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INTRODUCTION 

Termites which are predominantly distributed in the tropical 

and temperate zones of the I<~Orld are social insects comprising 

the order Isoptera contains approximately 2500 species. Although 

they are commonly called "1-1hite ants" in Japan only because of 

their color and resemblance to ants in behavior, they are more 

closely related to cockroaches IBlattariae: Dictyoptera (in 

Neoptera l] than to the true ants ( Formicidae: llymenoptera) in 

taxonomy. They are occasionally called "soc1al coc k roaches" by 

biologists. Ants are social insects belonging to order 

Hymenoptera of llolometabola, 1.thile the Isopteran insect (i.e. 

termites) are lleterometabola l.thich are relatively primitive in 

evolutlonal taxonomy. Thus, termites systematically dilt'fer from 

Hymenopteran social insects (i.e. ants, bees and wasps). 

Sixteen termite species have been found in Japan so far. Of 

these, two subterranean termite species, Re ti cul i termes spera tus 

(Kolbe) and Coptotermes formosanus Shiraki which belong to family 

Rhinotermitidae in lower termite are widely distributed and known 

as serious pests to l.tooden structures. The former species is 

distributed from the southern islands to the southern part of 

Jloldtaido prefecture in Japan. They generally attaclt damp fungus­

infected Hood Hithout any obvious nest and population size of a 

colony is relatively small (ca. 100,000). While the distribution 

of the latter species is relatively limited in the warm regions. 

They built rigid carton nest and can attack damp andl dry wood 

very aggressively and the population size of a colony is much 

larger (ca. 1,000,000). In both species, observed the several 

castes Reproductives (First-form reproductives: Queen and 

lUng), Pseudergate (false l.torlter), Soldier, Nymph, Larva, 

Replacement reproductives are usually found in a colony, and the 

pseuderga tes have plenty of intestinal symbiotic protozoa, and 

the termites can attack cellulosic materials such as wood, paper , 

plants, etc. Hith the aid of such symbiotic rnicroorgan•sms. 
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Economic losses c aused by termite attacks are roughly 

estimated to be equivalent to those of fire in Japan where many 

wooden structures are available for the subterranean termites. In 

the U.S . A. , the annual cost related to termite contt·oJ pt·obubly 

exceeds 750 million dollars (Beal et ol. 1983) . Thus, termite 

control is very realistic and serious for t h e human life. 

Prevention and control of termite attack has been primarily 

depend on chemic a I I. rea tmen ls so far. Organochlorines have been 

used as the most effective termi ticides. Those ~~ere aldrin, 

chlordane, dieldrin and heptachlor. llowevet·, detrimental side 

effects 1~hich 1o~ere released by the recent environmental survey 

and toxicological studies would not allow the use of 

organochlorine termi tic ides any more 

Despite a lot of effo 1·ts to search 

termiticides, an effective and safe 

developed yet. Because in general 

in the most of the '"orld. 

f or replacements for the 

replacement has not been 

insecticides are toxic to 

organisms and environmentally 

develop a new control method 

detrimen tal, it is necessary to 

from th e different vie1o~po in ts . 

Apart from the development of novel low toxicity termiticides, it 

seems particularly important to investigate biology, physiology 

and ecology of termites in order to find a clue of the future 

termite control methods. 

Termite life style is so highly socialized lhat we are apt 

to talte it as if they had a certain intention 1o~hen observi ng 

their behavior and activity. 

into various morphological 

The individuals are differentiated 

forms (polymorphism) or c astes 

(polyethism) so that 

biological functions. 

units , the societies 

they share the roJes performi na different 

Thus, they establish highly integrated 

or colonies . With the i ncrease of the 

observatory kno~o~ledge on termite behavior, the importance of 

chemical communication among termite i nd ividuals was recognized 

from the biological aspects. 

Generally 

recognized in 

spea lt i ng, 

the insect 

chemical signal substances are ~o~ell 

~o~orld, and a term "semiochemloals" is 
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now firmly established. Due to the recent devefopment of the 

analytical instruments, the presence of the sem1ochemicals could 

have been precise ly demonstrated. These chemicals are 

functionally divided into two groups allelochemicals (eg. 

Jrairomones, allomones) if semiochemicals act interspecifically, 

and pheromones if act in traspeci f ically (Birch & llaynes 1982) . 

The term "pheromone" first appeared in the literature over 

30 years ago to mean compounds which acted as intraspecific 

chemical messengers (Karlson & LGscher 1959) . The term was later 

defined as f ollows : 

"Pheromones are c hemical substances which are secreted to 

the outside by an individual and received by a second individual 

of the same species in which they release a specific reaction, 

for example, a definite behavior or developmental process" 

(Karlson & Luscher 1959). 

The first identified insect pheromone, was "bombyl<ol" 

extracted from virgin females of silkworm moth, Bombyx mori 

(Dombycidae : Lepidoptera) i n Germany (Karlson & Dutenandt 19 59) . 

Pheromones which are involved in the behavior and 

phys lolog ical processes of insects resu 1 tan tly induce the 

increased reproductive success. Insects use the pheromones for 

the intraspecific communica tion to locate food, habitats and 

mates as well a s escaping from predation. Since Karlson and 

Lusc her ( 1959) initially defined the ph e r omo n es only 30 years 

ago, a plenty of pheromones have been isolated and identified by 

no1o1, Ph e romones are func tionally divided in to t~o~o groups, i.e. 

pr imer pheromones and releaser pheromones ( 13i rch & Haynes 1982}. 

The former relates to trigger long term and irreversible 

physiological changes . "Queen substance" of honeybees (Butler 

1967 i Gary 1974) which act as mediators of cast differentiation 

and molti n g is a good example of the primer pheromones. The 

latter r eleases rather immediate behavioral patterns as sho~o~n by 

St!X attractants. Th ose 

pheromone , 

are designuted as 

dispersal or spacing 
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pheromone, trai 1 or recruit pheromone and ma tura ti on pheromone 

(Birch & Haynes 1982). 

Although in early days biochemical approaches were far behind 

other biological studies, the pace of biochemical investigators 

have been very much accelerated with the advance of accuracy in 

chemical analysis. Data obtained using laboratory colonies 

obviously showed that almost every aspect of termite behavior is 

mediated by chemical signals. Thus, it is particularly important 

to investigate physiological and ecological roles of termite 

vheromune from chemical viewpoints. While only a few termite 

pheromones have been isolated and chemically identified (Karlson 

et al. 1968; Matsumura et al. 1968; Birch et 81. 1972) . The 

effects will be directly or indirectly leading to the development 

of novel termite control methods with new concepts. Considering 

various functions and efficiency of the pheromones, "trail 

pheromone" seems worthy of examination as it is applicable for a 

bait-block technique as an attractant (Prestwich et 81. 1982). 

Trail pheromones are common in the social insects, 

especially true for the ants and termites. When food or water 

source is located near a frontier individual termite (worker o r 

soldier) , the individual usually lays down a pheromonal trail on 

the way back to the colony so that other members can follow the 

path to the source (MacFarlane 1983) . Trail pheromones can also 

facilitate territorial behavior (e.g. migration) of the colony. 

Following a few early observations suggesting that certain 

substances might induce trail-following behavior (Grasse and 

Noirot 1951; Luscher and Muller 1960), te rmite trail pheromone 

was first demonstrated by Stuart (1961,1963,1969). Ants secrete 

trai 1 pheromones from a several glandular sources, e .If. poison 

glands, tarsal glands, Dufour's glands, Pavan' s gland and the 

hind gut, while termites do only· from a sternal gland on t h e 

ventral surface of lhe abdominal sternile. According to Noirot 

and Tim o thee ( I 9 6 5 ) , M 8 s to term e s d 8 r win i ens i s Frog g a t t 

(Mastotermitidae) possess three sternal glands on the middle 
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h h . d f th and f1'fth sternites. Stolotermes, portion of t e t 1r , our , 

( T · d e) and Hodotermes ( Hodoterm1 Lidae l have a Porotermes ermops1 a 

single gland on the fourth sternite, and all other termites have 

one at the base of the fifth sternite. Sternal gland extracts of 

several these termites have been shown to possess trail-following 

activity (Luscher & Muller 1960; Stuart 1963; Smythe & Coppel 

1966; Moore 1970). Termites might secrete a trail pheromone from 

·tt tl 1'f necessary. Much the gland continuously or interm1 en Y 

th h logl·cal and behavioral research has been made on e morp o 

aspects of trail-following. In contrast, only ~ few trail 

pheromones have been identified chemically. Moore ( 1966' 1969) 

was the first to isolate a trail pheromone from whole body 

extracts of N8suti termes exi tiosus (llill) (Nasutilermitinae: 

Termitidael and identified it as the unsaturated diterpenoid 

hydrocarbon c
20

u32 (neocembrene-A: Birch et al. 1972). Karlson et 

al. ( 1968) also isolated a trail pheromone from whole body 

· d sJ·s 'lagen (Termopsidae), and extracts of Zootermopsls neva en T 

identified as n-caproic acid (n-hexanoic acid). 

biological activity did not satisfy the species. 

llo11ever its 

Trail pheromone studies of family Rhinotermitidne show a 

most interesting development. The termites are known to be 

f d d Partl·cularly those associated IJith attracted by oo o ors, 

fun~.tus-infected I.JOod. Extracts from those materials show high 

truil-following activity that was indistinguishable from the 

t (E t})er et Bl 1961·, Smythe et al. 1965). termites ex trac s sen · 

Both the rhinotermitid termite Reticulitermes vit·giniclls (Ban\{S) 

and the bro\•n rot fungus Gloeophyllum trabellm ( Pers • ex Fr ·) 

Murr. possess utmost the 

the latter identified 

similar trail-following substances , and 

as (Z , Z,E)-3,6 , 8-dodecatrien-1-ol 

(hereinafter referred to as D'I'E-011) (t-1alsumura et al. 1968, 1969). 

OTE-011 successfully induced the trail-following of several 

9 8 2 P t · h e t ., 1 I 9 8 3 ·, ~1c Dowell termites (Traniello et al. 1 ; res w1c ... · • 

& Oloo 1984; llall & Traniello 1985) and termitophiles (Howard 

1980). That was one of the first examples of a non-species 
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specific pheromone nlatsumura et. al. 1971). A variety of syn­

thetic chemical analogues of OTE-OH was proved to elicit the 

trail-following response of rhinotermitids to some extent CTai et 

al. 1971; Ritter et al. 1973,1975,1977; Prestwich et al. 19134). 

As briefly reviewed above, if the same trail-following 

substance is obtained from both decayed wood and termites, it is 

not clear Hhether the trail pheromone is synthesized in vivo or 

is directly derived ft'om the food source (decayed wood). 

Although puri fled sternal gland extracts appear to yield acli ve 

substance that might be just tra1l pheromone, it still has not 

been exactly pt'oven that termites biosynthesize DTE-011 in the 

sternal gland, as yet . 

According to Howard et. al. (1976), five t'equirements must 

be met in the experimental testings in order to authenticate 

trail pheromones (1) high biological activity, (2) localization 

in an expected biosynthesizing organ C= sternal gland), (3) 

active deposition on a substrate, (4) chemical identity of the 

deposited materials Hith the stored substances in the organ, and 

(5) biological identity of response to deposited and stored 

c hemica) s. They strongly insisted o n the presence of authentic 

trail pheromones of R. ''irginicus, R. flavipes, and R. tibialis, 

and suggested the possibility of such a pheromone in C. 

formosanus as ~~ell. 

The indispensable step to fully understand the significance 

and importance of trail pheromones is to supply, accurate 

information on the biosynthesis of the pheromones. In this 

dissertation, the two predominant subterranean RhinotermiLid 

te r m i L e R . s per a t us and C . formosan us were served for 

demonstrating the presence of trail pheromones. PART 1 deals HiLh 

the Lrall-following activity by bioassay . Isolation and 

identification of the trail pheromone was discussed in PART II. 

Trai I pheromone prec ursors ~~ere examined fot' proving the 

biosynthesis of Lhe trail pheromone by each termite in the final 

pat't. 
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Chapter l Modified Open-Field Bioassay 

Chapter 2 Modified Choice Bioassay 
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.. 

Chapter 1 Modified Open-Field Bioassay 

1. l Introduction 

Bioassay is a well known technique to examine the behavior 

of insects Hhen a certain stimulus is given to them. Termite 

trail-following activity was assayed by Stuart (1963) approxi­

mately 30 years ago. Since then , a number of bioassay results has 

been published. 

Bec ause termite trail pheromone elicits a very obvious 

trail-following behavior even if the amoun t is very small , it is 

relatively easy to detect the pheromone in termite bioassays . 

Careful bioassays, therefore, can supply appropriate information 

on the follows : the threshold concentration (available quantity) 

followed, the range of concentrations followed, the percentage 

folloHing, the speed of following , and the optimal concentration. 

As was pointed out earlier (Matsumura et al . 1972; Tai et al. 

1971 ; Ritter et aJ. 1977; Prestwich et al . 1984), the similarity 

and difference 

analogues could 

stages . 

between the true 

be demonstrated in 

trail 

the 

pheromone and their 

repeated bioassays in 

Open-Field bioassay was first developed by Smythe et al. i n 

1967 to detect a trail following substance of a fungus, G. 

trabeum. t-la tsumura et al. ( 1968 , 1969) who worlted on the trai 1 

p heromone of R . virginicus could successfully apply in the course 

of isola Lion of their target substance, DTE-011. Afteruards, the 

technique was modified by llo•~ard et. al. (1976) and Prestwich et 

a .l. (1984) in order to malce the method more reliable. 

In t his experiment , ne1-1ly modified Open-Field bioassay, 

Hhich HaS rather similar to the Prestuich and other's, was 

employed to detect trail pheromones of Japanese subterranean 

termites (Tolcoro et al. 1989,1990a,199! , 1992a). 

- 7 -



I 
~ . 
I , 

l 

.. 

Pig. 1-1 Test ter•ites 

Retlculitermes speratus (Kolbe) - a: Worker , b: Soldier 
Coptotermes formosanus Shiraki - o: Soldier, d: Worker 

1.2. Materials and Meth ods 

1.2. I Preparat i on and maintenance of Lest t ermites 

(1). Rct.iculit.rrmcs Rpcratus (Ko l bc)(Fi.q. l - l,(n) and (b)) 

T~tmilP~ of R. sper8Lus were obtained from five co l o nies 

(A-F). TIJO Jar.ste colonies A and B ,,ere collected at the campus o f 

l{~·ot..o lnqLj I uLP of T~chnology in the n o rthern part.. o f Kyoto city , 

and l.~<o smRJl <'olonies, C and 0 at.. the campus o f l{ yot.o Uni versity 
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in Uji city, one small colony E at Iriomote island in Okinawa 

prefecture. Those were transported to the laboratory. Individual 

termi tea from two colonies A and B were carefully taken out of 

the timber for extraction in the laboratory. The remaining 

termites from colony B with the timber were kept at 20 ~ z•c and 

50 ~ 5~ relative humidity (RH) under moistened condition in the 

laboratory over three months until they were subjected to 

modified "Open-Field" bioassay. The termites from colonies C, D 

and E with the timber were 

under moistened condition 

they were subjected to 

kept at 26 ~ 2•c and ca . 

in the laboratory over a 

preliminary experiments 

60 ~ 5% Rll 

month until 

and further 

bioassay "Y-tesl" which will be mentioned later . In this 

investigation, the test lermi tes were undifferentiated 

pseudergates older than third instar as determined by the size of 

termite body (hereinafter referred to worker). Test individual 

workers from co lonies A and B for whole body extraction (PART II, 

Chapter 3) had been fed with moistened filter paper as food 

source for about five hours to minimize food or nest odor 

con lamination be fore ex traction. The workers for bioassay were 

placed in a Petri dish with a moistened filter paper for one hour 

prior to bioassay. 

