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Effect of dehydroleucodine on the reproductive tract
of male mice
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Introduction

Sesquiterpene lactones are a large and structurally diverse

group of plant metabolites (Heinrich et al., 1998). Several

biological activities of sesquiterpene lactones have been

reported, including anti-tumour (Robles et al., 1995),

anti-migraine (Beekman et al., 1997), gastric cytoprotec-

tor (Giordano et al., 1992) and aromatase enzyme inhibi-

tor (Blanco et al., 1997) effects.

Aromatases belong to the monooxygenase family of

enzymes that metabolise substrates by adding single oxy-

gen atoms to them (Hayaishi, 1962; Mason, 1965). The

largest group of monooxygenases is the cytochrome P450

superfamily, where some members of the group partici-

pate in the biosynthesis of compounds such as steroid

hormones, vitamins and antibiotics (Wang et al., 2009).

P450 aromatase is one of them and oxidises only a few

substrates that are involved in oestrogen synthesis. This

enzyme catalyses the direct production of oestrone from a

steroid known as androstenedione (Simpson et al., 1997).

Dehydroleucodine (DhL) is a sesquiterpene lactone of the

guaianolide group that has been isolated and purified from

the aerial parts of Artemisia douglasiana Besser, a medicinal

herb used in Argentina (Giordano et al., 1990). It has been

shown that DhL inhibits the enzyme P450 aromatase in rat

uterus (Blanco et al., 1997, 2001). As P450 aromatase is

involved in converting testosterone to oestradiol in testis

(Simpson et al., 1997), we evaluated whether the adminis-

tration of DhL to male mice alters aspects of the reproduc-

tive tract. To this end, we analysed the plasma levels of

testosterone and oestradiol and the concentration of sper-

matids in the testis and sperm in the epididymis. In the cau-

da epididymis, the activity of two hydrolytic enzymes was

analysed. In addition, the motility of sperm and the ability

to bind to zona-free oocytes was evaluated.

Materials and methods

Animals of experimentation

Adult female golden hamsters were used as source of

oocytes.

Two-month-old BALB/c mice fed ad libitum were used

in the experiments with DhL. DhL at 93% purity was
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Summary

The effects of a sesquiterpene lactone, dehydroleucodine, on the reproductive

tract were investigated using adult male mice. Dehydroleucodine was dissolved

in tap water and administered as drinking water for 30 days. All the parameters

were compared with a control group that received only vehicle. Animals were

killed by decapitation and the trunk blood, the testes and the epididymes were

collected. Plasma concentrations of testosterone and oestradiol, and testicular

weight and concentration of spermatids did not change by dehydroleucodine.

Nevertheless, in epididymal cauda dehydroleucodine treatment caused a diminu-

tion in sperm number, a decrease in the amount of tubular fluid and a reduction

in the activity of the hydrolytic enzyme N-acetyl-b-d-glucosaminidase. However,

the sperm motility was not altered by dehydroleucodine treatment, although

sperm binding to zona-free oocytes increased significantly. These results suggest

that dehydroleucodine, which has been implicated in the inhibition of aromatase

P450, does not affect the plasma concentration of testosterone and oestradiol or

testicular activity, whereas altering several epididymal parameters. The epididy-

mis is thus a more sensitive target for dehydroleucodine action.
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obtained according to Giordano et al. (1990, 1992). A

stock solution of 0.2 m DhL in DMSO was stored at 4 �C

until use. DhL solution stock was diluted in tap water to

0.4 mm and administered as drinking water to mice

(35 mg kg)1 body weight per day) over the course of

30 days (treated group). Another set of mice received

only the vehicle (DMSO) in the drinking water 30 days

(control group).

Blood samples

Mice were killed by decapitation (following the interna-

tional rules for animal handling of the National Institute

of Health) and trunk blood was collected for measure-

ment of serum hormone concentrations.

Oestradiol and testosterone assay

Oestradiol and testosterone concentrations in plasma were

measured by radioimmunoassay using commercial kits

for total hormones (DSL-4800 and DSL-4100 double anti-

body radioimmunoassay, respectively, from Diagnostic

Systems Laboratories, Webster, Texas, USA).

