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Abstract: A group of 8 vo!unteers suffering from mi!d insomnia re-
ceived a placebo, 450 mg or 900 mg of an aqueous extract of va!erian
root in a doub!e-b!ind, repeated measures, random-order design. Sub-
jective s!eep ratings were assessed by questionnaire and movements
were recorded throughout the night with wrist-worn activity meters.
Using the first period of 5 consecutive minutes without movement as a
criterion of sleep onset, there was a significant decrease in sleep !atency
with 450mg valerian compared to p!acebo (15.8 2.2 mm vs 9.0 1.5
mm; paired "t" = 3.37; p <0.01). The higherdose of valerian produced
no further improvement in sleep latency.

Introduction

In a recent study on 128 vo!unteers we showed that an aqueous
extract of valerian root improved subjective ratings for sleep
quality and sleep latency but left no "hangover" the next morn-
ing. The improvements in sleep latency and sleep quality were
especially marked in people who considered themselves to be
habitually poor sleepers (11). In an electroenephalographic
(BEG) study, however, we found no significant decrease in ob-
jective measures of time to fall asleep (10). The participants in
the latter study were predominantly good sleepers, so it is quite
probable that their normal sleep latencies were too short for
valerian to produce a detectable improvement (the latencies
were 6.4 1.4 mm with placebo and 4.7 1.0 mm with vale-
nan). The main reason we used good sleepers for the EEG ex-
periments was that the technique is quite invasive and we found
it difficult to persuade people already suffering from mild in-
somnia to take part in a study which might further disturb their
sleep.

Wrist-worn activity meters offer a means of estimating sleep
latency, sleep stability and sleeping time in human volunteers

Research Department, Nestlé Products Technical Assistance Co.
Ltd., CH-1814 La Tour de Peilz, Switzerland

without interfering with their normal life. As Borbdly (2) has
shown, activity meters are very sensitive and can, for example,
be used to detect the increase in sleep stability early in the night
and the "rebound" increase in activity later the same night by
Midazolam, a very short acting benzodiazepine. As both our
subjective (11) and our BEG (10) assessments suggested that
valerian would be short acting, we decided to use activity met-
ers to assess the effects of valerian on sleep in a group of volun-
teers who specifically complained that they usually take a long
time to fall asleep. The smaller dose tested (450 mg) produced
a marked decrease in sleep latency; doubling this dose led to no
further improvement.

Materials and Methods

1. Test samples

Air-dried coarse-ground valerian root (rhizoma Valeriana officinalis L.
Dixa S. A., St. Gallen, Switzerland) was ground, mixed with deionised
water, heated to 60° C for 15 mi homogenised and centrifuged. After
re-extraction of the sediment, the combined supernatant fluids were
concentrated and dried (11). From 6 kg of starting material we ob-
tained 1.94 kg of powder, which (to make the valerian less hygroscopic,
and to improve powder flow) was mixed with an equal amount of MD
05 maltodextrin. The placebo was finely ground brown sugar.

The test and placebo powders were sealed into capsules (Parke-
Davis snap-fit bicolour opaque * 0, Schaller Pharmaceuticals, Renens,
Switzerland) such lhat each capsule contained 225 mg of valerian ex-
tract.

2. Activity meters

The wrist-worn activity meters were adapted from a design of Colburn
(5), developed by Borbély (2). Each meter weighed 93 g, measured 50
x 30 x 30 mm, and was fitted with a digital watch face. Movements
were detected by a piezo-electric accelerometer linked via an amplifier
and an analogue-digital transducer to a counter, and thence to a 1024 x
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8 bit memory unit. The organisation of the meter is as follows: an inter-
nal quartz clock divides time into successive "windows" of 0.221 sec-
onds. If an acceleration of greater than 0.1 g occurs during a given time
window, a pulse is registered in the counter. After 255 such periods
(i.e. every 56.25 sec), the number of pulses accumulated is stored in the
memory and the counter reset to zero. The memory can stock up to
1024 8-bit numbers, so the counter can record for 16 hours, just long
enough for an overnight experiment. The digital watch face fitted to
each activity meter was used as the reference for noting the time of
"lights out" in the evening and of awakening next morning.

3. Experimental design

A group of 8 volunteers, 5 men and 3 women, mean age 45 years (range
33—59), who all complained that they usually have problems getting to
sleep, were recruited from among the research staff and their families.
Before being enrolled in the experiment, each volunteer received an
explanation as to the aim of the study and gave informed consent.