Other worker termites (200 individuals) used for sternal 

gland excision '~ere immobilized in a refrigerator at -20• C for 

ten hours. T\./0 hundred abdominal fift..h-st..er' nites at 1~hich the 

s lerna 1 gland was positioned were carefully di ssec led from t..he 

bodies of worker termites under a binocular steeeoscopic 

microscope . The dissected parts were extracted Hi lh n-hexane as 

sternal glanrl extract . 

(2). CoptoLermes formosanus Shiraki (Fig.l -l ,(c) and (d)) 

Colonies of C. formosanus were collected in \.Jal<ayarna city 

(Japan) and l<ept in the laboratory of Wood Research Institute, 

Kyoto University for about seven years (colony F), t..en years 
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(colony G) and LHel ve years (colony II) Hi th Japanese red pine 

(Pinus densiflora Sieb. et Zucc.) as food source at 28+2•c and 

ca. 80% Rll. Undi fferent ia ted pseudergates ( hereinafter referred 

to Horkers) and soldiers were selected for the present investiga -

lion. The 1•orkers were placed in a Petri dish with 

filter paper for o ne hour prior to bioassay. 

moistened 

Test individual workers f or whole b od y extraction (PART II, 

Chapter 4 and 7) had been fed with moistened filter paper as food 

source for about five days so that the mater i als i n the termite 

intestine ~.tere replaced with filter paper before extra ction . It 

was confi rmed by microscopic observation that t he i ntest i nal 

materials were completely substituted with filter paper within 

five days . 

Other test termites (ca. 20,000 individuals) collected from 

colony F used for sternal gland excisio n were fed o n ly with 

moistened filter paper as f ood source for about o ne year (colony 

I) • The dissection procedure was the same as i n t he c ase of R. 

speratus. Extraction methods of each sample will be detailed in 

PART II and II I . 

1.2 . 2. Authentic alcohols 

Twelve authentic alcohols were also tested f or their trail -

following activity. Those were DTE-OH and (Z,E,E)-3,6,8-

dodecadien-1 -o l ( (Z,E,E)-DTE-OH) supplied by Dr. 11. Yamamoto 

!Nagoya Uni versity); (Z,Z)-3,6-dodecadien-1-ol ((Z,Z)-3,6-DDE-011 ) 

(Z)-3-dodecene-1-ol 1· d b D supp 1e y r. 0. D. Prestwich (State 

University of New York at Stony Brook) Isomers of 

6 • 8-dodccadien-1-ol ( 6 , 8-DDE-011) supplied by Dr. T. Ando (Tokyo 

Un iversity of Agriculture and Technology) and others were 

purc hased from Nacala1· Tesque INC. (NT! K t ; yo o, Japan). Che mi c al 

solutions were p r epared with n-hexane and the test concentrations 

are shown in Table l-1-3 together with bioassay results. 
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b -
c --+--1-:.,.__ __ __, 

d -1--1----.. 

e --l--~--~~ 

f --4--\---/ 

Fig. 1- 2 So heae of Modified Open-Field bioassay 
a: Pine quality olay coated paper, b: Petri dish lid 

(1,6 x 9 oa i.d.) , o: Pencil g uide line (16 ca long) , 

d: Opening , e: Test worker , f: Plastic c y l inder 

(1 x 1 .6 oa i . d . ) 

1 . 2.3. Modification of Open-Field bioassay 

A modifi c ation of the Prestwich and others'et a1.(1984) 

modified Open-Field bioassay (Howard et sl . 1976) was used to 

establish threshold respon se levels for trail-following. As shown 

in Fig . 1-2 , 2 )Jl of a dissolved sample ~.tas streaked along a 

ci r cle with a diameter of 4 . 7 em (ca. 15 em long) of penc il guide 

line drawn on slight absorbent fine quality clay coated paper, OK 

coat 135K (Oji Paper Co . Ltd., Tokyo, Japan) with a 5 )Jl­

micropipette. After evaporation of solvent (ca. 2 min later), a 

plastic cylinder (1 x 1.5 em i.d.) Has placed on the paper at a 

left side o f the test arena. Two openings of the cyli nder 

directed t he termite toward the tes t arena. A single test termite 

was t hen introd uced into the cylinder, and a red colored Petri 
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dish lid (1.5 x 9 em i.d.) was placed above it in order to 

minimi z e th e influenc e o f air movements and light. 

lvhen a l e st termite succeede d in moving along the sample 
s t realt e d c irc le within L1~0 minutes, it was considered that. a 

"bas ic a c t i vi t y " 1~as induc ed. Thre e termites were tested on eac h 

p i e c e o f paper, c onstituting one replicate, in order· to minimize 

additional trail pheromone deposition. Ten repli c tllions (three 

t ermites per repli c ate) '~ere tested with each sample (e.g. c rude 

ex t racts o r authentic al cohols). Bioassays were c arried out at 

appro ximRlPly 20•c and SO X RH f o r R. speratus and 26•c and 60X Rll 

f o r C . f o rmo sanus both under the fluorescent lighting to estimate 

the trail-following a c tivity. No termite was used for more than 

o ne bioassay in 24 hours. When o ver one third of test wo rk e r 

t e rmites sho wed the complete trail - f o llowing a c tion, the sample 

was c onside red to have elicited a positive response. Various 

levels of sample conc entration were prepared to determine the 

"minimum effective worker equivalent" (MEWE (worker equivalent 
/15 em-trail)). 

1.3 Results and Discussion 

Altho ugh Smythe et al. (1967) t o ok a semicircular trail line 

and a group of termites at a test for evaluating trail-following 

a c tivity in an original Open-Field bioassay , Prestwich et al. 

(1984) later used a single worket" termite instead of a termite 

b e havior. Preliminary trial with Japanese termites by the 

group to minimize the gt"oup effect and/or mutual 
following 

o riginal method also proved that following behavior 
(tandem 

ruuning) was sometimes induced when tested with a group. 
Therefore , a single termite worker was employed at a test in the 

present investigations. In addition, C. formosanus were found to 

e xhibit a different movement in comparison with R. speratus. R. 

speratus often turned around and returned toward t h e starlin" 
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h the amount of trail point even w en 

available along the trail semicircular 

following substance was 

line. While a fewer C. 

ld take Such mo vemen s u so formosanus wou t b t me Occasionally run 

away from the sample streaked line • In consideration of such 

cases a circular line was employed this lime. 

Table 1-1 Trall-followln« reeponae or R. aperatua workera to whole body exlraote 
d .. ulbcnllo alc ohol• evaluated in • odlfied •nd •t.o.-Hr~l l!llood extrac t.• an 

Open- Fleld bloa•••T 

Subetenoea Peroentn11e r o l lowlnl (per 30 worker• I 

0 - I 6x-Z -2 5x - 3 3 - 4 Whole bodT ex. 3ft 2 I 
(IIBb/16 o a -trell ) 

Colon lea A+B 10.0 80.0 10 13.3 63.3 26.7 10 11.7 0 0 
(7)0 (0) IOI (01 (I) ( 4) ( 81 (8) 

ColonT C 23.3 16.7 100 100 93.3 86.7 46.7 20 3.3 0 
( 4) IO) IO) IOl (0) (0) ( 21 ( 5) I 9 I 

0 - I 6x-2 -2 5x- 3 -3 - 4 Sternal 11land ex. 3" 2 l 
(IIBb/16 o a - trall) 

Colony 8 - 13.3 100 96.7 76.7 16.7 6.7 3.3 0 0 
(0) (0) 10) (0) (6) (8) (II) 

Authentlo alcoho l o• - I -2 -3 - 4 -6 -6 -7 -8 
1}'11/16 c a -t rail) 

( Z, Z, B) -OTB-011 0 13.3 86.7 100 100 13.3 76.7 43 . 4 0 
( 7) (0) (0) (0) (0) (0) I 2 I 

( Z,B,B)-DTB- 0 11 - 83.3 93.3 83.3 86.7 16.7 6.7 0 0 
IO) (0) (0) 10) ( 6) (81 

(Z,Z) - 3,6- DOB- 1- ol 0 73.3 86.7 83.3 60 0 0 - -
(0) 101 (OI (II 

(Z,Z) - 6,8-DDR- 1- ol - 86.7 13.3 0 0 
( 0) ( 7) 

IB,B)-6,8-0DR- 1- ol - 83.3 3.3 0 0 
10) ( 9) 

IB,B) - 8,10- DDB- 1- ol 50 76.7 0 0 -
( 2) (I) 

(Z) - 3-dodecen- 1- ol 6.7 83.3 63.3 10 0 
(8) 101 I 2 I (8) 

1- dodecenol 33.3 56.7 0 0 
1- undeoenol 66.7 6.7 0 0 
1- trldeoanol 60 0 0 0 
1- letrftdecenol 6.7 0 0 0 
l-penlodeo01nol 0 

.. : The valueR - I ns quantllT• 

b: Worke r equlvolenL. b h 1 
r eplicate) LhoL ehowcd no trall foll owlnl e av or 0 : NuMber o f Lhrcc Leraltee' 1roup (one 

le ehown in the parentheBee. 
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Trail - f o ll o wing a c tivities of whole body extrac ts, sternal 

gland e xtracts ond authentic trail pheromone analogues are sho1.m 

in Tables 1 - 1 ~3 . As sho wn in Table 1-1 , the hexane extrac ts of 

wh o l e b odi es o f R. speratus obtained from colony A and B 

e xh i bite d remarkabl y h i gh a c t i vities in the range from JOO to 0.1 

WE/ 15 e m- trail. Acco rding to the definition of MEWE desc ribed in 

th e sec t ion 1. 2 .3 MEWE was 0 . 1 WE/15 em-trail. That was identical 

~~i th tha t o f sternal gland extract (Table 1-1), and statistical 

analysis ( t - test) did n o t show any significance at 95X confidence 

limit. As f o r the Lest termites fl·om colony C, t-IEWH was 0, 01 

WE/15 e m-trail, that was much lower than the above figure for 

co lonies II and B. The results suggested that trait-following 

activity and the amount of pheromone available per individual 

wo rker wo uld vary among co lonies. 

In regard t o C. formosanus, the hexane extracts of whole 

bodies s e emed have a wide, conspicuous range of activities in 

terms of conc entrations (dilution) of extracts. The range was 

fro m 10 t o the fo1EWE, 0.005 WE/15 em-trail. Similarly to R. 

speratus the values were identic al with those of sternal gland 

e xtrac ts (Table 1-2). 

Both termite species readily reacted to the authenti c DTE-011 

and o th e r related materials 1~hen examined in the modified Open­

Field bi oassay (Table 1-2 and 1-3). The phenomena was quite 

similar to that o f other rhinotermitid termites (Tai et al. 1971; 

~latsumura et. al. 1972; Ritter et al. 1975,1977; Kaji1~ara et. al. 

1978; Du et al. 1982; J<aib et al. 1982). 

As briefly described above, the present results well 

suppo rted the early finding that trail-following action was 

induc ed by the trait pheromone and its analogues within a limited 

range of quantity of active substances (Moore 1966; Ritter et al. 

1969, 1975; Ho ward et al 1976; Prestwich et al. 1984; Hall & 

Traniello 1985). When a high response was observed (over 70X 

t rail - f o llowing) , any of three worker termites as one replication 

generally c ould follow the sample-streaked circle line. 
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Table 1- 2 Trall - fol Jowl nil roaponfle of C. foraosiJnus workera to whole bod7 extroot.a 
and alornnl eland exlrao la and aulhenllc olc ohola evaluated In aodlfled 
Oprn- Field blonafl&1 

Subatano('" Pcrccnlnge follow Ins I per 30 workeral 

3. 2 I 0 -I 5x - 2 - 2 lix - 3 - 3 -· IIIHb/lli ca- tralll 

Whole bod7 ox. 0 20 83.3 95.7 100 90 86.7 73.3 6.7 0 
C61° COl COl (01 (0) COl COl 181 

Sternal 11land ex. - - 66.7 96.7 100 96.7 93.3 83.3 16 .7 0 
(0 1 (01 (OJ (01 (01 (01 (71 

Aut.henllo alcohol o" - I -2 -3 -· -5 - 6 - 7 - 8 
()11/15 ca- Lralll 

(Z,Z,lii - OTB- 1- ol 0 6.7 73.3 96.7 100 93.3 83.8 36.7 0 
( 81 (01 (01 (01 (01 (01 I 3 I 

( Z,li,BI - OTB- 1- ol - 96.7 96.7 93.3 86.1 6.7 3.3 0 0 
(01 (01 (01 (01 (81 ( 9 I 

(Z,ZI - 3,6- 008- 1- ol 0 4 6.7 83.3 83.3 33.3 10 0 - -
( 2 I 101 (01 ( 3 I 161 

(Z,ZI - 6,8 - 008- 1- ol - 66.7 73.3 13 0 3 0 
(01 (01 171 

(B,RI - 6,8- 008- 1- ol - 83.3 6.7 0 0 
(0) ( 9) 

(Z) - 3 - dodeoen- 1- ol 8.7 66.7 83.3 50 0 
(8) (01 (01 ( 21 

1-dodecanol 66.7 50 0 0 
1- undecanol 60 66.7 0 0 
1-lrldec annl 83.3 23.4 0 0 
1- lel.rndncano I 66.7 0 0 0 
1-penl.ftdecancl 0 

Caption• a re t.ho •••• aa In Table 1- 1. 

During the series of bioassay trials, two supplemental 

experiments were planned. In the first supplemental test, 

soldiers of c. formosanus were served for t he modified Open-Field 

bioassay using whole body extracts of workers and some authentic 

ld . d ced a sensitive response to the alcohols. The so 1 ers pro u 

samples as shown in Table 1-3. 
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Tftbl" 1- 3 Tr"l t - rollo•dnll rr~pnn,.,. or c. tor•n~nnu~ ~oldl~rft to wholf' bot17 flllli'!\Ol 1\0d 1\ulh,.nll c 1\lcoholto "vatu .. ted in ~odlrted Oprn n ... td bloa"""' 

SubBlftnc e• rt-rcent".ee rollowlnl( '""r 30 10oldlnr11) 

3" 2 0 -I h - 2 - 2 & .. 3 - 3 - 4 
(IIRb/1& <'a - lr10ll) 

llho l.- bod7 ..... 0 6.7 76.7 83.3 93.3 90 66.7 66.7 13.3 0 
(!IJC (01 (0) (0) (0) (I) 1 01 ( 7) 

Auth .. ntlc "lcohol o" - I - 2 -3 - 4 - 5 - 6 - 1 - 8 
11•!1/lli (' ~ - t ..... 1) 

(Z,.?.,.I\'J - OTR- 1- ol · 0 0 16. 7 93.3 96.7 100 116.7 1111.7 6.7 
(6) (OJ (0) (0) (0) I II (9) 

I Z, E, El - DTB- 1- ol 83.3 96.7 96.7 83.3 16.7 0 
(0) (0) (0) 101 I 71 

I 7., 7.1 - 3, 6 OOR- 1- o l 33.3 50 83.3 66.7 3. 3 0 
I 4 I I 2 I (0) IO) I 9 I 

IZI - 3- d odec en · l - ol 73.3 33.3 16.7 0 
(OJ I 3 I (6) 

C10ptlon10 """ lh" aa•e "" ln Tnble 1- 1. 

Furthermore, 

spec ies were tested f or 

body extracts of the two lest termite 

t heir trail-following acli vi ties u si ng 

worker termites obtained from different colonies to compar e the 

a c tivity levels amon g colon i es. Results i n Table 1-4 indic ate d 

that sensitivity was varied wi t h the combina tions o f the origin 

of extracts and tested i ndi vidual worker termites , although 

trail - following behavior was unexceptionally induced in any case . 