Preparation of spermatids, sperm and epididymal

content

After 1 month of DhL treatment, mice were sacrificed by

decapitation and testes and epididymes were removed and

weighed. The number of advanced (steps 17–19) sperma-

tids in the testis was determined by the homogenisation

method (Amann & Lambiase, 1969). Each testis was

homogenised in a glass-teflon pestle with 0.5 ml PBS and

sonicated for 2 min. The suspension was diluted 1 : 10

with PBS and spermatids were counted in a

haemocytometer chamber. To obtain the epididymal tubu-

lar content (fluid and sperm), the apical tubular end of

cauda epididymidis was catheterised with a needle to allow

content release by retroperfusion. The tubules were injected

with retroperfusion buffer: 20 mm phosphate buffer pH

7.4, 150 mm NaCl, 5 mm, EDTA, 0.5 mm PMSF) using a

syringe at low pressure. After collecting tubular content,

the tubule interior was dried with air and the epididymis

was weighed. The weight of tubular content was estimated

as the difference between intact and dried-tubule epididy-

mis (d-te). The tubular content was used for counting

sperm and for assaying enzymatic activity. Additionally,

enzymatic activity was estimated in d-te and this was taken

as the activity in cauda epididymal tissue.

Sperm for both motility and binding tests were

obtained from the cauda epididymidis by cutting the tis-

sue in several transverse sections which were layered at

the bottom of a 1.7 ml eppendorf tube containing 0.3 ml

of nutrient mixture F-10 HAM (Sigma, St. Louis,

Missouri, USA) (HAM) supplemented with 25 mm Na

bicarbonate, 25 mg ml)1 BSA (supplemented HAM) and

incubated at 37 �C under 5% CO2 per air for 1 h. Mobile

sperm from the cauda epididymidis swim out into the

medium. The number of sperm was counted and the sus-

pension was used for motility and swim-up assays.

The percent of motility was determined from the

progressive and nonprogressive movements of sperm.

For the sperm swim-up assay, 5 · 105 sperm from the

suspension were layered at the bottom of a 1.7 ml

Eppendorf tube containing 1.5 ml supplemented HAM

and incubated at 37 �C under 5% CO2 per air for

30 min. Five fractions of 0.3 ml were collected from the

top of the tube and numbered consecutively 1–5. In

each fraction, the number of sperm was counted. Sperm

from fraction 1 were used in the sperm–oocyte inter-

action test.

Zona-free hamster oocytes

Oocytes were obtained from hamsters that had been

injected intraperitoneally with 30 IU of pregnant mare

serum gonadotrophin (PMSG) on the day of oestrus and

with 40 IU of human chorionic gonadotrophin (hCG)

48 h later. Eighteen hour after hCG administration, the

hamsters were killed by cervical fracture. The fallopian

tubes were washed in supplemented HAM (in the follow-

ing steps, supplemented HAM was used as washing solu-

tion), the cumulus and the zona pellucida were dispersed

in 1% hyaluronidase, followed by 1% trypsin, under a

stereomicroscope. The oocytes were then washed three

times and used immediately (De Rosas & Fornes, 1990).

Sperm–oocyte interaction

Drops (0.1 ml) sperm from the swim-up fraction 1 of

both control and treated mice were diluted to a concen-

tration of 5 · 105 ml)1 in supplemented HAM and were

placed under mineral oil in Petri dishes. Thirty oocytes

were mixed with 2.5 · 104 sperm and incubated for

30 min at 37 �C in an air chamber with 5% CO2. The

preparation was fixed with 5% glutaraldehyde in PBS and

analysed using phase contrast in a Nikon TE 2000-U

microscope with a Plan Fluor 20 · lens (Tokyo, Japan).

Enzymatic activity in epididymis

The epididymal tubular content obtained by retroperfu-

sion was centrifuged at 800 g for 10 min at 4 �C. The

supernatant containing the fluid fraction was clarified by

centrifugation at 60 000 g for 30 min and the enzymatic

activity was measured.
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N-Acetyl-b-d-glucosaminidase (b-NAG) and b-galacto-

sidase (b-GAL) activities were assayed fluorometrically by

using a 4-methylumbelliferyl substrate according to Bar-

rett & Heath (1977). The enzymatic activity was norma-

lised to the weight of cauda epididymidis, weight of tissue

(weight of cauda d-te) and to the weight of tubular

content (Belmonte et al., 1998).

Statistical analysis

The values compared were analysed statistically by

Student’s t-test and the level of significance was set at

P £ 0.01.

