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Abstract In this study, we developed a new method to

separate terpenoids from byproducts discharged during

sugi wood-drying process by solvent-assisted-distillation

(SAD). First, the sample was distillated from a mixed

solvent, of water and triethylene glycol. Then, the volatile

compounds in the sample were fractionated sequentially

according to boiling point. Using SAD, we separated

compounds like sesuquiterpenes from the water distillates

(WD) fraction by conventional distillation methods. In

addition, high boiling point compounds, such as diterpenes,

were separated from the triethylene glycol distillates

(TGD) fraction. Based on gas chromatography/mass spec-

trometry (GC/MS) analysis, the main components of the

byproducts were sandaracopimarinol (18.74 %), ferruginol

(16.45 %), 6,7-dehydroferruginol (7.97 %), abietadiene

(6.39 %), and sandaracopimarinal (6.08 %). We purified

ferruginol from these sugi wood-drying byproducts using

SAD and chromatography; the yield was 5.3 % and the

purity was 99.8 %.

Keywords Cryptomeria japonica � Ferruginol �
Terpenoids

Introduction

Cryptomeria japonica (sugi) is one of the most common

conifers in Japan. C. japonica has been employed by

people to produce building materials, laminated wood, and

veneer sheets for plywood. Numerous studies have inves-

tigated C. japonica for a long time. Essential oils obtained

from C. japonica have been shown to exhibit antifungal

activity [1], anti-termite activity [2], anti-mosquito activity

[3], inhibitory activity against Skeletonema costatum [4],

relaxation effects [5], and cytotoxic activity [6].

Essential oils obtained from many plants have been used

for food, medicine, perfumes and cosmetics all over the

world [7]. Numerous volatile organic compounds, like

terpenoids, are contained in essential oils.

There are traditional methods to extract terpenoids in-

dustrially, for example, hydrodistillation, steam distillation,

solvent extraction, and supercritical extraction. In recent

years, new distillation methods, such as microwave-as-

sisted hydrodistillation [8], and vacuum microwave-as-

sisted steam distillation [9] have been developed for

various purposes.

At the manufacturing process of plywood, green veneer

sheets made of sugi wood are dried by heating around

170 �C. The steam evolved in the wood-drying process is

recovered in tanks by cooling. The steam is then condensed

into water by cooling, and the precipitate in the tanks has a

high viscosity, like tar. This precipitate is used as fuel for
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the plywood factories. However, it has been reported that

the byproducts discharged during sugi wood-drying pro-

cess (BWP) are rich in terpenoids originating from sugi

wood, such as sandaracopimarinol, ferruginol, 6,7-dehy-

droferruginol [10]. In this study, we developed a new

method for separating terpenoids from the BWP by sol-

vent-assisted-distillation (SAD). Ferruginol was purified

from the distillate by conventional chromatography. Thus,

the aims of this study were to separate terpenoids by SAD,

to purify ferruginol more easily, and to add value to BWP,

all of which can be applied to the wood industry.

Materials and methods

Materials

Reference sample

Ferruginol was deposited at the Faculty of Agriculture,

Iwate University [11]. The vial was sealed and kept at

-20 �C in the dark until use.

Plant material

Sawdust meal of sugi heartwood was provided by Kimura-

sangyou Co., Ltd. (Iwate, Japan). The sawdust was divided

into subsamples and stored at -30 �C until use. The water

content was 38.5 %. This sawdust was used for steam

distillation and solvent extraction.

BWP

BWP, the byproducts discharged from sugi wood-drying

process, was obtained from Nisshin Co., Ltd. (Shimane,

Japan). The bottle used to preserve BWP was capped

tightly and kept in the dark at 4 �C until use. BWP was

used for SAD. Prior to gas chromatography/mass spec-

trometry (GC/MS) and gas chromatography/flame ioniza-

tion detection (GC/FID) analysis, BWP was dissolved in

ethyl acetate, was dried over anhydrous sodium sulfate, and

n-heptadecane was added as internal standard. The water

content of BWP used in this study was 24.2 % (w/w).

Chemicals

All chemicals were reagent grade. Triethylene glycol,

palladium-activated carbon (10 % Pd), Wakogel C-300HG

(40–60 lm), and n-heptadecane, were obtained from Wako

Pure Chemical Industries, Ltd. (Osaka, Japan). Silica gel

60G was obtained from Merck (Darmstadt, Germany).