On the basis of t h e results here, "Open-Field" bioassay was 

c onside red to be a simple , and reproducible technique i n regard 

t o the e valuation of trail-following activity of test samples. 
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Table 1-4 Comparison of trail-following threshold values 
among different colonies 

R. speratus Colony source of extracts 

A+B c I) R 

Test colony Th r eshold level a (MRWRb: WR0 /15 e m- trail) 

A+D 0. 1 
c 0.05 0.01 0.05 0.01 
D 0.05 0.01 0.025 0.005 
R 0 . 1 0 . 025 0.05 0.01 

c. formosan us Colony source of extracts 

F G II I 

Test colony Threshold level (MRWR: WR / 15 e m- trail) 

F 0 .005 0.005 0.01 0.005 
G 0.005 0.01 0 .01 0.005 
II 0.01 0.01 0 . 025 0.01 
I 0.005 0.005 0 . 01 0.005 

a: Th e activity was estimated by a modified Open- Field bioassay. 

When three or more of nine workers followed the 15 e m trail, 

the sample was designated positive. Tenfold dilution series and 

more h ighly diluted solutions of each sampl e were e mployed to 

determine Lh e MBWE (WB/15 e m-trail) . 

b: Minimum e ffec tive wo rker equivalent . 

c : W o 1'11 e r· c q u i v u L o n L • 
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1.4 Summary 

A modification of Prestwich and other's Open-Field bioassay 

was employed to the trail follo~<ling activity of extracts from 

whole bodies and sternal glands and authentic alcohols. As 

demonstrated earlier, the level of trai !-following activity o f 

whole body extract was equivalent to that of sternal gland 

extract. In general, termites sho1-1ed trail-following response to 

a certain range of concentration (: quantity available for 

trail-following). Applicability of the bioassay technique was 

confirmed for the assessment of trail-following activity of the 

test materials. 
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Chapter 2 Modified "Choice bioassay" 

2.1. Introduction 

As demonstrated in Chapter 1, termite extracts and some 

authentic alcohols succeeded in eliciting trail-following 

behavior within a certain range of concentrations (quantity) 

tested. However, it still remains questionable 1-1hether test 

termites would shoH the equal preference when they are forced to 

cho i ce either of the two substances with the equal trail­

following activity proved in the modified Open-Field bioassay. 

Prefer·ential differences might be dependent on species 

specificity . In order to determine species specificity and to 

mal<e the data more authentic, Howard et al . ( 1976) first employed 

choice bioassay technique. 

They demonstrated that each four rhinotermitid termite 

workers could distinguish a conspecific trail pheromone from an 

equ~lly active heterospecific trail pheromone . 

Although their results suggested the species specificity in 

terms of trail-following response , the problem has not fully 

solved due to the lack of chemical substantiation . 

In this experiment , the modified Choice bioassay (referred 

to Y-test) was employed to elucidate the species specificity of 

trail pheromone using both R. speratus and C. formosanus (Tokoro 

et al. to be published). 

2 . 2 . Materials and Methods 

2.2 .1 Preparation o f sternal gland extracts. 

Preparation of sternal gland extract was done in the same 

way as described in Chapter 1 (section 1.2.1) . 
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Fig. 2-1 Scheme of Modified Choioe bioaaaay 

a: Fine quality olay ooaled paper, b: Petri diah lid 

(1 . 5 x 9 om i.d.), o; Penoil guide line, d: Opening, 
e: Teat termite, f: Plaatio cylinder 

2.2.2 Choice bioassay (Y-test) 

A modification of the Howard and other's Choice bioassay was 

used to examine the preferential difference between the two 

rhinotermitid termites in trail-followi ng activity of some 

substances. As shown in Fig. 2-1, 1 J.ll each of o n e dissolved 

sample was streaked from the junction to the distal end of t he 

branched 1 ine ( 1. 5 em long), and stern ( 3 e m long) another 1 pl 

was strealted from the junction to t he end of basal poin t of Y­

shaped pencil guide line (ca . 15 em long and t h e angle form ed by 

branches is 45•) and also 1 ...ul of another dissolved sampl e was 

streaked along another branch (1.5 em l ong) and t he same stem of 

the Y-shaped pencil guide line drawn o n the c lay coated paper 

with a 5 )Jl-micropipette. The same was done for the other 
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branched and basal lines with the other dissolved sample. One 

opening of the cylinder directed the termite toward the test 

arena. A worlcer termite was then introduced into the cylinder, 

and a red colored Petri dish lid (1 x 5.7 em i.d.) was placed 

above it in order to minimize the influence of air movements and 

ligh l. 

When a worker termite succeeded in moving along the sample 

streaked Y-shaped line within one minute, it was considered that 

a "basic activity (2)" was induced. When Lh~ termite complete a 

trail-following and reached to one distal end of branched part of 

a Y-shaped J ine or deviated from the trail at least 2 em, the 

termite was removed from the Lest stage immediately. Ten 

replicates of Y-shaped lines ~~ere prepared and ten termites (one 

each at a time) were tested each line . Numbers of test worker 

termites which selected either of the branched parts were 

recorded respectively. A given sample was considered to have 

elici led a threshold trai 1-following response if more than 50 " 

of hundred lest te rmi tes showed a basic activity (2). T1w fold 

dilution series of each sample were employed to determine the 

trail-following activity of the test materials . Bioassays were 

carried out at approximately 26 • C and 60% Rll under the 

fluorescent lighting to estimate the trail-following activity. No 

t.ermi t.e was used for more than one bioassay in 2•1 hours. All the 

data were served for a chi-square statistical analysis using the 

Yates Correction for Continuity (Yates, 1934). 

2 . 3 Results and Discussion 

Preliminary trails 1~hich employ the original bioassay 

technique of lloNard et al. Nell supported that lermites 

statistically sho1~ed equal response to the l~<o chemicals of the 

same activit.y level generating 50/50 distribution (Table 2-1). 
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Table 2- 1 Rrr'Cnmlnall o n o f lloward and others' method of c hoice bionssny 
with 0 fR - 011 

Test wo rkern Number of tcrmiten chootdn~ 
r- Chi - square" 

(Quanti ly) Trial Left. Rlgh l 

R. spera tus I 6 (O)b 9 0.27 
2 6 (0) 9 0.27 

(I0 - 7pg/cm) 0 3 8 (0) 7 o.oo 

" 9 ( 1 ) 0 0.64 
5 5 ( 0) 10 t. 07 

(Total) 3" ( 1) .,0 0.34 

c. f o rmosnnus I 6 (0) 9 0.27 
2 5 ( 0) 10 l. 07 

(1o- 7 v~e/cm) 3 8 ( 2) 6 0.31 ., 4 (0) 11 2. 40 
5 6 ( t I 8 0.07 

(Total) 29 ( 3) 43 2.36 

a: ChJ - squore analysis made on the hypothesis that if the two sa•ple 

trail is idenllcsl, a 1: I distribution will result., and value of 

Chi - nqunre will be less than 3.84 at lhe 95% level of signlfloanoe. 

b: Number of termites devJatJng . 

c : Test. c onc enlrolion of DTB- 011 was the threshold level esli•oled by 

modified Open - Field bioassay . 

llo1-1ever, it Has noticeable during the bioassay that a group 

of termites Lo ok tandem running and some termites seemed to 

disturb the natural behavior of t h e others through return ing to 

the tes t "nest " especially at the junction and openi ng site of 

" exit tube". Therefore, a single worker (or soldier) termite was 

tes Led at a Lime ins lead of a group of 15 termites to rule out 

gro up effec ts . In addition, the shorter branched lines were 

considered to result in the evenness of the streaked quantity of 

test c hemi c nl s alo ng the trail line . 
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Results obtained in the modified Choic e bioassay are 

tabulated below (Tables 2-2~7). As expec ted two samples whi c h 

were the same in Trail - following activity level generally induc ed 

a 50/50 distribution. The results suggested the appli c ability of 

the bi oassay tec hnique to examine the species spec i fi e i ty using 

two termite spec ies . Each threshold quantity, whi c h c ould induc e 

the basi c activity to more than 50% of test wo rkers, o f 

respec tive sample was estimated as follows in case of R. 

speratus DTE- 011 100 fg, (Z,E,E)-DTE-011 50 pg/1.5 e m-trail, R. 

speratus sternal gland extract (R.s-SGE) 10- 4 WE/1.5 em - trail , c. 
formosanus sternal gland extract (C.f-SGE) 5xlo-5 WE/1.5 e m-trail 

in c ase of C. formosanus worl{er : DTE-OH 100 fg, (Z,E,E)-DTE-011 

25 pg/1.5 em-trail, R . s - SGE 10- 4 WE/1.5 em-trail, C .f-SGE 5xlo-5 

WE/1.5 em-trail in case of C. formosanus soldier DTE-011 50 

fg, (Z,E,E)-DTE- 011 25 pg/1.5 om-trail, R.s-SGE 5x10-5 WE/1.5 e m­

trail, C.f-SGE 2.5x1o- 5 WE/1.5 em-trail. 

Tnble 2 - 2 Dl11lrlbutlon nf ler•lles In Y- leBt when a c ouple or 
lhe """'e UTR - 011 conc cnlrnt I on" o r ( ?., E, Bl - OTH- 011 
ronc cnlratlons nppllcd loR. speratus workera 

Nu•ber or terMites chno~tlns 
Tefll ""•rle" Chl - 11quare8 

.. .. l.hl/1.5 .,. Left Rllhl 

OTR- 011 
50 niC 8 l721b 20 4.32 

5 nt~ 16 C 13 I 41 o. 18 
500 ,.. 5 4 (01 46 0.49 

50 I'll 48 (01 52 0.09 
5 ,.. 4 I (61 53 I. 29 

500 r, 54 C 6 I 40 I. 80 
250 rs 38 ( 12) 50 I. 38 
100 rs 46 ( 10) 44 o.oo 

50 r,. 18 (66) 16 0.03 
25 fs 16 ( 82) 3 6.72 

5 rll 0 ( 100) 0 ----
( Z, H,li') - Ul'R- 011 

50 ... 41 ( 2) 57 2.30 
5 niC 48 (II 51 0.04 

500 I'll 39 ( 4 I 57 3.0 1 
50 Pll 4 I ( 9) 50 o. 70 
25 PI 21 I 65 I I 4 I. 03 
10 Pll 8 (881 6 0.07 

5 Pll 14 (781 6 2.45 
500 r, I (94) 5 I. 50 

a: Chi - Bqunre annlysla •ade on lhe hypolheRIB lhal If lhe lwo 11n•ple 

lrnll le Identi c al, " 1:1 diBlrlbutlon wlll reeult, ftnd value of 

Chl -~tquare will be l eRII Lhan 3.84 at lhe 95X level or sliCnlCl c anoe. 
h: NuMbe r o r ler•llea dcvlallnj(. 
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Table 2- 3 lliotrlhullon of t.cr11lleo In 'f - lrot when B coup l e of 
the onmc UTR-011 oonct!nlrntlono or (Z,E,EI l>'l'H Oil 
oonoonl •·ntiono applied Lo C. foz ·mosanuH wo •·kuro 

Number of termites chooolnl( 
Test su .. ples - Chi - squore8 

Oleil(ht/1.6 em Left llil(ht 

O'l'B- 0 11 
(83)b 60 ng II 6 0.9 4 

6 ng 39 (30) 3 1 0.70 
500 pg 55 ( 2 I 43 0.23 

60 PIC 42 ( 3) 56 I. 4 8 
6 pg 16 I 2 I 62 0.26 

600 fl( 46 ( 7) 39 o. 42 
250 fg 47 ( 0) 33 2. II 
100 fg 48 ( 22) 30 3. 7 I 
50 fg 24 (58) 18 0.60 
26 fl( 0 (96) 4 2.25 

5 r. 0 ( 100) 0 -
(Z,E,Iii-I>TB-011 

60 nl( 64 I 2 I 57 2 . 30 
6 nl( 44 (I I 6 1 0.04 

600 PIC 58 (3) 39 3.34 
50 PIC 56 ( 6) 38 3.07 
25 PIJ 40 ( 28) 32 0 . 68 
10 PIC 5 (92) 3 0. 13 

6 PIC 2 (U6) 2 0.26 
500 fg 1 (99) 0 o.oo 

Captlono are the sn•e as i n Tabl e 2-2. 

Table 2- -1 Oi olribul l ons of Lnr•lteo in Y- Lcot when a coup l e of lhe 
soroe UTB - 0 11 conccnlr·otlons o r (Z,B,BI-01'8- 0 11 con centra tions 
applied lo c. formosanus soidicro 

Number of ler•ltes chooslnl( 
Test samp l es Chl - aquBre8 

welghl/1 .5 em Left. IIi IC h l 

OT£!- 0 11 
(!II )b 50 niC 3 6 0. 44 

5 ng 10 I 79 I I 1 0.00 
500 pg 47 (6 I 47 0.00 

50 PIC 4 I (4) 66 I I. 76 
5 PIC 5 1 ( 3 I 46 o. 16 

600 fg 5 1 I 4 I 4 6 0.26 
250 fl( 52 I I-I I 34 3 . 36 
100 fl( 44 ( 23) 33 I. 30 
50 fg 38 ( 12) 50 I . 38 
25 fg 12 ( 78) 10 0.06 

5 fg 4 (95) I 0.80 

( Z,E, B) - UTB-011 
60 niC 65 ( 5 ) 40 2.06 

5 ng 46 I-I I 46 o. 16 
500 PIC 50 ( 4 I 46 0.09 

50 PIC 54 ( 5 I 4 I I. 62 
25 PIC 44 ( 16) 4 0 O. II 
10 pg 10 ( 58) 32 10.60 

5 PIC 4 ( 9 4) 2 0 . 17 
500 fg 0 ( 100 ) 0 -

Capllons are the so•e as In Table 2 - 2 . 
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Table 2- 5 Distributions of ter•ites 1n Y-teol when a couple of the same 
oternai gland extracts applied lo R. spcratus 01orkers 

Numbe r of lermiteo c h oosing 
Teal samples Ghi - square8 

WB/1. 5 em Left Hight 

R.s-sogb 
0. I H (6)c 50 0.27 
0.01 4 6 ( 2) 52 0.26 
0.005 50 (0 I 50 0.01 
0.001 42 (O I 58 I. 40 
0.0005 53 I 8 I 39 I. 84 
0.00025 48 ( 1 I ) 4 I 0. 40 
0.0001 44 ( 13) 43 0.00 
0.00005 18 (54 I 28 I. 76 
0,000025 12 I 72 I 18 0.83 
0.0000 125 0 (96) 4 2.25 
0.000005 0 ( 100 I 0 -

c. r - susd 
0. I 50 ( 1 ) 49 0.00 
0.01 52 ( 21 46 0.26 
0.005 59 (0) 41 2.89 
0.001 44 ( 6) 50 0.27 
0.0005 52 ( 0) 4 8 0.09 
0.00025 4 3 ( 3) 54 I. 03 
0.0001 40 (6) 54 I• BO 
0.00005 28 (49) 23 0. 31 
0.000025 12 (761 12 0.04 
0.0000125 2 (98) 0 0.50 
0.000005 0 ( 100) 0 ---

o: Chi - square analysis mode on the hypothesis Lhal if the two sa•ple 

trail is Identical, a 1: I distribution will r esult , and value of 

Chi-squa re will be Jess than 3.84 ut the 95% leve l of significance. 

b: Sternal Rlond extract of /l. speratus. 

o: Numhe r of L<' rm i Lea dev i u L i ug i 11 Uu• pu rcn tiH>ReH. 