Results

Oestradiol and testosterone levels

We analysed whether the administration of DhL to mice

affected steroid hormone production. Plasma of control

mice contained 2.7 pg ml)1 testosterone whereas DhL-

treated mice had 3.2 pg ml)1 (Table 1). The level of oes-

tradiol in plasma was 15.1 ng ml)1 in the control and

16.8 ng ml)1 in treated animals (Table 1).

Organ weight

The weight of testes and epididymes was not affected by

DhL (Table 2). But the epididymal tubular content weight

was 10.9 mg in controls and 6.4 in DhL-treated animals

(Table 2), indicating a significant reduction with DhL

treatment.

Sperm characteristics

In testis, the number of spermatids did not change after

treatment (Table 2). However, the number of sperm in

cauda epididymidis (for mg of tubular content) was

2.9 · 106 and 1.6 · 106 in controls and treated animals,

respectively, a near 50% reduction in the total number of

sperm after DhL treatment (Table 2).

The percentage of sperm motility was determined as

69.3 and 71.0 for control and treated animals (Table 1)

and the same percentage of sperm from control and trea-

ted animals reached each fraction in the swim-up assay

(Fig. 1).

To evaluate the capacity of sperm to bind to oocytes,

zona-free hamster oocytes were mixed with a suspension

of capacitated sperm from fraction 1 of the swim-up

assay. After 30 min of incubation 13.3 sperm from con-

trol samples and 20.2 sperm from treated samples bound

to oocyte, showing a significantly increase with the treat-

ment (Fig. 2).

Table 1 Concentration of testosterone and oestradiol in plasma

Hormone Controla Treated

Testosterone (ng ml)1) 2.7 ± 0.71 3.2 ± 1.2

Oestradiol (pg ml)1) 15.1 ± 2.0 16.8 ± 1.3

aValues are expressed as means ± SE of 15 experiments.

Table 2 Weight of testis and epididymis and number of spermatids

and sperm

Tissues Control Treated

Testis

Weight (mg) 85.7 ± 1.4 82.2 ± 1.9

Spermatid number

mg)1 of testis (·10)5)

1.3 ± 0.13 1.4 ± 0.12

Spermatid number

in the testis (·10)5)

110.2 ± 9.2 115.1 ± 6.3

Epididymis

Weight (mg)

Whole 35.6 ± 0.1 35.4 ± 0.7

Cauda 15.4 ± 0.6 16.5 ± 0.8

Cauda tubular cont

mg mg)1 cauda 0.31 ± 0.01 0.18 ± 0.02*

mg per cauda 10.9 ± 0.6 6.4 ± 0.8*

Sperm

Number in cauda per

mg tubular cont. (·10)6)

2.9 ± 0.6 1.6 ± 0.45*

Number in cauda (·10)6) 103.2 ± 9.1 56.6 ± 3.7*

Per cent motility 69.3 ± 4.1 71.0 ± 3.2

*P £ 0.01 (compared with controls).
aValues are expressed as means ± SE of six experiments.

Fig. 1 Sperm swim-up. 5 · 105 sperm from control group (Control)

and DhL-treated group (DhL) were layered at the bottom of a 1.7-ml

Eppendorf tube containing 1.5 ml supplemented HAM and incubated

at 37 �C under 5% CO2 per air for 30 min. Five fractions (1–5) of

0.3 ml were collected from the top of the tube. The number of sperm

in each fraction was expressed as a percentage of total. The data are

the average percentage in each fraction ± SEM from six experiments.
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Hydrolytic enzyme activity in epididymis

Two hydrolytic enzymes were assayed in the epididymis

cauda, b-GAL and b-NAG. b-GAL activity did not change

after treatment (Table 3). Meanwhile, b-NAG activity in

epididymal tissue (assayed in d-te) was 1.7 UI mg)1 in

both control and treated mice, and in the tubular content

was 5.1 and 2.7 UI mg)1 for control and treated mice,

respectively, indicating a statistically significant reduction

in b-NAG activity in treated animals. This low activity of

b-NAG persisted when the enzyme activity was assayed in

the total tubular content. As the weight of cauda epididy-

midis tubular content was significantly lower than control

(Table 2), nearly 70% of the total b-NAG activity was lost

in treated animals and the loss corresponded to the

b-NAG activity from tubular content (Table 3).

Discussion

In this study, we show that the administration in the

drinking water of 35 mg DhL kg)1 body weight per day

for 30 days to male mice did not change the level of

testosterone or oestradiol in plasma. In addition, the

treatment did neither affect the weight of the testis or

epididymis, nor the histology of either organ (data not

shown). Neither did DhL alter the number of spermatids

in the testis.