We used a double-blind, repeated measures, random order experi-
mental design with samples adminstered in the order shown in Table I.

Table I. Order of administration of test samples

Day Volunteer

1 2 3 4 5 6 7 8

1 C C C A B C A C
2 B C A B C B B C
3 C C C C A A A B
4 C A A B A C C A
5
6 Weekend
7

8 A B C C C A C C
9 B B C B B A A B

10 A C B A A A C B
11 B A A A B B B B
12
13 Weekend
14
15 B B B A A B B A
16 C A B C B C A C
17 A A B C C B B A
18 A B A B C C C A

This design has three advantages: first it mimics the "occasional"
sedative consumption typical of poor sleepers who do not resort to
powerful tranquillizers. Second, it is more complex than the straight
crossover design (i.e. with 1 week on each treatment) which reduces

the risk that volunteers will detect the different treatments other than
by sensing their effects on sleep. Thirdly, the design allows us to detect
any carry-over effects if they occur.

During the afternoon of each test day the 8 activity meters were
checked and, at about 16.00 h, initialized. The meters, the capsules
(identified only by a code number), and questionnaires were then dis-
tributed. Each volunteer put on an activity meter and, one hour before
retiring to bed, took the capsules. The time of "lights out" was noted
and, the next morning the volunteer completed a sleep questionnaire
and delivered the activity meter to the laboratory. The contents of the
meter were then read into the computer, and the cycle was repeated.

Analysis of the results

Individual and mean activity counts were plotted using an HP 3000
computer and software developed in our laboratory. The statistical
treatment was simple. The specific hypothesis being tested was that val-
erian would decrease sleep latency. We first checked for the absence of
overt "carry-over" effects of one treatment night to the next. Then,
using the first period of 5 minutes without movement as a criterion for
sleep onset, we calculated the mean sleep latency for each treatment
for each volunteer. Using the paired Student's "t" test, we checked the
probability that valerian produced a decrease in sleep latency.

Results

All the volunteers finished the study and there were no prob-
lems of compliance with the experimental protocol nor were
there any reports of side effects of the treatments.

One of the 8 activity meters broke down on 6 of the 12 nights
so results for that person were eliminated from the study.
Another meter functioned unreliably on 2 nights (1 placebo
night and one night with 900 mg valerian), and a third broke
down on a single night (900 mg valerian). For these two volun-
teers results for the remaining 3 nights for the particular treat-
ment were included in the analysis.

Effects of valerian on sleep latency

Fig. 1 shows mean activities throughout the night for the 3
treatments, synchronised to start 1 hour before "lights out", for
the 7 subjects with usable results. The first point to note is the
relatively high activity during the 20 minutes following "lights
out" on the placebo nights which contrasts with the rapid disap-
pearance of movement after 450 or 900mg of valerian. Second,
for the rest of the night, activity levels were similar for all 3

Fig. 1. Mean activity throughout the night
after placebo, 450mg of valerian or 900mg of
valerian in 7 subjects. The plots were syn-
chronised to begin 1 h before "lights out".
With placebo (top recording) there was con-
siderable activity during the first 30 mm after
"lights Out", a low level during the night and a
resumption of waking activity levels about 7.5
h later. With valerian (450 and 900 mg) activ-
ity declined precipitously after "lights out",
was similar to placebo throughout the night,
and waking occurred about 20 mm earlier
than with placebo.
These results suggest that, in mild insomniacs,
Valerian (a) accelerates sleep onset; (b) does
not influence total sleep time; (c) does not di-
minish (or disrupt) the normal levels of move-
ment during the night.
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Table H. Mean sleep latencies after placebo and valerian

Volunteer (minutes t
Mean Sleep Latency

o first 5 mm without movement)

Placebo Valerian
(450 mg)

Valerian
(900 mg)

1
2
3
45*
5
6
7
8

21.5*
14.25
17.25

12.0
11.25
25.3
9.25

16.5
11.5
6.75

6.0
5.5
8.25
8.25

12.0
19.75
5.5

11.0
8.0

16.6
7.25

Mean (± SD) 15.8 5.8 9.0 3.9 11.4 5.2

One-tailed paired "t" test,
df=6, t=3.37;p<0.01- —

One-tailed paired "t" test,
df=6, t=1.95;p=0.05

* each value is the mean of 4 observations.
** results lost due to breakdown of the activity meter.

groups. Third, sleep latency after 450 mg valerian was so short
that it is not surprising that an increase in the dose to 900mg led
to no further improvement.