d: St.nrual gluntl extract o f C. rormosnnus. 
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Table 2 - 6 UiRLribulinnq of LrrmiLra in Y-lrst whrn n couplP of lhr snmr 
sterna I .1( I nnd rxtraets nppl ird to C. rormo!fnnus workers 

Numhrr of trrmil.t•H t• IH)()!f i n,l( 
Trnl RnmplPR f-- Chi oquo rt• 0 

WR/1. 5 e m l.rft IH l(hl 

R.s SGRb 
0. I 43 (8)c 49 0.27 
0.01 H ( 5) 48 o.oo 
0.005 44 (9) 47 0.04 
0.001 -1 5 ( 8) 47 0.01 
0.0005 50 ( 2) 48 0.0 1 
0.00025 -18 (II) 4 I 0. 4 0 
0.0001 39 ( 18) 43 O. II 
0.00005 21 (52) 27 0.52 
0.000025 12 (78) 10 0.05 
0.0000125 9 (87) 4 1. 23 
0.000005 4 (95) I 

C. r SGRd 
0. I 51 (I) 48 0.04 
0.01 48 ( 4) 48 0.01 
0.005 48 ( 6) 4 6 0.0 1 
0.001 45 ( 8) 4 7 0.01 
0.0005 46 ( 10) 44 0.0 1 
0.00025 44 ( 9) 47 0.0 4 
0.0001 40 ( 8) 52 I. 32 
0.00005 33 ( 34) 33 0.02 
0.000025 24 (57) 19 0.37 
0.0000125 14 (68) 18 0.28 
0.000005 I I ( 75) I 4 o. 16 

Captions are the some as in TabJe 2- 5. 
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Tobin 2 - 7 Uiqtributions of termites in Y test when n couple of the same 
nl.nrnnl l(l••nd oxLrnets oppJird to C. formosanun aoJdlera 

Number of lt>r.,ites choosinl( 
TeRL anmplrH Chi -aqua re8 

WR/1. 5 em LPfl Hight. 
---

R.s SGRh 
0. J 4 I ( 11 )e 4 9 4.32 
0.01 47 ( 3) 50 0.18 
0 . 005 47 ( 7) 46 o. 49 
0.001 48 (8) -16 0.09 
0.0005 "" (8) -18 1. 29 
0.00025 48 (6) 46 l.80 
0.0001 -19 ( 5) 46 1. 38 
0.00005 47 ( 12) 41 0.28 
0.000025 29 (51) ?0 I. 31 
0.0000125 16 (H) 10 6.72 
O.Q00005 I Z (82) 0 -

C. r - SGild 
0. I 53 ( Z) 4 5 0.50 
0.01 47 ( 3) 50 0.04 
0.005 45 ( 4) 51 0.26 
0.001 46 ( 3) 51 0.16 
0.0005 <1 5 ( 2) 53 0 . 50 
0.00025 52 ( 2) 46 0.26 
0 . 0001 46 (6) 48 0 . 01 
0.00005 45 ( 5) 50 1. J 7 
0 . 000025 4 0 ( 16) H 0.11 
0.0000126 20 (51) 29 1. 31 
0.000005 23 ( 6 1 ) 16 0 . 92 

Captions nrr lhe same as in Table 2-5. 
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2.4 Summary 

A modification of ll o l.tard and other's Choice bioaSl:lUY ~.tus 

employed to assess t h e distribu tion pallerns o f 

couple of t h e same materials applied to th e 

te r mi Les ~.then a 

organisms . As 

expected i n such c hoice test , the same Lest samples c o nsistently 

resulted in a 50/50 distribution , which ~.taswell supported tn 

statistical analysis . The results strong 1 y encouraged Lo uppl y 

the method to determine species spec1fic ity in trail-foll o1nng 

activity . 
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Chapter 3 Isolation and Identification of Trail Pheromone from 

Reticulitermes speratus (Kolbe) 

3 . 1 Introduction 

Trail pheromone of rhinotermitld termite was first isolated 

from Hhole body extract of R. virgini c us (Banks) 

(Rhino lermllidae) by Matsumura et al. ( 1968,1969). The amo unt of 

the isolated pheromone was too small to allow determination of 

the complete c hemical struc ture of the pheromone. However, they 

found that a substance isolated from wood infected by a brown rot 

fungus, Gloeophyllum trabeum (Pers. ex. Fr.) Murr. was chemically 

similar to lhe trail pheromone of R. virginJ c us, and identified 

it as (Z , Z,E)-3 , 6,8-dodecatrien-1-ol (DTE-011) . They finally 

concluded that the chemical was identical with the trail 

pheromone of R. virginicus (Tai et al. 1969). 

It was later reported that DTE - OH elicited trail-following 

behavior for other species of the family nhinotermitidae, e.g. 

Reticulitermes flavipes (Kollar) (1'1atsumura et al. 1972) , R. 

hesperus Banl(s (Matsumura et al. 1972; Grace et al . 1987), R . 

lucifugus santonensis Feytaud (Ritter et al. 1975) R. tibialis 

Bani(S (t-latsumura et al. 1972) R. speratus (Kolbe), as well as 

Coptote rmes formosanus Sh ira ld (Matsumura et al . 1972; ll o~.Jard et 

al . 1976} . Since the trail-following substance shows a weak 

species specificity, DTE-OH appears lo be common among the family 

Rhino t ermi U dae. 

On the other hand, Tai et al. ( 1971), Ritter et al. ( 1973, 

1975,1977), PrestHic h et al. (1984) synthesized analogues of 

DTE-011 in o r der to asses the relation betHeen the trail-following 

behavior a n d the s lereochemical s true ture of such subs lances . 

They und others demonstrated that many of lhe analogues could 

induoo trai l-follo~.Jing behavior for some rhinotermi lid termites 

(l'latsumura et al. 1972; Riller et al. 1975; Tai et al. 1971; Kaib 

et al . 1982; PrestHich et al. 1984). 
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The complete structure (positions and stereochemistry of the 

double bonds) of the trail pheromone OTE-011 was determined by 

comparison of active threshold level of synthetic compounds with 

that of the native pheromone (Tui et al. 1969). Si n ce th e 

analogues of pheromone compounds possibly induce trail-following 

activity and the threshold level of this activity varies as a 

function of multiple components of t hese active subs Lances 

(Howard et al. 1976; Kaib et al. 1982; Traniello 1982), this 

approach remains questionable in the determination of the 

complete structure of the na tive trail pheromone. Moreover, 

Howard et al. ( 1976) evidenced that some of the rhinotermitid 

termites could recognize their own extract trail. Th e finding 

might suggest that this spices specificity could be caused by 

variation of trail pheromone, and suggested that small quantities 

of close chemical analogues may act in a multicomponent sense to 

confer specificity to the trail. It is, therefore, important to 

examine whether rhinotermitid termite actually secretes the DTE-

0 11 or not. 

Many methods have been developed for t h e chemical structure 

elucidation of highly unsaturated components such as DTE-011 , but 

most are limited to the determination of the positions of double 

bonds (Jiummel & Karlson 1968; Karlson et al. 1968; Moore 1969; 

Stua rt 1969). Consider ing the structure elucidation of hi"hly 

unsaturated insect pheromones, the most difficult problem is t he 

determination of the stereochemistry of these double bonds in 

minute amounts of sample . 

In this Chapter , R. spera tus was served for the isolation 

and identification of the trail pheromone, and then new methods 

were applied for the determination of the stereochemistry of each 

double bond in the tra i 1 p heromone . Furthermo r e , the coinciden ce 

in the chemical structure of the active s ubstances extracted from 

both whole bodies and sternal glands w as exami ned with the aid 

of ne1o~ analytical techniques (Tokoro Jet al . 1990a,l991; Yamaolca 

etal. 1987). 
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3.2. Materials and Meth ods 

3 . 2 . 1 Test i nsects and bioassay methods 

Test insects and bioassay methods (Open-Field Bioassay) was 

described in the section of 1.2 . 1 in Chapter 1. 

3 . 2.2 Chemicals 

Authentic alcohols used were given in the section 1.2.2 in 

Chapter 1 . All other reagents were purchased from Nacala i Tesque 

TNC . INTI; Kyoto, Japan). 

3 .2.3 Isolation 

Isolation process of t he trail pheromone is shown in Fig. 

3-1. 

(1) Extraction 

Test individuals were placed on the moistened filter paper in 

a Petri dish f o r about five hours before extraction , and soaked 

in n-hexa n e ( ll x) for three days (ca . 1000 ml per 100 , 000 

individual worlters). The ext racts ~o~ere then filtered and stored 

at -20• C until the next step. These operations ~o~ere repeated to 

ob tain extracts from approximately 146 g termite worl(ers (ca. 

97,000 in number). 

On the other hand, dissected fifth-sternites as sternal 

glands ~o~ere soaked in 500 pl of llx for ten hours . As a control 

sample , o n e hundred of worlcers were soaked in 500 )Jl of llx for 

Len h o u rs . Both of the ex tracts ~o~ e r e used for cap illary 

GC- ~IS- IIR-SHI a nalysis . 
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ll exane 

I 
ll cxa ne 

(-) 

I 
5 %n 

ElOAc 

(-) 

15% 
HtOAc 

(-) 

Reticulitermes sperstus 

ca.lOO,OOO Workers 

I 
Hexane Extraction 

I 
Silica-Gel Colu mn 

Chroma trrap h y 

10% 15% 20% 
fitOAc EtOAc Et OAc 

(-) ( 0. 1 ) c ( 1 ) 

I 
20% AgN0 3 Silica-Gel 

Column Chromatogra p h y 

I I 
30% 10 % 50% 

BtOAc BtOAc BtOAc 

(-) (-) (0.25) 

·I 

6 t 0Ac 

(-) 

60% 
litOAc 

( 1 ) 

High Performa nse 
Liqu i d Ch roma to~raphy 

I 
Cas Chroma tog r aphy 

Tra il Pheromo ne 

Me Oil 

( - ) 

BtOAc 

(-) 

Pig. 3- 1 I sol a tion p r ocess o f t h e t ral l phero~on e of R. s pera t us . 

a : Percen t ag e by vo lume o f BtOAc I llx ( " ) a & e luant& 

b: No r esponse o r ins uff ic i e n t r esp on se f or t rail- f ol l owing 

o: Value a ean s t rail - f o l lowi ng a ctiv i t y as ain i aua e ffec t ive 
worker e qu iva l en t 
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(2) Silica-gel column chromatography 

The whole body extracts were dried with anhydrous sodium 

sulfate for 1 hour, and concentrated by rotary vacuum evapora tor 

until the yellowish crude lipid (ca . 3 g) was obtained. This 

crude lipid t•as first fractionated by silica-gel column chroma-

tography with llx I ethyl acetate (EtOAc) and me thano 1 ( MeOH) 

elunnls. Silica-gel (200 g; Silica-gel 60, 70-230 mesh; NT!) was 

packed into a glass column (1 m x 5 em i . d.) with the sample , 

and el u Led ,., i t.h llx/EtOAc , successively increasing the polarity 1 

and wilh MeOII as shown in Fig . 3-1 and Table 3-1. Volume of 

eluanls was one 1 iter for each elution step , regardless o f 

mixing ratios of llx and EtOAc. It was fi nally separated into 7 

fractions ( 22 sub fractions). 

(3) Ar gen tat i o n si l ica-ge l column c hro ma t ography 

The pooled active fractions were the n fraction ated by 20% 

(w/w) AgN0 3 silica-gel chromatography with llx/EtOAc in t h e 

similar manner as above (20 em x 7 mm i.d . glass column; AgN03 

silica-gel 1.5 g). 

step. The active 

Volume of eluants was 6 ml for each elution 

fractions we r e fi nally separated into 7 

fractions (22 subfractions). 

(1 ) Normn l phase h igh p e r fo rmance liquid c hro mato graphy ( II P LC ) 

Ac live fractions Here fractionated by II PLC with ll x/EtOAc 

(7/3) and detected by a UV detector at 234 n m. The II PLC was a 

f'lodel LG-5A (Shimadzu , Kyoto, Japan) pump connected to a mode l 

UV I DEC- 1001 detector (Jasco, Tokyo, Jap a n ) . Th e analyt i ca l column 

HAS a normal phase Cosmosi1 5SL (silica-gel , 25 em x 4 . 6 mm i .d ., 

particle size 5 ~m; NTI) and guard column was a Cosmosil lOSL (5 

em x 4.6 em i . d ., silica-gel , particle size 10 pm ; NT!). Flow 

rate o f Lhe eluent was 1 .0 ml/min. 
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(5) Preparative gas chromatography (GC) 

The final purification step was carried out by preparative 

GC using a nonpolar column, follot.ted by a polar column. 'l'he 

preparative GC employed a YANACO t-1odel G180PF (Yanaco, Kyoto, 

Japan) equipped with a flame ionization detector and a gluss 

column (1.5 m x 3 mm i.d.) pacl<ed with 5" CarbOI.tax 20!-1 - W- IIP 

(100/120 mesh) (polar column; He~<~lett-Packard (liP), Penn~ylvanta, 

USA) or a wide bore capillary column (10m x 0.53 mm i.d.) coated 

'"ith methyl silicon (coating width 2.5 pm) (nonpolar column; liP). 

Analytical conditions for each column were as follo1.ts: nonpolar 

column, 140•c (injection 250•c), carrier gas N2 (40 cm/~ec); 

polar column, tao• c (injection 250•C), carrier gas N2 (25 

ml/min). In both analyses, the outlet gas for each pt!ak I./as 

isolated and the trail-following activity in response to it 1-1as 

determined. To obtain GC fractions for analysis, a glass tube 

cooled with dry ice in the middle portion, was 1nd1rec lly 

connected to the metal head of the FID detector with a Teflon 

tube . The glass tube was rapidly rinsed with dielhyl ether lo 

extract the effluent for the later evaluation of trail - fo1lowtng 

activity. 

The isolation was repeated so that 4 pg of lhe Lt·a 1l 

pheromone was obtained to determine the complete structure of Lhe 

pheromone. 

3.2.4 Iden tification 

( 1) Th e a nalysis of primary structu re of t h e i sul uled t..ra1l 

pheromo n e by capillary gas c h romatography mass spectrometry 

(GC-MS) 

The active GC peak was analyzed by capj lJ ury gus 

chromatography-mass spectrometry (GC-MS), The GC-MS Has performed 
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on a M-800 mass spectrometer to which a Model 0101 on-line data 

system (Hitachi , Noka, Ibaraki, Japan) was connected . The gas 

chromatograph was a Model 5970 (Hewlett-Packard, Avondale, PA, 

U.S .I\ . ) equipped with a fused-silica capillary column ( Shimadzu 

COP 20M, 25m X 0.25 mm i.d.). Ion-source temperature was zoo · c , 

and the ionization vo1 tage was 70 eV. The injection temperature 

was 250•c. Samples in 2 pl of hexane were injected with a Grob­

typP sp1itless injector. The oven temperature was kept at ao · c 

for lhe first minute and then raised at 20• C/min to tao• C. The 

CIH't"lt!r ~as thelium) veloc ity was ca. 40 em/sec . 

Uetermination procedure of the geometric con fig u ration of 

the isolated trail pheromone is shown in Fig. 3-2. 