Cellulose powder (40–100 mesh) was obtained from Toyo

Roshi Kaisha., Ltd. (Tokyo, Japan). BSTFA ? 10 %

TMCS (No. 38840) was obtained from Thermo Fisher

Scientific K.K., (Yokohama, Japan). Chloroform-d (99.8 %

atom % D, containing 0.03 % (v/v) TMS), used for nuclear

magnetic resonance (NMR) analysis, was obtained from

Sigma-Aldrich (Tokyo, Japan).

Distillation

Steam distillation

Air-dried sawdust (150 g) of sugi was steam-distilled for

7 h. The distillate containing the volatile organic com-

pounds obtained from the sample was collected using a

condenser. Liquid phase extraction was then performed

under a 1:1 (v/v) ratio of n-hexane/water. Anhydrous

sodium sulfate was then completely dissolved in the or-

ganic fraction sufficiently. After filtration, the volatile or-

ganic compounds were concentrated and the remaining

solvent removed by blowing with a stream of N2 gas. The

volatile organic compounds coming from the steam distil-

lates (SD) were dissolved in n-hexane. n-Heptadecane was

added as internal standard and the mixture was subjected to

analysis by GC/MS (Shimadzu, Japan) and GC/FID (Shi-

madzu, Japan).

Solvent extraction

For solvent extraction, a Soxhlet-extraction apparatus was

used. An 80 g portion of air-dried sample was extracted

with acetone for 7 h. The water in the acetone extract was

removed by adding ethyl ether and saturated saline solution

(acetone extract/diethyl ether/saturated saline solu-

tion = 1:1:2). The organic fraction was dried over anhy-

drous sodium sulfate and the solvent extracts (SE) were

concentrated, and the compounds in the SE were deter-

mined as described above. The compounds obtained by

solvent extraction were dissolved in acetone, n-heptade-

cane was added as internal standard, and then they were

analyzed by GC/MS and GC/FID.

SAD

We selected an apparatus typically used for hydrodistilla-

tion. A 240 g portion of BWP was mixed with water

(1200 g) and triethylene glycol (1200 g) in a separable flask.

The flask was heated using a mantle heater at 100 V. The

temperature was recorded during distillation. First, a boiling

point was reached at 100 �C, and the water distillates (WD)

fraction was distilled and collected using a condenser. Then

triethylene glycol (1200 g) was added to the separation

flask. A second, boiling point was reached at 285 �C, and the
triethylene glycol distillates (TGD) fraction was distilled

and collected through the condenser. The distillation time
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for the WD fraction was 3 h, and for the TGD fraction was

3.5 h. The total volume of the WD fraction was 1160 ml,

and of the TGD fraction was 2200 ml.

Each fraction collected was liquid-phase extracted. The

WD fraction was mixed with the same amount of n-hexane

(1:1, v/v). The TGD fraction was mixed with the same

amount of water and twice the amount of n-hexane (1:1:2,

by volume), and fractionated a total of three times under

the same conditions. Each organic layer was dried over

anhydrous sodium sulfate. After filtration, the distilled

compounds in the WD fraction were determined in the

same manner using N2 gas, and the distilled compounds in

the TGD fraction were determined after drying under re-

duced pressure.

Purification of ferruginol

The purification process for ferruginol is shown in Fig. 1.

The organic layer from the TGD fraction was concentrated

and purified by silica gel column chromatography using n-

hexane/diethyl ether, 9:1, (v/v), as eluent. The eluted

fraction was separated by medium pressure liquid chro-

matography (MPLC) using a normal-phase column (Ya-

mazen ULTRAPACK SI-40 50 mm i.d. 9 300 mm;

mobile phase: n-hexane/ethyl ether, 7:3, (v/v); ShodexRI-

70, detector; EYELA VSP-3050, pump; flow rate 10 ml/

min) and the eluted compounds were then divided into

fractions F1 through F8. To convert 6,7-dehydroferruginol

to ferruginol, the F3 fraction was catalytically reduced. The

reaction product (F30) was poured into a separable funnel

containing cellulose powder (40–100 mesh) and Wakogel

C-300HG (40–60 lm), and filtered by using an aspirator.