Using the first period of 5 consecutive minutes without
movement after "lights out" as a criterion of sleep onset, we
calculated sleep latencies for the 3 treatments for each volun-
teer. As Table II shows, valerian (450 mg) produced a signifi-
cant decrease in this measure of time to fall asleep; increasing
the dose to 900 mg led to no further improvement.

The correlation between sleep latency (measured with the
activity meters) and perceived sleep latency (measured by
questionnaire) was calculated for each person and for each
treatment. The mean correlation coefficient (r) was 0.52 0.23
(SEM) — avalue significantly higher than zero and very close to
that found in studies comparing subjective and EEG measures
of sleep latency (13).

We also checked for "carry-over" effects by comparing sleep
latency and sleep quality on the placebo nights which followed
nights with either (a) no treatment at all; (b) placebo; (c) 450
mg valerian or (d) 900 mg of valerian. As Table III shows, for
these parameters at least, there was no evidence for "carry-
over" of valerian effects to the next night.

In addition to testing the specific hypothesis that valerian
would decrease sleep latency, we also measured total sleep
time, the number of minutes with 1 or more movements during
the night, and the total number of movements during the night.

Table Ill. Mean sleep latencies with placebo on nights following different treatments

Treatment on previous night*

(a)
None

(b)
Placebo

(c)
Valerian
(450 mg)

(d)
Valerian
(900 mg)

FF p

N
Meansleeplatencywithplacebo(min)
Mean sleep quality with placebo

(9pointscale)

6
14.8±8.1*

4.8±0.8

6
17.0±5.4

6.2±0.4

7
14.1

4.5±0.8

6
11.5± 1.4

4.5±0.9

0.216

0.940

NS

NS

* SEM
+

1-way analysis of variance.

Table IV. An analysis of sleep time and the pattern of sleep move-
ment during the night

Variable
Placebo

Treatment
Valerian
(450mg)

Valerian

(900 mg)

Total sleeptime (mm) 430± 17.1* 437± 17.4 438± 17.8

Total number of minutes
withiormoremovements 46± 8.3 45± 8.3 48± 6.0
Total numberof movements 388 92.6 380 85.4 416 79.4
Number of minutes with
1 or more movements during:

lstquarterofnight 9± 3.0 6± 1.5* 7± 1.9
2ndquarterof night 11 2.6 11 2.5 12± 2.6
3rdquarterofnight 12± 3.4 13± 3.5 13± 2.3
4thquarterofnight 12± 1.9 13± 2.4 14± 2.2
Total movements
1st quarterof night 107 57.8 75 359* 98 38.2
2ndquarterof night 81±23.4 105±36.2 102

3rd quarter of night 103 41.2 98 26.4 107 21.2
4th quarter of night 95 18.5 100 24.2 114 27.2

*

P < 0.05 (paired "t" test vs placebo).

These results are summarized in Table IV, and show that vale-
nan had no significant effect on total sleep time, nor did it influ-
ence the number of minutes with movement nor the total
number of movements. Valerian produced more stable sleep
than placebo during the first quarter of the night (p <0.05).
There were no significant changes in activity during the rest of
the night.

Subjective ratings

In addition to the activity meter measures, we also asked the
volunteers to complete a sleep questionnaire each morning.
The results are summarized in Table V which shows that the
subjective ratings for sleep latency mirror the results from the
objective ratings but the technique is less sensitive in that im-
provements in sleep latency, as measured with the activity met-
ers, reached a statistical significance of p <0.01; with subjec-
tive ratings p <0.1.

With the larger dose (900 mg) of valerian, the volunteers re-
ported feeling more sleepy (p <0.05) the next morning than
with placebo. This suggests that, with a high enough dose, vale-
nan may leave a "hangover" effect the next morning, similar to
some benzodiazepines and barbiturates (7).
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Table V. Subjective ratings of sleep for the 3 treatments

Variable
Placebo

Treatment
Valerian
(450mg)

Valerian
(900 mg)

Sleep quality'
Sleeplatency2

5.0 0.3
4.9±0.4

5.8 0.3
4.3±0.3k

5.2 0.3
4.9±0.3

Sleep depth3 5.1 0.4 5.8 0.3k 5.4 0.2
Sleepiness the

next morning4 5.2 0.4 5.4 0.6 4.6 0.5*

1. 9 point scale: higher score = better sleep quality
2. 9 point scale: higher score = longer sleep latency
3. 9 point scale: higher score = greater sleep depth
4. 9 point scale: higher score = better form (less sleepiness)
* worse than placebo (p <0.05) paired "t"-test
+ better than placebo (p <0.1) paired "t"-test.