Isolated trail pheromone 
dodecatrien-1-ol(ca.4Pg) 

I Acotylatlo" 

dodecatrienyl acetate 

Partial hydrogenation 

dodecyl acetate 
dodecenyl acetate(3) 

dodPcadlenyl acetate(3) 
dodecatrienyl acetate 

(Double bond position) [Configuration ) 

Ozonolysis 

alkanlllR or 
w- acetoxy nlkanals(3) 

I 
<Capillary GC - HS> 

I 
<Capillary GC-MS> 

<Capillary GC-FTIR> 
<Capillary GC> 

F ig . 3-2 Dete rml nol l on p rocedure o f t he geo• etrl o o onfi,uro t l on o f 

th e i eo loled tro l l phe r o• one 
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(2) Acetylation of t h e t rai l phe r omo n e 

The isolated trail pheromone was first converted to the 

corresponding acetate. Approximately 5 }'g of lhe punfied truil 

pheromone was dissolved in 200 yl of be n zene. Doth 2 m~t of acetic 

anhydride and 0.1 mg of pyridine were added t..o the so]uLton , and 

the mixture was incubated at so• C for three hours. For·mat..1on of 

t h e acetate was ascertained by analytical capi llury GC. The 

u Shtnmdzll ~lodt!l unulyticul capillary gas chromatograph used wuQ 

7 A gas ch r omatogr aph ( Sh imadzu, ICyoto , Japun) equt ppcd Hi Lh a 

f lame ioni~ation detecto r a nd a fused-silica cupillu1·y column 

described above . It was operated under t..he same conditions us for 

capillary GC-MS analysis , except that the temperulure programming 

rate was 32• C/mi n. Two hundred microliter of benzene wen: added 

to the reacted solution , a nd then the solut ton 11a!3 wushed wi t..h 

200 )Jl o f distilled water twice. The reacted subst..unce was 

analyzed by capill a ry GC-NS, and the results were cornpan:d 

those of the authentic acetyla ted DTE-011 (DTE-OAc) · 

( 3 ) Par tia l hydro g e nat i on of the t r a il phe r omo n e uce la le 

11 i lh 

Yamaoka et al . ( 1 97S , 1978) fi r st applied micro-scule partial 

hydrogenation to ide n tification of t h e sex phe r·omone l ( H,Z,L)-

4, ? ,1 0-t..ridecatrien yl acetate] of the polulo t..ube r worm moth , 

Ph t hori maea operc ul e lla Zeller (Gelechiidae: Lepidop t era) 

combined with capi l lary GC- HS tec h niques . ll ydrog<!nulio n of u 

carbon -carbon do u ble bond with h yd r azine an d h ydeogen peroxtde 

usually p r oceeds ~o~ithout migra tion and isomerization und 11L a 

moderate rate (Aylwa r d et a . ; v 1 19s2 P l·t·,,~t..t.. ct nl. 1966; 

Schofield et al. 19S9) . Theoretically , 2 mole each o f hydruzine 

and hydrogen peroxide are needed . Practically , hOIH!Ver· , large 

excess of these reage n ts are required Lo uccomp li sh the 

hydrogens t ion wi L 1n a n appropr 1a e pe 1 • h . · l r'od Prtd trni n ul'y tria l s 

using linolenyl acetate i nd icated that sut..isfuct..ory y i elds of the 
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partially hydrogenated monoene and d ien e de r ivatives were 

obtained when the acetate (ca . 1 )Jg) in eth anol (200 _)J l) was 

treated 1~i Lh theoretical 2000- and 200-fold excess amounts of 

hydrazine and hydrogen peroxide respectively at 50-SO• C for 4-5 

hr. (Yamaolta et td. 1976). 

About.. 4 ; 1g of the trail pheromon e aceta te was partial ly 

hydrogenated under the fo l lowing conditions . The stock solu tion s 

of hydrazine hydrate and hydrogen peroxide were respective l y 

prepared by dissolving 30 y l of hydrazi n e hydrate or 4 )J l of 30% 

hydroge n peroxide in 1 ml of ethyl alcohol . An 10 0 )Jl e a c h o f 

these s toe I< solutions was added to a g l ass vial ( 9 e m x 1 5 mm 

i.d . ) containing the trail pheromo n e a c e t a te , and t h e mix t ure was 

incubated at.. so• C for 4 hours . Disti lled wa t er was later add ed 

for quenching t.. h e r eaction, a nd t h e mixture wa s t h us ext r ac ted 

with n-hexane twice . Partial hydrogenat ion of DTE-OAc wa s c arried 

out. according t..o t h e s imiJ ar man ner . Those partially h ydrogenate d 

products ~~ere analyzed by capi lla r y GC- HS . 

Partial 

dodecadienyl 

hydrogenation of r efe ren c e compou nds , 

ace t ate , (Z,E)-6,8-dodecadi en y l a ceta te 

(Z , Z)-3 , S­

and ( Z , Z) -

6,8-dodPcadienyl acetate (ea c h 1 0 }Jg)(Ando e t a l . 1985 ), were 

cRrried out according to the meth o d desc ri b ed above . 

( 4) Capi llnry gas c hro matography- Fourier- transform infrared 

s p ec troscopy (GC-FTIR) 

Th e C1C-FTI R wa s p e r fo rme d o n a Model GCC- lO OGC/ FT-IR (JEOL, 

Akis hima, Tol<yo , Jap a n) equipped wi t h a c apillary c olumn (HP 

hand ed p hase Cnrbowax 20 M, 25 m x 0.25 mm i.d.). A high­

sensitiv i ty NCT ( me r cu r y c a d mium telluride) de t e c tor ( DET - 101 ) 

was used. Th e GC con d it ions were t he same as f o r the GC-HS 

a n a l ys i s . 
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(5) Ozonolysis of the partially hydroge nate d trail phero mo n e 

a cetate 

A half aliquot of the partially hydrogenated substances was 

treated with ozone gas for several seconds 90 that ulkanals and 

w-acetoxy alkanals were ob ta ined. Those ozonolysis products were 

also analyzed by capillary GC-NS to determine t h e posi Lions o f 

double bond i n the trail pheromone. 

(6) Determination of stereochemistry o f each double bond of the 

21o•c. The resolution 1.1a9 approximately 5000. SIM monitors were 

set at m/z 180.151 and m/z 181.155 , the former was precise 

mo]Pcular 1-1eight of DTE-011 and the latter was that of natural 

stable isotopes due to l3c. 

3.3 Resu lts and Disc ussion 

3.3.1 Isolation of the trail pheromone 

trail pheromon e (1) Result s of b ioassay with the crude hexan e extracts 

The stereochemistry of each double bond was determined by 

comparing retention time data of the partially hydrogenated trail 

pheromone acetate an d reference acetates. Partially hydrogenated 

DTE-OAc and a mixture of (E,Z),(Z,Z) and (E,E)-6,8-dodecadienyl 

acetate were employed as reference compounds . 

3 . 2 . 5 Capillary gas c hromatography mass spectrometry ll igh 

Resolution Selected Ion Mo n itoring ( GC- MS - IIR-S IM) 

the sternal gland extracts. 

analysis o t' 

The ext racted components from sternal glands and whole 

termite bodies were condensed by an evaporator and 

Capillary GC-t-19-HR-SIM . The GC-MS for IIR-SH1 was u 

GC (liP) combi ned t<~i th a Model J~1S-DX303HF (JEOL 

analyzed by 

Model 5890 

ttd., Tol<yo , 

Japan) equipped with a Model JMA-DA5000 mass data system (JEOL). 

A fused-silica capill ary column (COP-20-825-050, 25m x 0. 33 mm 

i.d . ; Shimadzu) was additi o nal l y used wi t h this system . The 10n 

source temperature HaS 180•c, and ionizution voltug~ 1-1as 70 cV. 

Samples Here injected with a splitless injector in 0.5 - I Jtl of 

EtOAc . The oven temperature increased at a rate o f 3o•c;mi n over 

the range of 120 2to•c , and the inject i on temperature wus 
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It is well known that sternal gland is the only secreting 

organ of the trail pheromone (Stuart 1961,1963,1969; Moore 1966; 

llo1•ard et a). 1976; Smythe & Coppel 1966; Liang et al . 19 79 ; 

~1acfarlane eta) . 1983). Although a trail pheromo ne should be 

isolated through extraction only from the sternal gland or its 

sePrelion (TRchinkel & Close 1973; f'lcDowell & Oloo 1984; Smythe 

et. al. 1966), it seems difficult to obtain a sufficient amount o f 

the target compo n e nts in a short time. Whole bodies of the 

insects were ex tracted by soalting in a solve n t without 

homogenization in t he present investigation. 

Results of bioassay with the c rude hexane extracts were 

already described in Chapte r 1 (Table 1-1 ) . The NEWE was 

determi ne d as 0 .1 WE/l5cm. Its act i vi ty was comparable to that of 

sternal gJand extracts. The corpses after extrac tion 1-1ere 

homogenized with dieth yl eth e r and served for the measurement of 

t rail f ollowing activity. The activity was less than o ne-fiftieth 

of the primary hexane ext racts . 

Matsumura et al. ( 1968 ,1969) indicated t hat fungus-infected 

'"Ood Hhich HtlS preferably ingested by termi t es bec ause of the 

cie('tlyed HOOd co ntain ed the trail-following substance. 

He9ultantly, it still remained unsolved whether the trail-

following a ct i vity deri ved from the decayed wood which HilS 
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ingested i nto digestive organs o f termites. However, the extra c ts 

of intestinal c ontents of test workers showed no trail fol l owing 

activity in the preliminary experiment this time. 

Dromination and 

f ollowing activity o f 

acetylation markedly loHered the 

crude hexane extrac ts. These 

trail -

results 

suggested that t he trail pheromone of the extra cts m1aht have 

double bonds and hydroxyl groups like as DTE- 0 11. 

Table 3- 1 ReaultR of trall-followlns bi oassay o f the crude hexane 
extract• after ailic a - sel oolu•n chroaalo-raphy 

--
Quantity Ao tivlly as HBWRb 

Teat fraction o r (WB/16 o a - traiil 
llpl dl •l l a 

Crude hexane extract• 3000 0. I 

Fr.No. Bluanta(volu•cC •ll l 

1 llx IC (500) 132 _d 

2 2 (5001 70 -
3 5 xe I (5001 2 -
4 2 (5001 912 -
5 10 " I (250) 407 -
6. 2 (260) 33 -
7 3 (250 1 12 -
8 4 (250) II -
9 

t5 " 
I (200) 4 -

10 2 (200) II 1 
II 3 (200) 51 o. 1 
12 4 (200) 54 1 
13 5 (200 ) 80 5 
14 20 " I (200) 76 I 
15 z (200 ) 80 10 
16 3 (200) 97 -
17 4 (200) 84 -
18 5 (200) 68 -
19 BtOAc I (500) 283 -
20 2 (500) 122 -
21 He Oil I (500) 98 -
22 2 (600) 54 -

a: Wel1ht of c rude llplda. 
b: The a c tivity was estlaated by a • odlfied Open- Pleld bloaaeay. 

When three or a nre of nine workere followed the 15 c • lrall, 
the sn•pla waa dealsnated po•lllvo, Tenfo ld dilution e ar lae and 

•nra hl&hly dllt1Lod aolullon• uf onoh anMplo worn o•pl oyod lo 

dater~lno lha HBWB (WB/15 c • -trall), 

c: The nu•ber of eubfrnotlon. 
d: No trail f ollowlnl reeponee o r Insuffic ient response 

CJ.e. the eetl•aled vnlue wos • a r e thnn IOWR/15o • - tra11) 

for trall- followln8• 
e: PeroenlaiD by voluae of RtOAo /Hx (X) ae elunnln. 
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(Z) Re s ults of bioassay after silica-gel column c hromatographies 

of 15 -The trail pheromone wns eluted mainly in the range 

20% EtOA c / llx o n silica-gel co l um n c hro matography (Table 3-1, Fig. 

3 - 1) · Frac tions with this property usually consist of alcohols, 

sterols , and fatty acids. This elution pattern was similar to 

that of enrlier reports (llonda et al. 1975) , 

Table 3- 2 n~ftultR of trRII f ollowln- blnnaany o f the hydrolyzed 
produc ts afl~r A-N0 3 aill c a - -el ooluan chroaato«raphy 

Quantity Act i vity ae HBWBb 
Teet fraction o f CWB/15 c • - tr•lll 

llpldt•cl• 

Active fr!\otione 62 0.1 

Fr.No. ,. lu!\nliO(volu•e(•lll 

I llx IC ( 3) td _e 
2 2 ( 31 t -
3 10 "' I ( 3) t -
4 2 ( 31 t -
li 20 " I ( 3) t -
6 2 ( 3) 21 -
7 30 " I ( 31 16 -
8 2 ( 3) 14 -
9 40 " I t 3) 8 -

10 2 ( 31 6 -
II 50 " I (I. 51 t -
12 2 ( I . 5) I I 
13 3 (I. 5) t 0.5 
14 ~ (I . 5) t I 
15 60 " I (I . 5) t I 
16 2 c J. 51 t I 
17 3 C I. 51 t 10 
18 4 (I. 5) t -
19 100 " I ( J. 51 l -
20 2 (I. 6) t -
Z I 3 (I. 51 t -
22 4 C I . 51 t -

~ : Wel-ht o f r rude llpldR. 

b: The no llvllT wnn e~tl~nt~d by n a od lfled Open-Field bloaesa7. 

When thr~e o r Mo re or nine workere followed the I & o • trail, 

the a~Mple wne deel~nnted ro~ltlve. Tenfold dilution serlos and 

~ore hl-hly dllut~d " o lutlone of rnoh anaple were e •plored lo 
deleraln~ the HRWR (WR/15 c • -trall). 

o: The nu•b~r o f eubfraotl o n. 

d: Trnce ""'ounl. 

r: No trnll f o ll owln- r~"P"""" o r Jneufflolent ree ponRe (l.e. the 

ret iM~Led vn\un wnn •ore thnn IOWR/16c•- t rnl1) for trn ll-followlnc. 
f : reroenln-e hy voluae of RtOAc/ll x (X) se elunnta. 

- 41 -



Based on the bioassay results of the tnli 1 pheromo n e 

folloHing chromatography on 20" AgN03 silicu - gel, an act1ve 

substance 1~as eluted mainly in t h e 50- 60" FtOAc/llx frnctions 

(Table 3-2, Fig. 3- ll. 

(3) Results of HPLC preparation 

The find ing that the trail pheromone cxhd.>i Led an 

absorption pealt at 234 nm in UV speclroscopH' nnnlysts (l'latsumura 

et al. 1969) would suggest the presence of l'<>n,j ul(uted double 

bonds at defined by UV detecto r at 23 4 nm in the present l:itudy . 

The trail ph e r omone shot~ed high activity in a peult at the Lim e of 

retention around 2.6 minute, confirming the presence o f 

conjugated d ouble bonds. 

A B 

a 1 234 5 6 a 1 

7 5 

- '----

b b 
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k 

0 5 10 0 5 10 
Retention time (min.) Retention t ime (min) 

Fig. 3 - 3 Ons o hromntogrumH using uonpoisr cn l umn (AI oucl p olur oo lumn (II) 

a: Aulhentlo aloohola (Retention timea(mln) in c olumna A ond II) 

t:Cttll230H(3.2, 2.5), 2:(Z, Z) - 3,6-Ct2112 t 0 11(4.7, 4.8), 

3:(Z) - 3 - Ct2H230H(5.0, 4.0). 4: C t2H2 60H( 6.6, 3.6) , 

6:(B,B) - 8.10-C 12H2t OH(7.0, 8.3), 6:C13 H270H(9.1, 6.3), 

7:Ct4ll2g011(7.6) 

b: The laolBted trail phero111one )llctentl on timcH(•In) In co l umnH A unci 13 

Arrows indicate the active p cok (5.8, 7.9) 
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(4) Results o f pre pnrntive GC analyses 

As shown in the results of GC analyses (Fig . 3-3)' the 

retention lime of the trail pheromo n e peak was 5.8 minutes for a 

non-polar column, nearly identical with that of 1-dodecanol, and 

7 . 9 minutes for a polar column , slightly less than that of 1-

te t radecano 1. Th e two differen t GC analyses suggested that this 

pheromone could he a twelve-carbon alcohol with con j ugated double 

bondR . 