Finally, the F30 fraction was divided into F3-1 through F3-3
by MPLC with a reversed-phase column (Yamazen

ULTRAPACK ODS-SM-50 50 mm i.d. 9 300 mm, mo-

bile phase 100 % methanol, with the same detector, pump,

and flow rate used for normal-phase column chromatog-

raphy). The purified ferruginol was in F3-3.

GC/MS analysis

GC/MS was carried out using a GCMS-QP2010 system

(Shimadzu, Japan) set up with an HP-5 column

(30 mm 9 0.25 mm i.d., 0.25 lm film thickness, Agilent,

USA). Helium was used as the carrier gas at a flow rate of

1.61 ml/min. The initial oven temperature was 60 �C, and it
was increased at 3.0 �C/min to 240 �C. The injector tem-

perature was 250 �C and the samples (1 ll) were injected

using a 1:40 split ratio. Mass spectra were taken at 70 eV

and the ion source temperature was 250 �C. The ionization
method was EI and the mass range was from 40 to 500 m/z.

GC/FID analysis

GC/FID was conducted using a GC-1700 system (Shi-

madzu, Japan) attached to a Chromatopac C-R7A plus

recorder (Shimadzu, Japan). An HP-5 column was used for

this analysis. The flame ionization detector temperature

was 250 �C and N2 was used as the carrier gas at a flow

rate of 1.3 ml/min. Other parameters were set as for GC/

MS analysis.

NMR spectrum analysis

NMR spectra were recorded on a JEOL AL400 FT-NMR

spectrometer. Purified ferruginol (50 mg) was dissolved in

0.7 ml chloroform-d. The NMR spectral data were identi-

fied by comparison with data in the literature [12, 13].

Ferruginol: 1H NMR (CDCl3, 400 MHz) d (ppm) = 0.91

(3H,s,H-18), 0.93 (3H, s, H-19), 1.16 (3H, s, H-20), 1.22 (1H,

d, J = 6.8 Hz, H-16), 1.24 (1H, d, J = 6.8 Hz, H-17), 2.76

(1H, ddd, J = 21.4, 10.2, 6.3 Hz, H-7b), 2.85 (1H, ddd,

J = 16.0, 6.2, 1.6 Hz, H-7a), 3.11 (1H, sept, J = 6.8 Hz,

H-15), 4.68 (s, OH), 6.62 (1H, s, H-11), 6.83 (1H, s, H-14);
13CNMR (CDCl3, 100 MHz), d (ppm) = 19.2, 19.3, 21.6,

22.6, 22.8, 24.8, 26.8, 29.8, 33.3, 33.4, 37.5, 38.8, 41.7, 50.3,

111.0, 126.6, 127.3, 131.4, 148.6, 150.6.

Results and discussion

Chemical composition of volatile organic compounds

Samples from steam distillation, solvent extraction, and

BWP were qualitatively analyzed by GC/MS. Volatile

Triethylene glycol distillates (TGD) fraction 

Silica -gel column 
·n-hexane/Et2O = 9/1 

MPLC (normal phase column) 
·n-hexane/Et2O = 7/3 

F1 F2 F3 F4 F5 F6 F7 F8 

Catalytic reduction  

MPLC (reversed-phase column) 
·Methanol  

F3-1 F3-2 

Eluted fraction 

F3-3 (ferruginol) 

Fig. 1 Purification process for ferruginol. MPLC medium pressure

liquid chromatography
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organic compounds were identified by comparing their

relative retention times and mass spectra with those in the

literature [14] and/or the NIST Mass Spectral Library

(Table 1).

In all, 29 compounds were identified in SD, SE, and

BWP. These compounds, which constituted 91.95, 85.38,

and 91.37 % of all GC peaks in SD, SE, and BWP, re-

spectively, were classified into several terpenoid groups:

sesquiterpene hydrocarbons, oxygenated sesquiterpenes,

diterpene hydrocarbons, and oxygenated diterpenes.

In SD, 21 compounds, constituting 91.95 % of total GC

peaks, could be identified. The major fractions were

oxygenated sesquiterpenes (49.42 %) and sesquiterpene

hydrocarbons (34.74 %). The major components of SD

were d-cadinene (20.79 %), 1-epi-cubenol (9.93 %),

cubenol (5.87 %), a-eudesmol (5.44 %), and cryptomeri-

one (3.59 %). Saito et al. [15] reported that the main

component of C. japonica wood oil obtained by steam

distillation is d-cadinene (30.45 %).