Discussion

The specific hypothesis being tested in this experiment was that
extract of valerian root, taken by people who suffer problems
in getting to sleep, will decrease the time required for them to
settle down to sleep. The results confirm that hypothesis. As,
however, the method of measurement (activity meters) and the
sedative (valerian) used are both rather unusual, it is worth dis-
cussing their relevance to more conventional methods and
drugs.

The effectiveness of hypnotics is usually tested using a com-
bination of electroencephalographic (EEG) and subjective
sleep measures. EEG allows accurate measures of sleep la-
tency, total sleep time and night awakenings, and is particularly
useful to ensure that the hypnotic dose does not disrupt normal
sleep electrophysiology. On the other hand, it is invasive in that
the volunteer must come to the sleep laboratory, sit for 20 mi-
flutes while face and scalp electrodes are fitted, and then, fes-
tooned with wires, sleep in a strange bed. It is not surprising
that EEG itself can interfere with sleep (4), or that people with
mild insomnia are unenthusiastic about submitting to it (10).

Questionnaire studies are easier to set up and can be run on
a large scale. They are extremely important because, as Oswald
(12) has pointed out, whatever the results of objective studies,
if the patient does not feel that he or she slept better, the hypno-
tic is useless. Questionnaire studies are also useful in identify-
ing which group of people are most sensitive (11).

Activity meters have the particular advantage that they allow
objective measurements of movement during the night (thus al-
lowing accurate estimates of sleep latency, sleep time and night
awakenings) but they do not disrupt the normal life of the pa-
tient or volunteer. The results of this and our two earlier studies
(10, 11) underline the utility of combining the three techniques.

We found no evidence of "carry-over" of the different treat-
ments from one night to the next (see Table III), which is not
surprising in that the effects of smaller doses of valerian appear
to be confined to the early part of the night (10, 11).

The present study also showed that there was a significant
but unremarkable correlation between the questionnaire and
the activity meter estimates of sleep latency. This correlation is
similar to values found in comparisons between EEG and sub-
jective evaluations (13) and tends to confirm that subjective es-
timates of sleep latency are quite reliable.

Although all the volunteers complained that they normally
have long sleep latencies, activity meter measures suggest that

even with placebo the average time to stable sleep was less than
20 minutes. Again, this fits well with other studies showing that
insomniacs usually sleep better than they think they do (9).

The 450 mg dose of valerian decreased average sleep latency
in all subjects (Table II) and, as Fig. 1 shows, sleep latency was
so short that it is not surprising the higher dose produced no
further improvement. The changes were, however, quite small
(i.e. sleep latency decreased by, on average, 7 minutes) and it
should be stressed that they were detectable only because the
activity meters summed movements over short time periods (-..
1 mm). With the 7.5 minute interval typically used by Borbély
(1, 2) this decrease in sleep latency simply would not be seen.

The results using questionnaires (Table V) mirrored the ob-
jective measures but did not reach the same level of statistical
significance. This is not surprising in that the technique is less
sensitive and larger populations are usually required before
clear-cut results are obtained (7, 11).

The objective effects of valerian on sleep latency compare
favorably with those of many benzodiazepines and barbitu-
rates. Thus Kales et al. (8) in a comparison of nine commonly
used hypnotics including secobarbital (100 mg), Flurazepam
(30 mg) and Triazolam (0.5 mg) found that only Flurazepam
significantly decreased sleep latency. Other clinical trials have
shown small decreases (3) or no change (6) in sleep latency with
Flurazepam. Similarly, Hindmarch (7) using subjective rating
scales found that amylobarbital (100 mg) and Temazepam (15
mg) produced no significant changes in subjective ratings for
sleep latency, sleep quality or morning somnolence. Larger
doses of Temazepam shortened sleep latency but also produced
a marked increase in morning somnolence. Another ben-
zodiazepine, Nitrazepam (5 mg) shortened sleep latency and
improved sleep quality but also increased morning sleepiness.
While it is difficult to draw comparisons between these studies,
the changes we observe with valerian suggest that it is at least as
effective as small doses of bariburates and benzodiazepines.

