminary studies, we examined the in vitro
development of mouse zygotes treated with 269 crude
drugs, as listed in Table 1, at a concentration of 10 ug/
ml. We found that 2 of the 269 crude drugs in the list,
Coptis rhizome and Phellodendron bark, had inhibitory
effects on the in vitro development of mouse zygotes to
blastocysts. The roots of Coptis rhizome and
Phellodendron bark are well known and widely used in
traditional oriental herbal medicine. Coptis rhizome and
Phellodendron bark contain berberine, which has anti-
malarial, anti-diarrheal, anti-inflammatory, and anti-
microorganism effects, as well as inhibitory effect on
morphine-induced locomotor sensitization [6, 7].

In the present study, we demonstrated for the first
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time that extracts of Coptis rhizome and Phellodendron
bark, and berberine inhibit the development of zygotes
in vitro and full-term fetal development in the mouse.

Materials and Methods

All experiments and protocols were performed in strict
accordance with the Guiding Principles for the Care and
Use of Research Animals adopted by the Kinki
University Committee on Animal Research and
Bioethics. All chemicals were purchased from Sigma-
Aldrich Chemicals Co. (St. Louis, MO), unless otherwise
stated.

Extracts of crude drugs

Ten grams each of Coptis rhizome and Phellodendron
bark (Uchida Wakennyaku Co.,Tokyo, Japan) were
ground to powder using a blender, and each powder
sample was then boiled in 50 ml distilled water for 20
min. The extracts were centrifuged at 900 g for 5 min at
4°C. The supernatant was decanted, freeze-dried, and
stored at 4°C until use.

Embryo culture

Superovulation was induced in adult hybrid F1 female
mice (C57BL/6x DBA) by the injection of 5 IU equine
chorionic gonadotrophin (eCG) and 5 IU human
chorionic gonadotropin (hCG) 48 h apart. The mice
were then mated with F1 males. Mated females were
sacrificed 20 h after hCG injection, and eggs with
cumulus cells were collected and treated with 300 NFU/
ml hyaluronidase in M2 [8]. Denuded eggs with two
pronuclei were used for the experiments. Five to ten
zygotes were cultured in 10 ul KSOM/aa [9, 10]
containing 0.01 xg/ml to 1,000 xg /ml Coptis rhizome or
Phellodendron bark extract, or 0.0001 zg/ml to 10 xg/mi
berberine chloride or berberine sulfate trihydrate (Wako
Pure Chemical Industries, Ltd., Osaka, Japan) under
5% CO, in air at 37°C for 5 days. The addition of Coptis
rhizome or Phellodendron bark extracts, berberine
chloride or berberine sulfate to the medium at 10 xg/ml
had no effect on the pH (6.76 to 6.87) or osmolarity (250
to 251 mOsm).

To examine the effect of the timing of berberine
treatment on the potential of zygotes to develop into
blastocysts, we transferred 1-cell, 2-cell and 4-to 8-cell
embryos and morulae cultured for 0, 22, 46 and 70 h,
respectively, into the KSOM/aa supplemented with 0.1
ug/ml berberine chloride and cultured them for 118, 96,

72 and 48 h, respectively.

Effect of berberine administration on the in vivo
development of embryos to blastocysts

Superovulation was induced in F1 females with eCG
and hCG injections, and then the females were paired
with F1 males and intramuscularly injected with 100 xg
berberine chloride according to the injection schedules
described below. The day on which a female was
paired with a male was designated as day 0. Day 1 was
the afternoon of the day when a vaginal plug was found,
and day —1 means the day before day 0. The females
received 100 ug berberine once a day on day 1 (Group
1; 1 injection), days 1 and 2 (Group 2; 2 injections),
days 1 to 3 (Group 3; 3 injections), days -2 to 3 (Group
4; 6 injections), or days —10 to 3 (Group 5; 14
injections). All females were sacrificed on day 4 to
recover embryos. Recovered eggs/embryos were
classified as morulae, blastocysts, or others according
to their developmental stage. Eggs/embryos classified
as “others” included unfertilized eggs, and degenerated
and retarded embryos. Control females received 0.1 ml
distilled water following the same schedule as that used
for the berberine administration.

Effect of berberine administration on fetal development

For experimental convenience, superovulation was
induced in F1 females with injections of 2.5 IU eCG and
2.5 1U hCG 48 h apart, and the females were mated
with F1 males and then received 100 ug berberine
chloride for 6 days according to the schedule for Group
4 (6 injections, on days -2 to 3). Mated females were
sacrificed to examine the numbers of live and dead
fetuses on day 18.5 (day 0.5 was the morning of the day
on which a vaginal plug was observed). Control
females received 0.1 ml distilled water. Preliminary
studies demonstrated that the proportion of blastocysts
that developed in vitro into young after transfer to
pseudopregnant recipients injected with 2.5 IU eCG and
2.5 1U hCG was not significantly different from that after
transfer to naturally mated pseudopregnant recipients
(360/0 VS. 460/0).