In SE, 22 compounds were identified, constituting

85.38 % of total GC peaks. Oxygenated diterpenes

(42.90 %) and oxygenated sesquiterpenes (35.81 %) were

the predominant constituents of SE, and included cubebol

(17.07 %), ferruginol (14.24 %), sandaracopimarinol

Table 1 Chemical composition

of steam distillates (SD), solvent

extracts (SE) and samples of

byproducts discharged after

wood-drying processes (BWP)

a Relative retention time (RRT)

was calculated based on the

retention time of n-heptadecane

(internal standard)
b Kovats index was cited from

the reference data [14]
c Not detected

No. Compound RRTa KIb Relative peak area (%)

SD SE BWP

1 Muurola-3,5-diene\trans-[ 0.73 1453 1.54 –c –

2 Amorpha-4,7(11)-diene 0.76 1481 3.00 – –

3 Muurola-4(14),5-diene\trans-[ 0.78 1493 3.92 0.38 –

4 epi-Cubebol 0.78 1494 3.49 6.23 3.31

5 a-Muurolene 0.78 1500 3.92 1.85 0.71

6 Cubebol 0.80 1515 4.29 17.07 4.18

7 d-Cadinene 0.81 1523 20.79 2.29 3.58

8 Cadina-1,4-diene\trans-[ 0.82 1534 1.57 – –

9 Elemol 0.84 1549 4.65 1.75 1.16

10 Gleenol 0.88 1587 1.26 – –

11 1-epi-Cubenol 0.92 1628 9.93 1.14 2.70

12 c-Eudesmol 0.93 1632 2.20 0.51 –

13 Cubenol 0.94 1646 5.87 – 2.18

14 a-Muurolol 0.94 1646 2.17 0.40 1.01

15 b-Eudesmol 0.95 1650 5.30 1.53 1.68

16 a-Eudesmol 0.95 1653 5.44 0.87 1.26

n-Heptadecane (internal standard) 1.00 1700

17 Cryptomerione 1.02 1724 3.59 1.64 1.23

18 Cryptomeridiol 1.11 1813 – 0.61 –

19 Bisabolatrien-1-ol-4-one\2,7(14),10-[ 1.14 1845 1.23 2.67 1.51

20 11-Acetoxyeudesman-4a-ol 1.23 1939 – 1.39 1.26

21 Sandaracopimara-8(14),15-diene 1.26 1969 – 0.46 1.11

22 Manool 1.34 2057 – – 2.04

23 Abietadiene 1.36 2087 0.69 1.69 6.39

24 Sandaracopimarinal 1.44 2184 1.34 3.62 6.08

25 Phyllocladanol 1.47 2210 – – 5.59

26 Sandaracopimarinol 1.51 2269 3.58 13.89 18.74

27 6,7-dehydroferruginol 1.55 2315 – 10.13 7.97

28 Ferruginol 1.56 2332 2.18 14.24 16.45

29 3-a-acetoxy-Manool 1.58 2360 – 1.02 1.23

Sesquiterpene hydrocarbons 34.74 4.52 4.29

Oxygenated sesquiterpenes 49.42 35.81 21.48

Diterpene hydrocarbons 0.69 2.15 7.50

Oxygenated diterpenes 7.10 42.90 58.10

Total identified components 91.95 85.38 91.37
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(13.89 %), 6,7-dehydroferruginol (10.13 %), and epi-cube-

bol (6.23 %). Cubebol and epi-cubebol have mosquito lar-

vicidal activities [16], and cubenol, epi-cubenol, cubebol are

termiticidal [17]. Noting the quantity of these compounds in

SD and SE, it was suggested that cubebol could be dehy-

drated and changed to d-cadinene [18]. Nagahama and

Tazaki [19] reported that the main components of C. japo-

nica wood oils obtained by solvent extraction are ferruginol

(13.5–30.8 %) and sandaracopimarinol (12.3–32.1 %).