3.3.2 Tdenlificnlion of the trail p h eromone 

(1) The primary structure of the trail pheromone 

Capillary GC-MS data are shown in Fig. 3-4. The total ion 

chromatogram (TTC) o f the a ctive fraction from HPLC gave t he same 

pnttern of the gas c hromatogram. The electron impact (Ell mass 

spectrum of the t rail pheromone showed the prominent molecular 

ion penlt at m/z 180 (1'1+·; 35"). The result suggested t hat the 

series of c harac t eristic fragment ion peaks at m/z 91 ( 100"), 105 

( 4 7" l, 119 ( 26") , 133 ( 19%) might correspond to the increasing 14 

mass units o f the cnrbon skeleton of a trienyl alcohol following 

dehydration, whi c h can be expressed as a general formula of 

C' nllzn _ 7 . These results thus showed that the substance had the 

typical pattern of a straight-chain primary alcohol with conju­

gotet.l d o uble bonds. The fact. that alcohols with conjugated double 

bonds show prominent mo lecular ion peaks, while primary alcohols 

se ldo m shot~ s trong molecular ion peaks supports this conclusion. 

It Hf\S confirmed that the primary structure of the trail 

pheromone o f R. speratus was straight-chained dodecalrien-1-ol 

contnining con j ugated double bonds . The amount of the trail 

pheromone per s ingle ~~orlter termite was estimated as about 3 pg 

on t h e basis o f external standard method of GC analysis. 
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Pig. 3-4 Cap illary GC- HS data of the iso l ated trail pheromone 
A: Total ion chroaatograa(TIC) and mass c hromatograms(a/z 91, 180) 

An arrow i ndica t es the a c tive peak(Sc un No.439) 
B: Mass spectrum o f t he act i ve peak(Scu n No. 4 39) 
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(2) The complete c hemi c al structure of the trail pheromone 

(a) Capillary GC-MS analysis of t h e trail pheromone acetate 

The EI mass spectrum o f the acetylated pheromone shows a 

moJc>culn t· ion at m/z 222 (f-1+·) . It also sho1o~ed a diagnosti c ion 

at m/z 162 (M-60)+ · which came from McLafferty rearrangement, and 

the series of prominent c haracteristic fragment ions i.e. m/z 91, 

105, 119 ' 133 were observed . These data indicate that the 

t:umpuunu wa~ cor r espondi ng to dodec atrienyl acetate with a 

conjugated double bond . 

(b) Capillary GC-MS ana l ysis of the partia lly h yd r ogena t e d trail 

pheromone acetate 

Results of capi llary GC-MS a nalysis of the partially 

hydrogenated products of the a ce tylated pheromone were shown Fi g . 

3-5 . The total i o n c hro mato gram of the products shows seven 

pen l1s: A (Scan No. 345), D (Scan No . 353), C+D (Scan No . 357) , E 

(Scan No . 364), F ( Scan No. 368) , G (Sc an No . 406) and H (Scan 

No. 4 20) . The scan number and mass spectrum of peak A were 

idenLica l with those of the reference dodecyl a c etate . The mass 

spectrum s h o ws diagnosti c i o ns at m/z 168 [(M-60)+·], 140 

[lt-1-60-28)+·1 and 61 ( CII 3COOII +II). The mass 

a nd C+O sh01o~ ions n t m/z 166 ( ( M-60) + .] a nd 

spectra of penlts D 

138 [ ( M-88)+'] t1..ro 

muss units lo1..rer than th ose of dode c yl aceta te . Thus , these peaks 

~o~erc considered to be due to dodecenyl acetates . Th e mass spectra 

of pPaks E and F show a diagnostic ion at m/z 164 [ ( M-60)+·] and 

othe r i ons typi c al for dod ecadienyl acetate without conjugated 

dottble b o nrls. The mass spectrum of peak G gives rise to important 

ions at m/z 164 (as for pea lts E and F) and 224. The latter 

corres p o nd s to the molecttlnr ion of dodecadienyl acetate. Judging 

fr om the Longer retention time of peak G o n t h e polar column tha n 

Lhose o f peaks E and F , ~o~hic h exhibit the same ion at m/z 164 
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[(t-1-60)+·1, peak G must have conjugated double bonds. Thus, it 

was considered to be due to dodecadienyl acetate with conjugated 

double bonds. The mass spectrum and scan number of peak II were 

identical with those of the original dodecatrienyl acetate. 

The total ion c hromatogram and mass chromatogram of the 

partially hydrogenated trail pheromone acetate are shown in Fig. 

3-5. Mass chromatograms were recorded for the diagnostic ions, 

acetate and/or t-1+ ·, of dodecyl 

acetate [(M-60)+·: m/z dodecenyl 

[(M-60)+·: 

166 I, 

[(M-60)+·: m/z 168)' 

dodecadienyl acetate 

m/z 164 and M+ ·: m/z 2241 and dodecatrienyl acetate 

[( M-60)+·: m/z 162 and M+· .. m/z 222), respectively. These mass 

c hromatograms 

monounsaturated. 

also indicated that peaks 

Partial hydrogenation of 

D and C +D were 

a triunsaturated 

compound should produce three monounsaturated isomers. Judging 

from the half-height width, peak C+D consists of two dodecenyl 

acetates. Peaks E, F and G represent dodecadienyl acetates of 

which G has conjugated double bonds. 
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< l ON 110. 

Fig. 3-5 Tolal ion chromatogram(TlC) and mass chromatograms 

of lhe partially hydrogenated lrail phcroaono a celale 

A: CtzllzsOAc , D and CtD: CtzllzJOAc, 

B, P and G: Ctzll ztOAc, II : CtzlltgOAc 
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(c) Capillary GC-MS analysis of the partially hydrogenated trail 

pheromone acetate after ozonolysis 

The total ion chromatogram of the ozonolysis products of the 

partially hydrogenated trail pheromone acetate showed major four 

peaks "W" , "X" , "Y" and "Z" ( Scan No . 2 9 2 1 1 4 9 , 277, 397 

respectively ; Flg. 3-6). Component of the pealt "W" was ident i-

fied as unreacted dodecyl acetate by the retention time and mass 

spectrum. Components of the peaks " X", "Y", "Z" were identified to 

1-nonanal, 6-acetoxy hexanal and 8-acetoxy octanal by their 

retention times and mass spectra . Thus, the double bond positions 

of the trail pheromone were determined as 3, 6 and 8. 

o.o 

'I 

100 200 

s.o 

300 

TIHE<HIH.> 
1~.0 

TIC~tO . O 

400 500 
SCAH 110 . 

Fig. J-6 Tot~i lon ch ro•~togra•(TlC) of the ozbnol7sis products of the 
p~rtl~ll7 h7dro•enated trail pherc•one acetate 

W: Oodec7l a ceta te(Scan No.292), X: t -Nonanal (Sc~n No.t49), 
Y: 6 - Ac etox7 hexanal(Scan Nc.277), z: 8-Aoetoxy cotanal(Scan No.397) 
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(d) Capillary GC-FTIR analysis of the partial l y hydrogenated 

trail pheromone acetate 

Half of the partially hydrogenated trail pheromone acetate 

was analyzed by capillary GC-FTIR with a MCT detector. The tota l 

absorbance monitoring (TAM) of GC-FTIR showed elllht peaks (Fq[. 

3-7) . The IR spectrum of the vapor phase of a 1 1 the peaks, 

except peak I, showed absorptions typical of acetate der1vat1ves 

of primary alcohols, i.e., C-H stretching around 2900 cm- 1 , C=O 

stretching at 1762 cm- 1 , C-0-R stretching at 1 23 •1 cm- 1 

(Wilmshust, 1957). The IR spectrum of peak t Sllll.iCSts an 

hydrocarbon, which may be derived from solvent impurity. 
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Fig. 3-7 Total abs orbance • onitorina (TAM) of t he partiulJy 

hydrogenated trail phero•one acetate 
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Typical IR spectra of the peaks are shown in Fig. 3 - 8-10. 

Peaks C+D and E had a n absorption at 960 cm - 1 (Fig. 3-9) and 

peaks G and II two absorptions at 949/976 and 949/980 cm- 1 , 

respectively (Fig. 3-10). A trans carbon-carbon double bond gives 

rise to an absorption around 970 cm- 1 due to the C- H v1bration. 

Isolation trans double bonds give rise to one abso rption and 

conjugated cis, t r ans double bonds to two absorptions. If all of 

the three double bonds i n t h e p h eromone molec ule hnve trans­

confi g uration s, all of the peaks of the partially hydrogenated 

trai l pheromone acetate except saturated peak A should give rise 

to trans absorption. If two out of t h e three double bonds 

100 )0 
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Fig . 3 - 9 IR spectra of the peak s C• D a nd R I n Flg . 3 - 7 
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trnns-configuration , a l l o f t he p e aks d e ri v e d fro m 

dodecadienyl acetate must sho w t rans abso rp t i o n. I f o ne o ut o f 

the three double bonds i s t rans , t wo o u t o f t hree p e aks d e r i v ed 

f rom t h e dienyl acetate must a b s o rb aro und 9 70 c m- 1. Of the 

dien yl a cetates , pea ks E and G s h owe d trans absor pt i o n bu t peak F 

did not. According to t h e a bove reaso n s a s , t h e te rmite trail 

p h eromone s hould have one trans d o uble b on d i n t h e con juga t e d 

double bo nds . Peak G s h ows abso r pt i o n a t 9 49 and 9 76 c m-1 d u e to 

conjugn ted cis, tran s double b on d s and o n e out of two doubl e 

bonds must be t rnns (Cleme r & Solomo n s 1953) . 

Thus, t h e structure of t he t rail p h e r omo n e is 

3 , 6,8-DTE-011 or (Z, Z,E)-3,6 , 8-DTE-OH. 

- 51 -



(e) Co mparison of retenti o n time data of the partially 

hydrogenated trail pheromone a cetate and reference acetates in 

capillary GC. 

(Z)-3-dodecenyl acetate, partially hydrogenated (Z)-3, 

(Z , E)-6,8-dodecadienyl acetate (Z,Z)-6,8-dodecadienyl acetate 

(1:2) were used as reference compounds . In the c hro matog ram (Fig. 

3-11), peak B had a retention time identi cal to that of the (Z)-3 

acetate and peak C+D one identical to that of the mixture of 

(Z)-6 and (E)-8 acetates. The (Z) - 8 isomer appeared between peaks 

C+D and E. Peak F had an identical retenti o n time to that o f 

(Z,Z)-3,6-dodecadienyl acetate, peak G one identical to that of 

(Z,E)-6 , 8-dodecadienyl acetate. 

\ 
1. Partially Hydrogenated 

Trail Pheromone Acetate 

\ 
2 . Mixture of Authentic 

~A 
Capi llary 

~18o'c 
~7LL/M 
80C(lmin) 

Splitless Injection 

C+D G H 
A 

B 

Fig, 3-11 Comparison of retention data of t he partially h ydrogenated 

trail pheromone acetate and referen ce a ce tate s in c apillary OC. 
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All the data supported that the configuration of the 8 

position Has trans and 3 and 6 were cis , and proved that t he 

trail pheromone of the termite R. speratus was identical with 

(Z,Z,E)-3,6,8-dodecatrien-1-ol (DTE-011; Fig . 3-12) as the same 

compound of the trail pheromone of R. virginicus by Matsumura et 

al. ( 1968) . 

6 3 

8 OH 

(Z,Z,E) - 3,6 , 8-dodecatrien - 1-ol 

Fi g . 3- 12 Trail pheromone of Reticulitermes speratus (Kolbe) 

3.3.3 Capillary GC - MS-HR- SlM analysis of sternal gland extract 

It is necessary to evidence the coincidence in the chemical 

structure of t he active substances from both whole body extracts 

and sternal gland extracts . Otherwise, it can not be concluded 

t.~hether the trail pheromone is true trail pheromone of R. 

speratus or not. Since the molecula r weight of the trail 

pheromone is lm own theoretical l y , i t is p ossible to detect the 

target component high -sensitiv el y and high-selectively by means 

of capillary GC-MS- HR-SIM analysis. 

Results of GC-MS-HR-SIM analyses shot.~n in Fig. 3-13 

demonstrated that the extracted components from sternal glands 

and Hh ole termite bodies coul d be detected as sharp peaks o f 

IIR- 811'1 at m/z 180.151 and m/z 181.155, and that b oth of them 

could be high-selectively isolated from the impuriti es . The 

retention times of the both components Here t he same as that of 

au then lie DTE-011. The component o f t he sternal gland extracts 

exactly corresponded to that of t he t.~hole body extracts, which 

HOS identical Hith DTE-OH. 
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On the basis of the present results of GG-I'IS-IIR-S H1 

analysis, it was concluded t hat the isolated substance from whole 

body was defini tely the true trail pheromone of R. speratus. 
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Fig. 3- 13 Capi llary OC-HS - HR-S IH data of the sternnl glnnd extrnots. 

A: Au thenti c dodecatrienol isomers 

a : ( Z, Z,li') - I>TB-OH; d: ( Z , B,E)-OTB-011 

D: Whole body extracts 

C: Sternal ~land extracts 

(1) : IIR-S lH c hromatogram at oe/z 181.1 55 

(2): IIR- SlH c hrooeatogram at m/z 180.1 6 1 

Arrow heads indicate the ( Z, z, E) - D'I'B-011 p eaks 
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3 .4 Summary 

Approximately 100,000 workers of the termite, R. speratus 

(Kolbe) were extracted with n-hexane to isolate trail pheromone. 

The ex tract was purified by silica-gel column chromatography , 

argentati on si J ica-gel column chromatography, normal phase IIPLC 

and gas chromatography. Its trail-following activity was 

coi n~identally examined by bioassays . The complete chemical 

structure of the pheromone was determined as (Z,Z,E)-3,6 , 8-

ciodecatrien-1-ol (DTE-OH) by means of instrumental analyses in 

conjunc t ion with several micro-chemical reactions. Sternal gland 

extracts also contai ned DTE-OH, when analyzed by capillary gas 

chroma t ography mass spectrometry high resolution selected ion 

monitoring (GC'-MS-IIR-SIM). 
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Chapter 4 Isolation and identification of the Trail Pheromone 

of the termite , Coptotermes formosanu~ Sh i rnlci 

4.1. Introduction 

The trail pheromone of the termite, RetJculitermes speratus 

(Kolbe) (Rhinotermitidae) t.tas isolated and identifJed as 

(Z,Z,E)-3,6,8-dodecalrien-1-ol (DTE-011) which has exacLiy the 

same structure as that from R. virginicus (l'lat!Jumura et al. 

1968,1969), as described in Chapter 3. 

In this experiment, c . formosanus was served f or the 

isola lion of the trail pheromone and the determi na lion 0 f its 

complete chemical structure with a special reference to species 

specificity of the pheromone within the family RhinotermitJdae 

(Tokoro et al. 1989; 1992a). 

4.2 Materials and Methods 

Except for the termite species tested, bioassay meth od!J and 
chemicals were the same as described in the sections of 3.2. 1 and 

2, as of this part. 

4.2.1. Isolation of the trail pheromone 

(1) Extraction 

The test termites were soaked in n-hexane (ca. 300 ml per 
20,000 individual termites) for three days without homogeniza­

tion. The hexane extracts were obtained by filtration and stored 

at -2o• c until the next step. These manipulations Here repeated 

twenty times to obtain extracts from approximately 561g workers. 
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...... 