Although we have demonstrated that an aqueous extract of
valerian improves sleep latency, we are still in the process of
identifying the active component. It is often assumed that the
valepotriate esters isolated by Von Eickstedt and Rahman (14)
are the active principles but they are insoluble in water, and as
the preparation tested here contained only 0.01 % valepot-
riates (Hoffman and Lunder, unpublished work), they can be
excluded as the active hypnotic, at least in aqueous extracts.

In summary, these results show that activity meters used on
a group of people specifically chosen because they are poor
sleepers provides a sensitive and non-invasive means of testing
the effects of mild sedatives. They also show that aqueous ex-
tract of valerian root decreases sleep latency in people who
have a problem getting to sleep.
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Abstract: The pharmacological properties of onitin, onitinoside and
onitisin, three phenolic pterosins, isolated from Onychium siliculosum
have been investigated. Their predominant effects are to inhibit the
contraction of isolated guinea-pig ileum. In these three compounds,
onitin is the most potent one. Onitin (1 x 10M) inhibits both the D
receptor and M receptor of 5-HT. The antagonism of onitin against
histamine is non-competitive.

Introduction

Onychium japonicum (Thunb) Kunze and Onychium
siliculosum (Desv.) C. Chr. (Pteridaceae) are commonly used
for remedy of diarrhea, dysentery, abdominal cramps and
pyrexia (1, 2, 3) in Formosa. From Onychium japonicum, a
new diterpene alcohol named onychiol C, C20H30O4, was iso-
lated, Its pharmacological effects were also reported (4). Since
the two herbs are very close in morphology, the authors were
interested in whether they were comparable in pharmacologi-
cal active components. Three phenolic pterosins —onitin, oniti-
sin, onitinoside — were isolated from Onychium siliculosum.
This investigation was aimed at the examination of their ac-
tivities on smooth muscle for better understanding of this herb
as an antidiarrhoic agent.

Experimental
isolation

Onychium siliculosum was collected from Liu-Kuei, Kaohsiung in
South Taiwan during the summer season (in July). The ethanolic ex-
tract of the powdered whole herb of Onychium siliculosum was succes-
sively partitioned with CHCI3, EtOAC and n-BuOH. Subsequent sep-

Department of Biology, Chia Nan Junior College of Pharmacy, Jen-
Te Hsiang, Tainan, Taiwan 717, R.O.C.

2
Department of Pharmacology
Department of Chemistry
Address for correspondence

arations of the CHCI3 and EtOAC extracts were achieved using silica
gel column chromatography affording onitin, onitinoside, onitisin for
pharmacological tests.

Smooth muscle preparations

Segments of relevant tissues from freshly killed animals suspended in
an organ bath containing Tyrode solution at 37° C and bubbled with 02
(95%) and CO2 (5%). The peristaltic reflex was initiated by raising the
intraluminal pressure of guinea-pig gut (5, 6). The dose which produc-
ed 50 % inhibition (ED50) on the contractions evoked by histamine
diphosphate or on the pendular movement of rabbit jejunum was esti-
mated (7). The effects of onitin on guinea-pig ileum were tested accord-
ing to the cumulative technique (8). The calculation of pD2' was also
performed (9).

Gut Movement of the Rabbit

Rabbits weighing 2.0—2.5 kg were anesthetized with a-chloralose (60
mg/kg). A small balloon was inserted into the intestine of the rabbit and
movements of the gut were recorded with a volume pressure transducer
(LPU-0.1).

Results

A bioactive new compound was isolated and named onitinoside
(10) (Scheme 1). The other compounds were identified by com-
parison with authentic samples as onitin and onitisin (11). Oni-
tin and onitisin were dissolved in 1 ,2-propylenglycol (PG) for
pharmacological tests. In concentrations of 1 x 10M, onitin
regularly blocked the peristaltic reflex. The relative potency of
onitin, onitisin and onitinoside is shown in Fig. 1.

The pendular movement of rabbit jejunum was inhibited by
onitin. The concentration causing 50 % inhibition was about 1
x 10M (Fig. 2). With a concentration of 4 x 10M, complete
inhibition was achieved. Onitin non-competitively inhibited
the contractions induced by histamine. The pD2' value of onitin
was 3.97 0.06 (Fig. 3).

Onitin also inhibited the contraction of guinea-pig ileum pro-
voked by 5-hydroxytryptamine (5-HT). Table I shows the
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