In BWP, 22 compounds, constituting 91.37 % of the

total peaks, were identified. Oxygenated sesquiterpenes and

oxygenated diterpenes were the most abundant constituents

(21.48 and 58.10 %, respectively). The main constituents

of BWP were sandaracopimarinol (18.74 %), ferruginol

(16.45 %), 6,7-dehydroferruginol (7.97 %), abietadiene

(6.39 %), and sandaracopimarinal (6.08 %). Sandaracopi-

marinol has antimicrobial activity [20] and termiticidal

activity [21]. Ferruginol also shows antimicrobial activity

[13, 20], antioxidant activity [22], gastroprotective and

ulcer healing effects [23], and termiticidal activity [24].

Sandaracopimarinol and ferruginol show synergistic inhi-

bition of shiitake mycelial growth [25]. 6,7-Dehydrofer-

ruginol is a compound related to ferruginol, and has

antifungal activity [26]. Abietadiene shows an effect on

human electroencephalograms [27]. This chemical com-

position is typical of BWP. Interestingly, oxygenated

diterpenes consisted of approximately 60 % of this frac-

tion. The types of components were similar to those of SE.

Fig. 2 Gas chromatogram of

samples of byproducts

discharged after wood-drying

process (BWP), water distillates

(WD) fraction, and triethylene

glycol distillates (TGD)

fraction. I.S internal standard (n-

heptadecane), F ferruginol. The

peak numbers on Fig. 2 are

corresponded to Table 2
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Purification of volatile organic compounds from BWP

We developed a new distillation method, referred to as

the solvent-assisted distillation or SAD, to purify the

volatile organic compounds contained in BWP. Water

and triethylene glycol were mixed and used for the

distillation as solvent. Sesquiterpenes and diterpenes

were separated in the WD fraction and the TGD frac-

tion, depending on the boiling point of the solvent. As

shown in Fig. 2 and Table 2, sesquiterpenes and diter-

penes contained in BWP were divided into two fractions

by SAD, implying that this method is well suited to

separating volatile compounds that have high boiling

points.

Table 2 Chemical composition

of samples of byproducts

discharged after wood-drying

process (BWP), water distillates

(WD) fraction and triethylene

glycol distillates (TGD) fraction

a Relative retention time (RRT)

was calculated based on the

retention time of n-heptadecane

(internal standard)
b Kovats index was cited from

the reference data [14]
c Not detected

No. Compound RRTa KIb Relative peak area (%)