In the cauda epididymidis, DhL induced a decrease in

the activity of b-NAG secreted into the lumen. DhL

decreased both the volume of tubular fluid and the num-

ber of sperm. Although the number of sperm in cauda

epididymidis of the DhL-treated group was significantly

lower than in the control group, neither the motility or

the swim-up ability of the DhL group sperm was affected.

In addition, the capability of treated sperm to bind to

zona-free oocyte was higher than in the control, indicat-

ing that DhL may induce in the sperm a greater number

of affinity sites to oocyte surface, or that DhL may

increase the number of capacitated sperm.

P450 aromatase has been found in several cells of the

rat testis, Leydig cells, immature Sertoli cells, germ cells

and in pre- and post-meiotic germinal cells, including

sperm (Tsai-Morris et al., 1985; Janulis et al., 1996,

1998). In adult rats, the administration of an aromatase

inhibitor, anastrozole, over 1–2 weeks induced a 50%

increase in plasma testosterone concentration (Turner

et al., 2000). It was postulated that DhL inhibits the activ-

ity of aromatase P450 in rat uterus (Blanco et al., 1997).

In any case, we did not find an increase in plasma testos-

terone concentration, or hypertrophy of Leydig cells after

DhL treatment, thus we considered it highly improbable

that DhL inhibited P450 aromatase in the Leydig cells,

but we do not discard the possibility that DhL is affecting

aromatases in other cells.

Aromatase enzymes are also present in epididymal epi-

thelial cells, and aromatase activity is associated with the

oestrogen receptors that participate in the secretion of

lysosomal enzymes into the duct and in fluid reabsortion

(Fisher et al., 1997; Hess et al., 1997)

We observed a decrease in the amount of tubular fluid

and in the lumen lysosomal enzyme b-NAG in DhL-trea-

ted cauda epididymidis, which could be attributed to an

(a) (b) (c)

Fig. 2 Mouse sperm binding to zona-free hamster oocytes. Thirty oocytes were incubated with 2.5 · 104 sperm from the control group (a) or

treated group (b) for 30 min at 37 �C, and analysed by phase contrast (a,b). The number of sperm that adhered to one oocyte was counted (c).

The data represent the average number of sperm bound to oocytes ± SEM from six experiments. *P £ 0.01.

Table 3 Enzymatic activity in cauda epididymis

Enzyme Control Treated

b-GAL

UI mg)1 d-te (·10)3) 0.6 ± 0.07 0.5 ± 0.06

UI mg)1 tubular content (·10)3) 1.3 ± 0.3 1.6 ± 0.4

UI mg)1 (d-te + tubular content · 10)3) 1.9 ± 0.2 2.1 ± 0.3

UI per total tubular content (·10)3) 20.71 ± 5.2 13.4 ± 3.2

b-NAG

UI mg)1 d-te (·10)3) 1.7 ± 0.4 1.7 ± 0.7

UI mg)1 tubular content (·10)3) 5.1 ± 1.0 2.7 ± 0.7*

UI mg)1 (d-te + tubular content · 10)3) 6.9 ± 0.6 4.4 ± 0.7 *

UI per total tubular content 55.59 ± 3.2 17.3 ± 4.1*

*P £ 0.01 (compared with controls).
aValues are expressed as means ± SE of six experiments.
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inhibition in the production of oestrogen by epididymal

aromatases.

The transcript for aromatase, aromatase immunoex-

pression and aromatase activity has been detected in ejac-

ulated sperm (Janulis et al., 1996). Rat epididymal sperm

contain active P450 aromatase (Janulis et al., 1998). We

found that DhL decreased the number of sperm in the

cauda. Perhaps DhL is affecting factors that control the

time that sperm inhabit the cauda epididymidis by inhib-

iting aromatase activity.

However, a greater number of sperm from DhL-treated

mice were able to bind to oocytes, possibly because DhL

is blocking epididymal aromatases and less oestradiol is

interacting with sperm, which decreases their inhibitory

activity on sperm capacitation. It was reported that 17-

beta oestradiol, by acting rapidly on calcium influx and

on protein tyrosine phosphorylation, seems to negatively

modulate sperm responsiveness to progesterone, inhibit-

ing both the plateau phase of calcium influx and the

acrosome reaction (Luconi et al., 1999; Baldi et al., 2000).

Experiments have been carried out in this laboratory to

explain the effect of DhL on the epididymis and sperm.
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