(2) SiJica-gcl column chromatography 

The extracts comhined with n-hexane were concentrated by a 

rotary vacuum evapornto r until the yellowish crude oil was 

obtainPd (ca. 51 g). This crude oil was first divided into two 

parts, and each part was separately fractionated by silica-gel 

column chromatography t.ti th llx/EtOAc eluants. Five hundred grams 

of silica-gel (70-230 mesh) was packed into glass column (1m x 6 

em i. d. ) , t.ti th the halved crude oi 1 placed on the top of the 

silica-gel. The column was eluted with Hx/EtOAc combination, 

successively increasing the polarity, and wi lh methyl a lcohol . 

Volume of eluants was three liters for each elution step , 

regardless of mixing ratios of n-hexane and EtOAc . It was finally 

separated into 21 fractions (one liter each). 

(3) Argentalion silica-gel co lumn c hromatography 

The pooled active fract1ons were concen t ra ted to obtain the 

cr- ude material (ca . 350 mg), and then fractionated into 9 

subf rac lions ( 4 5 ml each) by 20% (w/w) AgN03 silica-gel column 

c hromatog raphy Hi lh llx/EtOAc in the similar manner described 

above (AgN03 si J ica-gel : ca. 7g 

i.d.). 

glass column: 30 e m x em 

( 4) Normal phase II PLC 

The active fractions subdivided were further fractionated by 

normal phase II PLC HiLh 10% EtOAc/ llx, and flow rate was 1 ml/min . 

The active substance was detected by UV detector at 234 nm and 

fracUonaled aL each peak for bioassay. The IIPLC was l'lodel LC-6A 

(Shimndzu) pump connected with Model UVIDEC-10011 detector 

(Jasco, Tokyo, Japan). The analytical column and guard column 

used were the same as described in the section of 3 . 2 . 4 . (4) in 

ChapLet· 3. 
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(5) Preparative capillary GC 

The next step of the purification was carried out by GC 1~1th 

a nonpolar column and consecutively by a polar column. Gas 

chromatography (GC) employed a Shimudzu-GC Hodel 15A (Shimadzu, 

Kyoto, Japan) equipped with a flame ionization detector and a 

splitless injector and fused silica c apillary columns Shimadzu 

lliCap series CBPl-825-050 (25 m x 0.33 mm i .d.: f o r analyt1 ca l 

column), CBP1-H12-300 ( 12 m x 0.53 mm l. .d.: foe preparat1ve 

column) <non polar columns, 

silicone>, CBP20-S25-050 ( 25 m 

column) , CBP20-W12-300 ( 12 m x 

chemically bonded with methyl 

x 0.33 mm i.d.: f o 1· analytical 

0.53 mm i.d.: for preparative 

column) <polar columns , chemically bonded w1th polyethylene 

glycol>. The conditions were as follows: on the nonpolar column, 

oven temperature increased at a rate of 20• C/min 

of 80-3oo•c; injection temperature at 250• c 

over 

and 

the range 

detecto r 

temperature at 350• c ; carrier gas, helium at a velocity o f 

approximately 4 0 em/sec: on the polar column, oven temperature 

inc reased at a rate of 20• C/min over the range of 80-180• C ; 

injection temperature at 250•c and detector temperature ut 350•c; 

carrier gas, helium at a velocity of approximately 40 em/sec. In 

both analyses using preparative wide bore capillary columns, the 

outlet gas was fractionated for eac h peak and the trail f o llowJni 

activity was determined in the similar manner of Chapter 3. 

4.2.2 Identification 

(1) Capi l lary GC-MS analysis of the isolated trail p heromone 

Finally, the active peak characterized by GC wus analyzed by 

capillary GC-MS. The capil lary GC-MS apparatus and t h e conditions 

1o~ere the same as described in the sections 3.2.4.(1) of chaplet· 

3 . 
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(2) Acetylation of the trail pheromone 

The isolated trail pheromone was first converted to the 

co rresponding acetate in the similar manner of Chapter 3. 

Approximately 10 pg of the purified trail pheromone was dissolved 

in ~00 pl of benzene. Bolh 4 mg of acetic anhydride and 0 . 2 mg of 

pyridine were added to the solution, and the mixture was 

incubated at 80•c for three hours. Formation of the acetate was 

ascertained by c apillary GC. The reacted solution was washed with 

IN-IICl once u11tl then Hi th distilled water twice. The reacted 

substance was analyzed by c apillary GC-MS, and the results were 

compared with those of the authentic acetylated DTE-011 (DTE-OAc) . 

(3) Partial hydrogenation of the trail pheromone acetate 

About 8 

hydrogenated, 

pg of the trail pheromone 

in the similar manner of 

acetate was 

Chapter 3, 

parti a lly 

unde r the 

following conditions . The stock solutions of hydrazine hydrate 

and hydrogen peroxide were respectively prepared by dissolving 90 

~tl of hydrazine hydrate or 5 pl of 30% hydrogen peroxide in 1 ml 

of ethyl alcohol. An 100 )Jl each of these stock solutions was 

added to a glass vial cot1taini ng the trail pheromone acetate , and 

lhe mixture was incubated at 60• c for four hours. Distilled water 

wns later added for quen c hing the reaction, and the mixture was 

thus extracted IJi th n-hexane ttJice . Partial hydrogenat i on of 

DTE-OAc was carried out according to t h e similar manner . Those 

partially hydrogenated products were analyzed by capillary GC-MS. 

(4) Ozo nolysis of the partially hydrogenated trail pheromone 

acetate 

A half aliquot of the partially hydrogenated substances was 

ozonized with ozone gas, and those ozonolysis products were also 

analyzed by capilla ry GC-MS to determine the positions of double 
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bond in the trail pheromone, in the similar man ner of Chapter 3. 

(5) Determination of stereoc hemistry of each double bond of the 

trail pheromone 

The stereochemistry of each double bond was determined by 

comparing retention time data of the partially hydrogenated trail 

t t d f acetates 1. n the similar manner pheromone ace a e an re erence , 

of Chapter 3. 

4.2.3 Capillary gas c hromatography mass spectrometry high 

resolution selected ion mon i toring (GC-MS-liR-SIM) analysis of the 

sternal gland extracts. 

The dissected abdominal fiflh-sternites a nd the whole 

termite bodies were soaked in 1 ml of n-hexane for ten hours 

respectively. The whole body extract were simp ly purified by 

flash silica-gel column chromatography . Both of the extracts were 

condensed by rotary vacuum evaporator and analyzed by capillary 

GC-MS-HR-SIM. The capillary GC-MS apparatus was a Model 5890 gas 

chromatograph (HP) combined with a Model M-808 mass spectrometer, 

which equipped with a model 0101 on-line data system (llltachl, 

Ibaraki, Japan), A fused-silica WCOT capillary column (25 m x 

0 . 25 mm i.d., liquid phase PEG-liT; GL Science Ltd. Tol<yo, Japan) 

was used with this system.The analytical conditions were as 

follot<~s. The ion source temperature was 180•c , and ionization 

energy was 70 eV . Samples were injected with a Grob type spilt­

less injector in 1 ~1 of n-h exane . The oven temperature increased 

at a rate of 30• C/min over the range of 60 21 o• C , and the 

injection temperature was 210•c . The resolution was approximately 

6000 , and SIM monitor was set at m/z 180.1513, which was precise 

molecular weight of DTE-011 . 
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4.3 . Results and Discussion 

4.3.1 Isolation of the trail pheromone 

Trail-following activities estimated by bioassay are shown 

in Fig . 4-L along with the isolation procedures of the trail 

pheromone from C. formosan us. 

(I) Results of bioassay with the crude hexane extracts 

In this investigation all the termites employed were once 

fed by filler paper as described in the Tables 1-2,3 in Chapter 

1, because it was requested to ascertain that the initial hexane 

extract did not contain any intestinal substance which is 

involved in trail-following behavior other than a true trail 

pheromone (Tschinkel & Close 1973). Detected trail-following 

activity definitely did not derive from the decayed wood ingested 

by termites as indicated by previous investigators (Matsumura et 

a). 1968, 1969; Matsuo & Nishimoto 1974; Grace & Wilcox 1988). 

Qualitative analysis of functional groups indicated that the 

trail following activity of crude hexane extracts was remarkably 

lo~<~ered by bromi nation and by acetylation. It suggested that the 

811 bstance might have double bonds and hydroxyl groups as similar 

to t he pheromone of R. speratus (DTE-OH). 

(2) Results of bioassay after sili ca-gel column c hromatographies 

Oased on the results of the silica-gel column chromatogra­

phy, the trail pheromone ~<~US eluted mainly in t he range of 15-20% 

ELOAc/llx (Fig. 4-L). Fractions '"'ilh t his property usually consist 

of alcohols, sterols, and fatly acids. The fact that the trail 

pheromone of R. sperstus is a l( ind o f alcohol IDTE-OH), appears 

Lo sllpporl that the pheromone could be a similar alcohol 

compound. 

- 61 -



Results of bioassay after 20% AgNo3 silicn-gel c hromatogra­

phy are shotm in Fig. 4-1. Separation of compounds under these 

conditions depends on the b f d bl num er o ou e bonds and the 

geometrical configuration of .1' somers. Th · h .1s p eromone ,.,.as mainly 

eluted in fractions of 40-60% of EtOAc/llx. 

Hexane 

Hexane 10% 
BtOAc 

(-) · (-) 

6 " 
BtOAo 
(-) 

20% 
BtOAo 

(-) 

Coptoter•es for•ossnus 
200,000 workers( oa.561g) 

orude hexane exlruots 
(O.Otl5)• 

10% 16X 20X 
BtOAo 

BtOAo HeOII 
BtOAo BtOAo (-) c•p•" 

20% AgNO Sllica-Oel 

Co~u•n Ch,o•atographz 

30% 40% 60% 
BtOAo BtOAc BtOAc 

(-) (0.06) (0.01) 

I I 
II P L C 

I 
Capillary OC 

( 1) (-) 

60% 
BtOAc 
( 0. 1) 

I 

80% BtOAo 
BtOAo 

( I) (-) 

Fig . 4 - 1 Isolation process and lroil-following activity 

Of the trail pheromone of C. fOriiJOBilnUB 

a: Activity esti•ated by •edified Open-Field bioossoy 

(figures in parentheses mean •inl•u• effective worker 

equivalent(HBWB) per 15c•-trall and " " •eans > HBWB 10) 
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(3) Results of JIPLC preparation 

To indicate the presence of conju~ated double bonds, the UV 

detector of the IIPLC was set at 234 nm. This pheromone showed 

high activity in a penlt at the retention tirne of ca. 14.5 min, 

confirming the presence of conjugated double bonds (Fig. 4-2), 

E 
c 
~ 
N ... 
" Cll 
v 

1.0 

~ 05 
..0 .... 
0 

J.l 
~ 

0 

0 

File. -t -2 

5 10 

Retention 

15 20 

Time (min) 

HI'LC ohromnlogralll of the active fractions after 

by AgN03 silica-gel chromatography 

An arrow indicates the active peak(tR . 14 .6) 

(4) Results of OC analyses 

25 

fractionation 

Results of GC are shown in Fig. 4-3. At first, on using a 

non-polar column, the retention time of the pheromone was ca. 

6 . 46 min, which was nearly identical with that of 1-dodecanol. 

Secondly, on using a poilu· column, the retention lime was en . 

8.48 min, slightly more than that of 1-tetradecanol. 

The two different GC analyses sugaested that this pheromone 

could be a twelve-carbons al cohol with conjugated double bonds. 
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Reten t ion Time (min) 

Fig . 1\-3 Gas chromatog rams of t h e trail ph eromone from C. for11Josanu 8 

A: Nonpolar column 

a: Authentic alcoholalretention t.i mes(min)J 

l:Ctoll2t011 ( 4. 9), 2:C 11n23oll(6.7), 3:(Z,Z)-3,6- c 12Jt 21 o ll (6.2), 

4:Ct2112sOH(6 .4 ), 5:(Z,E)-6,8-c12H21 o ll (6.7) , s:c 13 ~t 27oH (7.o), 
1 :c14 n29o H( 1 . 1 > 

b: The trail pheromone of C. J"oriiJos~nu:~. 

An a r row i ndicates t he ac t ive pe a k(tU. 6.5 ) 

ll: Polar column 

a: Au t hentic a lcohols[re t en tion lime( mi n ) J 

l:C1oll z t OII(5.3), 2:c 11 H23oH(5 . 8), 3:c1 21! 25oH(6.5), 

4: ( Z , Z)-3 , 6-C t zllz JOII (7. 1) , 5 :c 13H27oll( 7. 4 ) , 

6: ( Z , E) -6 , 8-C 1211 2 10 11 ( 8. 1) 1 7: C 141129011 ( IL 4) 

b: Trail pheromone of C. foriiJusa nus •• 

An arrow i nd i c a tes t he a ctive peak (tiL 8.5 ) 

- 64 -

4.3 . 2 Identification of the trail pheromone 

(1) The primary structure of the trail pheromone 

(a) Major component 

Capillary GC-MS data of the trail pheromone are shown in 

Fig. 4-4. The spectrum of major component (Fig 4-4; Scan No. 333) 

shows the prominent molecular ion peak at m/z 180 ( 30") and the 

series of characteristic fragment ion peaks at m/z 91 (100"), 105 

(58"), 119 (29"), 133 (13"). These results showed that the 

primary structure of the trail pheromone of the termite C. 

formosan us was straight-chained dodecntrien-1-ol containing 

conjulo(nled double bond, same as DTE-011 . The amount of the 

isolated trail pheromone pe~ individual worker termite was 

estimated on the bnsis of capillary GC analysis to be 

approximately 50 pg, and it was relntively bigger than that of R. 

speratus or R. virginicus. 

(b) Minor compone n t 

In addition, I also isolated n minor component which showed 

the trail-following activity (Fig. il-4; Scan No . 346). The mass 

spectrum of the component also showed a prominent moleculnr ion 

at m/z 180 and the series of diagnostic ions at m/z 91, 105 , 119 1 

133 (Cnllzn - 7 ). These results indicated that the component was n 

isomer of DTE-011. It was possible that the minor component was a 

species specific sub factor of the trail pheromone of C. 

formosanus . Amount of the mi nor substance per individual '~orker 

termite was to be approximately 5 pg · from external standard 

tt! c hnique of (J (; analysis. Fut·thet· stereochemical analysis Has 

d e scribed Chapter 5. 

- 65 -



A 

00 

100 

B 

10 " " 79 91 
41 

67 
105 

0 
55 

" l ~~ I k. !!. 
0 I I 

50 

200 300 

M+· 
119 180 

l3 
J. Ll. 

I 

3r 

Tl ME(MIN) 
10 0 

I 

~ 
1/X) 

SCAN NO. 

TIC 

ITYZ180 
5X> 

50 100 150 200 250 300 

Fia. 4-4 

m I z 

GC-HS data of the isolated trail pheromone from C. formosanus. 

A~ Tota l ion chroaa t ogram and mass chromutoarumY. 

Arrows indicate the active peuks(Scun Noa.333 and 346) 

B: Haas spectrum of the trail pheromone(Sc un No.333). 
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(Z) The detailed structure o f the trail pheromone 

compo nent). 

(n) GupilJury GC-MS unulysis of t h e trail pheromone acetate 

(major 

The electron impncted (EI) mass spectrum o f the acetylated 

pheromo ne is shown in Fig. 4-5. The EI mass spectrum showed a 

molecular ion at m/? 222 IM+·; 9.2%) and base peak ion at m/z 43 

(CII 3C·'"'"U+; 100%). l t also showed diagnostic peak ion of the 

p h eromone acetate at m/z 162 ( 1'1-60+·; 11.0%) which came from 

~lcLnfferty r earrangement, and the prominent diagnosti c fragment 

ions of Lhe pheromone skeleton, i.e. m/z 91 (56%) 1 105 (27%) 1 119 

(18%), 133 125%) were also obse rved. The present analysis 

indicated that the substance was corresponded to dodecatrienyl 

acetate with a conjugated double bond . 