Statistical analysis

The developmental data were analyzed by the chi-
square test and data on the number of fetuses were
analyzed by t-test. A P-value of less than 0.05 was
considered to be statistically significant.
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Table 2. Effect of the extracts of Coptis rhizome and Phellodendron bark on the in vitro development

of mouse zygotes

Treatment Concentrations No. of zygotes No. (%) of zygotes developed to
(ug/ml) cultured 2-cell blastocysts
Control - 94 92 (98)® 76 (81)
Coptis rhizome 0.01 61 60 (98) 24 (39)°
0.1 71 65 (92)* 2 (3)
1 73 66 (90)* 0
10 71 14 (20)° 0
100 30 0 0
1,000 30 0 0
Phellodendron bark 0.01 43 43 (100)* 37 (86)
0.1 36 36 (100)® 21 (58)°
1 20 20 (100)* 10 (50)°
10 19 18 (41)° 3(7)
100 26 0 0
1,000 30 0 0

43

**: Values with different superscripts in the same columm differ significantly (P < 0.05).

Table 3. Effect of berberine on the in vitro development of mouse zygotes

Treatment Concentrations No. of zygotes No. (%) of zygotes developed to
(ug/ml) cultured 2-cell 4-8-cell  morulae blastocysts
Control - 94 93(99)* 88 (94)™® 83 (88)*  T2(77)"
Berberine cloride 0.0001 43 42 (98)  42(98)*  37(86)® 35(81)
0.001 53 51(96)*  51(96)*  47(89)* 42 (79)
0.01 40 39 (98)*  34(85)° 29 (73)" 1 (3P
0.1 43 43 (100* 0 0 0
1 41 5(12) 0 0 0
10 41 0 0 0 0
Control - 60 57.(95)* 5795  57(95)* 39 (65)
Berberine sulfate 0.001 63 58 (92  58(92)  58(92)* 21 (33)
0.01 62 59 (95  50(81)° 22(35)° 0
0.1 59 55(93)*  17(29) 0 0
1 55 25 (45)° 0 0 0
10 55 0 (0) 0 0 0

2 Values with different superscripts in the same columm differ significantly (P < 0.05).

Results

Effect of Coptis rhizome, Phellodendron bark and
berberine on the in vitro development of zygotes

Coptis rhizome at a concentration of more than 0.1
u#g/ml and Phellodendron bark extracts at a
concentration of more than 10 ug/ml almost completely
inhibited the potential of zygotes to develop into
blastocysts (Table 2). The development of zygotes to
blastocysts was significantly reduced by Coptis rhizome
at a concentration of 0.01 xg/ml and by Phellodendron
bark at concentrations over 0.1 xg/ml.

The potential of zygotes to develop into blastocysts

was almost completely inhibited when embryos were
treated with 0.01 xg/ml berberine chloride or berberine
sulfate (Table 3). The inhibitory effect of berberine was
dose-dependent.

The inhibitory effects of berberine chloride on in vitro
development were observed in embryos treated at all
stages from the 1-cell to the morula. Even morulae
treated with 0.1 xg/ml berberine chroride did not
develop into blastocysts (Table 4).

Effect of berberine chloride administration on early
embryonic development in vivo
The administration of berberine did not affect the
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Table 4. Effect of the timing of berberine chloride treatment on the development of mouse embryos

Timing of treatment

No. (%) of embryos developed to

Group No. of embryos
Developmental stage (h after culture) cultured 2-cell 4-8-cell morulae  blastocysts
Control I-cell () 70 70 (100) 70 (100 66 (94) 66 (94)
Berberine I-cell  (0) 48 44 (92) 3(6)° 0 0
2-cell (22) 29 - 1 (3)r 0 0
4-8-cell (46) 47 - - 8 (17)° 0
morula (70) 47 - - - 0

Berberine chloride was added to the culture medium at the concentration of 0.1 zg/ml. *°:

in the same columm differ significantly (P < 0.05).

Values with different superscripts

Table 5. Effect of berberine chloride administration on the in vivo development of embryos

Administration ~ No. of females ~ No. (%) of mated No. of eggs/ .

Group period paired with females(with ~ embryos recovered No. (%) of revovered embryos at

(day) males vaginal plug) (average per morulae  blastocysts others

mated female)

G3: DW 3 14 10 (71) 334 (33.4) 124 (37)* 145 (43)* 65 (19)°
G1: Berberine 1 9 6 (67) 173 (28.8) 49 (28)° 95 (55)° 29 (172
G2: Berberine 2 8 6(75) 126 (21.0) 37 (29)" 41 (33)° 48 (38)°
G3: Berberine 3 14 13 (93) 366 (28.2) 105 (29)° 138 (38)° 123 (34)°
G6: DW 6 14* 11 (85)*** 131 (11.9) 54 (41) 46 (35)° 31 (24)
G6: Berberine 6 25%* 18 (82)*** 123 (6.8) 50 (41) 12 (10)° 61 (50)°
G14: DW 14 7* 5(83) 103 (20.6) 23 (22) 68 (66)* 12 (12)
G14: Berberine 14 11* 9 (90) 164 (18.2) 62 (38) 63 (41 34 (21)

*¢: Values with different superscripts in the same columm and the same experiment differ significantly (P < 0.05). *One female in
each group died before mating. **Three females died before mating. ***One female in each group died before embryo recovery.