BWP WD TGD

1 a-Cubebene 0.61 1351 –c 2.30 –

2 Muurola-3,5-diene\trans-[ 0.73 1453 – 3.56 –

3 Dauca-5,8-diene 0.75 1472 – 6.10 –

4 Muurola-4(14),5-diene\trans-[ 0.78 1493 – 5.99 –

5 epi-Cubebol 0.78 1494 3.31 1.91 –

6 a-Muurolene 0.78 1500 0.71 4.77 –

7 Cubebol 0.80 1515 4.18 1.86 –

8 d-Cadinene 0.81 1523 3.58 30.57 2.43

9 Cadina-1,4-diene\trans-[ 0.82 1534 – 3.09 1.04

10 Elemol 0.84 1549 1.16 2.36 0.64

11 Gleenol 0.88 1587 – 1.27 –

12 1-epi-Cubenol 0.92 1628 2.70 6.93 1.79

13 c-Eudesmol 0.93 1632 – – 0.84

14 Cubenol 0.94 1646 2.18 5.44 2.04

15 a-Muurolol 0.94 1646 1.01 1.58 0.99

16 b-Eudesmol 0.95 1650 1.68 1.91 1.83

17 a-Eudesmol 0.95 1653 1.26 2.30 1.46

18 a-Cadinol 0.95 1654 – – 0.73

n-Heptadecane (internal standard) 1.00 1700

19 Cryptomerione 1.02 1724 1.23 1.34 1.15

20 Bisabolatrien-1-ol-4-one\2,7(14),10-[ 1.14 1845 1.51 – –

21 11-Acetoxyeudesman-4a-ol 1.23 1939 1.26 – –

22 Pimaradiene 1.24 1949 – 1.67 –

23 Isophyllocladene 1.26 1967 – – 7.96

24 Sandaracopimara-8(14),15-diene 1.26 1969 1.11 – –

25 Phyllocladene 1.30 2017 – – 3.48

26 Abietatriene 1.34 2056 – 0.87 2.58

27 Manool 1.34 2057 2.04 – –

28 Abietadiene 1.36 2087 6.39 4.62 6.70

29 Sandaracopimarinal 1.44 2184 6.08 1.57 5.14

30 Phyllocladanol 1.47 2210 5.59 0.81 –

31 Sandaracopimarinol 1.51 2269 18.74 2.14 26.75

32 6,7-dehydroferruginol 1.55 2315 7.97 – 5.51

33 Ferruginol 1.56 2332 16.45 1.28 19.68

34 3-a-acetoxy-Manool 1.58 2360 1.23 – –

Sesquiterpene hydrocarbons 4.29 56.38 3.47

Oxygenated sesquiterpenes 21.48 26.90 11.47

Diterpene hydrocarbons 7.50 7.16 20.72

Oxygenated diterpenes 58.10 5.80 57.08

Total identified components 91.37 96.24 92.74
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In the WD fraction, 24 compounds were identified in

total, constituting 96.24 % of GC peaks. Sesquiterpene

hydrocarbons (56.38 %), and oxygenated sesquiterpenes

(26.90 %) were the main components of the WD fraction.

The major components were d-cadinene (30.57 %), 1-epi-

cubenol (6.93 %), dauca-5,8-diene (6.10 %), trans-

muurola-4(14),5-diene (5.99 %), and cubenol (5.44 %).

After distillation, the contents of epi-cubebol and cubebol

content decreased, whereas that of d-cadinene increased

(Table 2). From this result, it was suggested that dehy-

dration occurred during distillation, like the previous study

of steam distillation [18].

In the TGD fraction, 19 compounds constituting

92.74 % of the GC peaks were identified. Diterpene hy-

drocarbons (20.72 %) and oxygenated diterpenes

(57.08 %) were the main categories. The principal

constituents were sandaracopimarinol (26.75 %), fer-

ruginol (19.68 %), isophyllocladene (7.96 %), abietadi-

ene(6.70 %), 6,7-dehydroferruignol (5.51 %), and

sandaracopimarinal (5.14 %). Isophyllocladene was not

included in BWP. Similarly, some compounds that were

not in the BWP were found in the WD and TGD fractions,

but it is not clear why this occurred. The total yield, in-

cluding the WD fraction (23.5 g, 9.8 %) and TGD fraction

(113.1 g, 47.1 %), was 56.9 % of BWP (240 g). Most of

the ferruginol contained in BWP was recovered in the TGD

fraction by SAD. Kano et al. [24] reported that the amount

of ferruginol was maintained after high-temperature

drying.

Ferruginol is considered to have high commercial po-

tential because of its various bioactivities. We attempted to

conduct large-scale purification of ferruginol using MPLC

Table 3 Yield of ferruginol obtained from sample at each purification step

Step Yield of purified sample Ferruginol

(g) (%) Contentd (g) Recovery (%) Purity (%)

BWPa 240.0 100.0 36.8 100.0 20.2

SAD (TGD)b 113.1 47.1 27.9 75.8 25.0

Silica gel column 95.4 39.7 25.0 67.9 26.2

NP-MPLC (F3) 18.9 7.9 15.9 43.2 84.0

Reductionc 18.3 7.6 17.6 47.7 96.1

RP-MPLC (F3-3) 12.7 5.3 12.7 34.5 99.8

a Original samples of byproducts discharged after wood-drying process
b Triethylene glycol distillates (TGD) fraction obtained by solvent-assisted distillation
c Conversion of 6,7-dehydroferruginol into ferruginol by catalytic reduction
d The amount of ferruginol was calculated by GC/FID analysis using n-heptadecane as internal standard

Fig. 3 Conversion of 6,7-

dehydroferruginol into

ferruginol by catalytic

reduction. GC–MS analysis was

performed after trimethylsilyl

(TMS) derivatization
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for such industrial applications. The purification steps and

yield of ferruginol are shown in Table 3. After preliminary

purification using a silica gel column, the TGD obtained by

SAD from BWP were separated by normal-phase MPLC.

In the following step, 6,7-dehydroferruginol, which is dif-

ficult to separate from ferruginol, was converted into fer-

ruginol by catalytic reduction (Fig. 3). Finally, reversed-

phase MPLC was performed, and ferruginol was purified

from the original BWP at a yield of 5.3 %. As mentioned

above, ferruginol exhibits several biological activities, in-

cluding antimicrobial activity and antioxidant activity.

However, since the basis of these activities remains un-

clear, an investigation of these activities should be under-

taken in the future.
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