Table 6. Effect of berberine chloride administration on fetal development

No. of females
mated (with

No. of females

Treatment paired with

No. (%) of mated

No. of fetuses

females with

males vaginal plug) fetuses live (average £SD)  dead
DW 16 15 (94) 9 (60) 156 (17.3 £ 6.7)* 4
Berberine 16 16 (100) 10 (63) 121 (12.1 £3.7)° 5

b Values with different superscripts differ significantly (P < 0.05).

proportions of mated females (Table 5). When 100 g
berberine was intramuscularly injected for 2, 3, 6 or 14
days, the percentage of recovered embryos at the
blastocyst stage in each group was significantly smaller
than that in controls (10% to 41% vs. 35% to 66%,
respectively). A few mice died following berberine
injection, before or after mating (4 out of 25 and 1 out of
11 mice), or following distilled water injection (2 out of
14 and 1 out of 7 mice) in Group 6 and Group 14,
respectively.

Table 6 shows the effect of berberine injection on the
development to full-term. The proportions of females

mated (100% vs. 94% in the control group) and with
fetuses (63% vs. 60% in the control group) on day 18.5
did not differ significantly from the control group. The
average number of live fetuses in the berberine-
administered females was significantly lower than that
of the control females (12.1 vs. 17.3, respectively).

Discussion

Coptis rhizome and Phellodendron bark are widely
used for the treatment of gastroenteritis, diarrhea,
cholera, and human immunodeficiency virus (HIV) in



traditional Chinese medicine [6, 7], and herbal
medicines containing Coptis rhizome or Phellodendron
bark are commercially available in Japan. Berberine is
an alkaloid component of Coptis rhizome and
Phellodendron bark [7] that is used to treat diseases
such as hypotension, vasorelaxation, diarrhea,
respiratory infection, HIV and human cancer cells [7,
11]. Although berberine administration to pregnant
women is not recommended, because berberine
displaces bilirubin from serum-binding proteins, causing
jaundice, kernicterus, and brain damage in infants,
there are no reports on the toxicity of berberine at
clinically relevant doses [7]. When berberine chloride
dihydrate was administered in the feed to pregnant mice
on days 6 to 17 of gestation, 33% of mice administered
a high dosage of berberine (1,000 mg/kgBW/day) died
from unknown causes, but prenatal mortality, average
litter size, and percentage of male fetuses were not
affected [12].

To date, although there have been a number of
pharmacologic and therapeutic studies of Coptis
rhizome, Phellodendron bark and berberine [7, 13], their
effects on fertility have not been reported. We found
that water-soluble extracts of Coptis rhizome, and
Phellodendron bark inhibited the development of mouse
zygotes to blastocysts in vitro. We also found that
berberine, a component of both natural products,
inhibited the development of mouse zygotes. Moreover,
intramuscular injection of berberine decreased the
frequency of blastocysts and full-term fetuses. To our
knowledge, this is the first report that Coptis rhizome,
Phellodendron bark, and berberine inhibit the
development of mouse zygotes.

The precise mechanisms by which both natural
products and berberine inhibit the development of
zygotes are not clear. Because the development of 1-
cell, 2-cell, 4 to 8-cell, and morula-stage embryos to
later stages was inhibited after the administration of
berberine chloride, its inhibitory effect is likely related to
cell division of blastomeres rather than embryonic
genome activation, which occurs at the 2-cell stage in
the mouse [14]. Berberine inhibits the growth of various
types of cancer cells by inhibiting DNA topoisomerase |
and by inducing cell-cycle arrest and apoptosis, mainly
through the caspase-3 or Fas/FasL signaling pathway
[13, 15, 16]. Serafim et al. [17] reported that berberine
at low doses promotes G1 arrest but at higher doses
results in G2 arrest. In the present study, we did not
examine the cell cycle stage or apoptosis in
development-arrested embryos after berberine
treatment. Because most zygotes treated with 0.01 wg/
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ml berberine chloride developed to the morula stage,
but only a few berberine-treated embryos developed
into blastocysts, and morulae treated with 0.1 xg/ml
berberine chloride did not develop to blastocysts, it is
possible that berberine inhibits the cell differentiation in
the morula.

The present study demonstrated that berberine
administered to female mice once a day for 2 to 14 days
after superovulation significantly decreased the
proportion of recovered blastocysts and the fetal rate
compared with those of control females. Although the
precise mechanism is not clear, berberine administered
intramuscularly may travel to oviducts and uteri through
epithelial cells and inhibit embryonic development.
Unlike gossypol [4], the toxicity of berberine except at
an unusually high dosage has not been reported. The
findings of the present study indicate the potential use
of berberine as a contraceptive for animals. However,
effective procedures to enhance the transport of
berberine to the genital tracts have to be developed,
because the inhibition of fetal development is not
complete. Follow-up in vivo studies are needed to
demonstrate that fertility can be restored. Further
studies should be conducted to reveal the mechanism
of inhibitory action of berberine on the embryonic
development.
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