100~------------------------------------------~ 
43 

91 

Fig. 4-5 Mass spectrum of the trail pheromone acetate 

(b) Capil lary GC- MS nnnlysis of the partially hydrogenated trail 

pheromone a cetate 

The total ion c hromatogram (TIC) and the mass c hromatograms 

(N C) of the partially hydrogenated products were '"ell 

co t• t·csponded to that of authentic DTE-011, as shown in Fig. 4 -6 . 

The TlC sho1-1ed seven peaks marked as "A" , "B", "C", "E", "F", "G" and 
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"II". Component of the peak "A" (Scan No. 339) shoucd the 

diagnostic peak of mass chromatogram at m/z 168 ((1'1-60)+·). ll 

was identical with dodecyl acetate. Components of the pealts "U" 

(Scan No. 344) and "C" (Scan No. 347) shoHed the diagnostic peaks 

of MC at m/z 166 [(M-60)+· ), Those were identical Hith dodecenyl 

acetates. Half height width of peak C suggested that it consisted 

of two monoenic compounds ( "C" and "0"). Components of the peaks 

"E" (Scan No. 353) and "F" (Scan No. 355) showed the diagnostic 

peaks of MC at m/z 164 [ (M-60)+·). Those were identical w1th 

dodecadienyl acetates. Component of the peak "G" (Scan No. 3821 

showed the diagnostic peak of MC at m/z 224 (M+ ·), and also 

shoHed the peak of MC at m/z 164 ((M-60)+·). It was identical 

with the conjugated dodecadienyl acetate. The mass spectrum and 

scan number (Scan No. 391) of the peak "II" were identical with 

those of the original dodecatrienyl acetate, and also showed the 

diagnostic peaks of MC at m/z 222 (M+·) and m/z 162 IIM-60)+·). 

( 1) 
362 

TIC 

(2) C•O 
G H 

300 350 400 

Fl1. 4-6 Tolal ion ohroaalo•raae(TIC) and aa•B ohro aalolraaa(HC) 

or lhe parllally hydrolenated trail pheroaone a cetates 

(1): TIC or the partially hydro1enaled aulhenLio UTK- OAo 

A(Scan No.339) 
O(Soan No.JH) 

B(Scan No.353) 

O(Scan No.382) 
II(Sc an No.39 l) 

: dodonanolo aoclaLft 

and CtO(Scnn No. 341) : ol ndcoeno l o acetrato, 

nnd F(Scftn No.366) = d odooad l cnyl a oe lale, 

= conJu•aL~d dodnoadlcnyl noolalo, 
= dodecatrlony l noelale 

(2): TIC and HC or lhe partial ly hydroacnaled lrall pheruaune 

'""' ln lf'l. 
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(c) Cnpillary GC-MS analysis of the partially hydrogenated trail 

pheromone acetate after ozonolysis. 

The TIC of h t e ozonolysis products of the partially 

h.vdrogenaled trail pheromone acetate revealed prominent four 

Penlts "W","X","Y" and "Z" (F'g 4 7) C t f - '1 · - . omponen o the peak "W" 

(Sc an No. 340) was identified as unreacted dodecyl acetate on the 

bnsis of the retention lime and mass spectrum . 

The mass s pee t rum of the peak "X" (Scan No. 193) shoHed 

m/z 124 ((M-11 20)+·], 114 dia~nostic fragment 1ons at 

Cll 2=cii 2 >+·J, 99 lll-1-43>+1, 98 

(CII 2 =CH-0111, 43 (Cllz=CH-0·) . 

[(M-44)+'), 70 ((M-44-28)+·), 

the 

I (M-

44 

The mass spectrum and the scan 

number were identical with 1 -nonanal. 

The mass spectrum of the peak "Y" (Scan No. 327) showed the 

diagnostic fragment ions at m/z 115 ((t-1-43)+J, 98 [(M-60}+·1, 87 

I 1~1-43-28)+), 61 ICII COOJI II) 3 + I 55 [(M-60-43)+j, 

CII2=CII-0·) · The mass spectrum and the scan number were identical 

lJ it h 6-ace toxy hexana1. 

0.0 5.0 1 .0 

z 
I 

TI C 

~9"!"i"''Fi"'T"1""F'f"'M"'i"i'"T'i'9""""''ff"'f"i"Fr'i"'i'''i'9'"T~M"'I'i"'~~;:;;::o;;:;:;:;;M;:;J- m1 z s1 
100 200 300 1.00 500 

Fil(. ot - 7 Tolol ion c hro mnto l(rnll (TIC) nnd •naa chro•atogra • (•/a 61) 

of the o~onolyaia products of the partially hydrogenated trail 

phct"omone ooc lnlc 

W(Scnn No . 340) = tiodccnnoic ncelnte 

X(Scan No. 193) = 1- n onan n.l 

Y(::ican No.:l27) = 6-noeloxy h exonn. l 

Z(Scon No.ot12) = 8 - ooetoxy octnnnl 
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The mass spectrum of the peak "Z" (Scan No. 412) sho1.Jcd the 

diagnostic 

(CH 2 lnl+], 

fragment ions at m/z 129, 115, 101, 

98 ( (N-60-28)+·), 83 ( (N-60-43)+], 61 

and CII 2: CII-O·). The mass spectrum 4 3 ( CH 3c:::o+ 

number were identical with 8-acetoxy octanal . 

8 1 , 1 J t nt- 43-

(CJI3C'OOJI t II), 

and the scan 

Those data agreed with that of previous experiment on sex 

pheromone of the potato tuberNorm moth, Phthorimaea operculella 

Zeller (Lepidoptera: Gelechi idae; Yamaol<a 197 8). Those da La 

indicated that the positions of double bond in the trail 

pheromone Here determined as 3, 6 and 8, which Here Lhe same as 

those of R. virginicus and R. speratus. 

(d) Co mpar iso n of retention time data of the partially 

hydrogenated t ra il p h eromone acetate and reference a cet.ales in 

capillary GC . 

Retention time data of partially hydrogenated trail 

pheromone acetate exactly corresponded Hith that of partially 

hydrogenated DTg-OAc, and was not identical I.Jilh that of the 

mixture of (E,Z), (Z,Zl and (E,E)-6,8-dodecadlenyl o.celates. All 

of the data showed that the configuration of Lhe 8 pos1Lion was 

trans and those of 3 and 6 were cis. 

The results well proved that the trail pheromone of the 

termite , Coptotermes formosan us I.JaS identical with 

(Z , Z,E)-3,6 , 8-dodecatrien-l-ol . 

Subsequently , termites of genus Coptotermes actually secrete 

DT E - 0 II t h a t i s p r o d u c e d by t h e t e r m i L e s o f L h e ll e n u s 

Reticulitermes. Possibly, the interspecific confusion is brought 

about if the same trail pheromone works among different termite 

species . lloHever , it is i n ferred that such confua J on dose not 

happen normally in the natural environment, since the LermJles 

oppose to each other when they meet in the na Lura I hub 1 tu t. 

Termites may distinguish members of the same colony from others 

by detecting other agents such as surface hydrocarbon (wax) 
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instead of a trail pheromone. Mechanism of discrimination is 

1<orthy of further investigation so as to appreciate "wisdom" 

termites , which has been created possibly as the result of 

evolution of these kinds of animals. 

of 

the 

4. 3.3 Capillary GC-HS- IIR-SIH a nalysis of sternal gland extracts 

Results of capillary GC-MS-IIR-SIH analyses demonstrated that 

the extrncted components from sternal glands and wh ole bodies 

could be detected as a peak of IIR-SIH at m/z 180.1513 and that 

those component could be high-select i vely isolated from the 

impurities (Fi~. 4-8). 

A B c 
SWE t.()()pg ; SWE t t 

6 .0 6.5 6.5 
~:::::::::::::::=~-.------~ m/Z 180.513 

7.0 6.0 6.5 7.0 
Re1entlon Time (min) 

1711(. 4- 0 Rosulls of lhe capillary OC-MS - IIR-S IH (•/.s 180 . 1613) analyses 
A: Authe n t i c DTB- 011 (400pg) 

0 : Wh o le body ext rac ts (6 wo rkers equivalent) 

C: Slernal gland e xtrac ts (5 workers equivalent) 
Arrow heads indi c ate the (Z,Z,B)-DTB-011 peaks 
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The components from sternal glands and whole termite bodies 

Here absolutely identical wi lh DTE-011 in the capi 11 ary GC-HS-IIR­

SHI analysis. The amount of the pheromone extracted from I 00 

whole bodies was estimated to be approximately 90 pg per a worker 

termite, it was relatively more than the isolated pheromone from 

200,000 whole bodies . The Height difference might be due to the 

loss during the process of the latter's purification. On the 

basis of the present results of capillary GC-~IS-IIR-SH1 analyiies, 

we concluded that the isolated and identif1cd tra~l pheromone wus 

the true trail pheromone of C. formosanus. 

As demonstrated here, the trail pheromone HUS certatnly 

isolated from termite workers fed only Hith moistened filler 

paper which was pure cellulose for a year or lon(Cer. There are 

two possibilities to account for the fa c t de novo synthesis 

from cellulose and a long term (at least one year) storage of the 

pheromone. The latter , hoHever , seems impractical because the 

daily trail following behavior is closely related to the 

secretion of the pheromone and stored quantity sooner or later 

would result in depletion. Therefore, the tra1l pheromone could 

be biosynthesized via de novo pathway, although it is still 

necessary to prove de novo synthesis of the trail pheromone by 

other methodology such as tracer technique. 
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1\, 4 Summary 

The trail pheromone was extracted from the whole bodies of 

C. formosanus Shiralti (ca. 200,000 in number) , and purified by 

silica-gel column chromatography, argenta tion silica-gel column 

chromatography , high performance 1 iquid chromatography ( IIPLC) and 

preparative capillary gas chromatography (GC) . The trail-

following activity of each 

1~as examined by bioassay. 

fraction obtained by chromatography 

The active GC peak was a n alyzed by 

capillary 

rletermine 

gas c hromatography-mass 

the primary structure . The 

spectrometry (GC-NS} 

primary structure of 

to 

the 

pheromone was determined as normal chain dodecatrien-1-ol by 

cap illary GC-NS analysis. Moreover, the complete structure of the 

trail pheromone was found lo be (Z,Z,E)-3 , 6,8-dodecatrien-l-ol by 

means of capil lary GC-MS analysis after acetylation , partial 

hydrogenation and ozonolysis of the isola ted trai 1 pheromone . 

Cnpi llary GC'-~IS-IIR-SHI analysis also confirmed that t h e trail 

pheromone exactly existed in the sternal gland . 
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Chapter 5 

Based 

Presence of a Minor Component of t h e Trull Ph eromone 

from Coptotermes formosanus Shi r aki 

5. 1 I n troduction 

on the results of the investigations on Lhe tru i 1 

pheromones from R. spera tus and C. formosan us (Chapter 3 and 4) , 

the pheromones proved common to both termite species. The 

chemical structure of the pheromone was exactly Identical Hi th 

(Z,Z,E)-3,6,8-dodecatrien-l-ol (DTE-011) which was previously 

obtained from R. virginicus (Matsumura et al . 1968,1969; Tui et 

al. 1969). 

Moreover , in the course of the 1solation and 1dent1fication 

of trail pheromone from C. formosanus, a small amount of an 

isolated material tvhich tvas not identical with DTE-011 chemically 

but showed the trail-followi n g activity was obtained as described 

i n Chapter 4 . The mass spectrum of oapillary GC-MS analysis for 

the material was diagnostic pattern of isomer of DTE-011. 1 t, 

therefore, seemed possible that the material was a rather minor 

component of the trail pheromone that. was specific lo C. 

formosan us . 

The main pu r pose of this experiment was to Jdentify the 

component and to determine whether the component. 1s a mu1or 

component of trail pheromone of C. f"ormosanus or not by means of 

neH analytical technique . In addition, the species specificity of 

the minor component was exami ned in choice bioassay using the L1~o 

termite species (Tokoro eL al. 1992a; to be published). 

5.2 Materi a l s a nd Meth ods 

Test termites, chemicals , apparatus , bioassay methods (Y­

test), methods of isolation and capillary GC-MS una l ys t s Here the 

same as already described in chapters 1 , 2, and 4. 
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5 . 2 . I Partiul h ydroge nat i o n of the mi n or compon e n t 

authentic DTE-OH isomer we r e The 

partially 

pProxide 

obtained 

minor component and 

hydrogenated with 

in a similar manner 

hydrazine hydrate and hydrogen 

as mentioned in Chapter 3 . The 

products were analyzed by capillary GC-MS , and the 

rrsults tvere compared with each other. 

5 . 2.2 Aut h e n ticity o f t h e mi n o r co mpon e n t by c apillary 

GC - MS-IIR-SI M a n a l ys i s . 

Three analytical samples were prepared as f o l lows: 

sample (I) -Extract of 500 whole body workers was p ur ified by 

s1 lica-gel pipette flash column c h romatograph y with BtOAc/llx 

eluants by stages after soaking i n n-hexan e f or 10 h ou rs, and 

then condensed prior to filling up to 30 p l with n-he xane; 

sample (2) - Extracting 50 whole body workers with diethyl e t he r 

for 5 minutes , the solvent was evaporated with n it r ogen gas. Th e 

remaining extract was filled u p to 5 ~ 1 with n-he x a ne; 

sample (3) - After ex t racting one whole body wo r ke r wi th n- hexane 

for 40 minutes, the solvent was evapora ted wi t h nitrogen gas . The 

remaining extract was filled up to 1 p l with n - hexan e . 

The above three samples were p r epa red f or both t ermite 

species . One pl each of the sample Has s e rved f o r analys is . 

5 . 2.3 Inte r s pecif i c Y- t.est fo r crude e ternal gland extract a nd 

the au t h e nti c a l coh o l . 

Tn order to determine t h e s pecies spec i f i city o f t ra i l 

pheromone, i nterspec i fic Y- tests ~~ere cond u c t ed . Prep a ra t i o n o f 

sternal gland extract and authen tic DTE-011 s o lution s and the Y­

test met h od we r e described in Chapters 1 and 2 , r espective ly . 
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Fig. 5- 1 Capillary GC-MS data of the trail pheromone a nd Lhe minor 
component isolated from Coptotermes formo9anus 

A: Tota l ion chromatogram a nd mass chromutogram(m/z 180) of t h e 
trail pheromone(Scan No.333) and t he minor component(Scan No.346) 

n: Mass spectrum of t h e mi nor component(Scan No.346) 
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5.3 Results and Discussion 

5.3.1 Chemical elucidation of the minor component 

(!)Comparison of capi llary GC-MS data between the minor component 

and isomer of authentic OTB-011. 

The electron impacted (EI) mass spectra of the minor 

component and authentic DTE-OH were shown in Fig. 5-l. The 

isolated minor component (Scan No. 346) showed the trail-

following activity, and its mass spectrum also showed a 

prominent molecular ion at m/z 180 (M+ ·; 29%) and the series of 

diagnostic ions at m/z 91 ( 100%), 105 (46%), 119 (45%) , 133 (55%) 

(Cnllzn- 7 ). These results indicate that the component was an 

isomer of OTE-011. It was possible that the minor component was 

species specific in terms of the trail pheromone of C. formosanus 

as suggested for a sex pheromone of gelechiid moths in Roelofs et 

al. (I 969). The mass spectrum and retention time tJere the same as 

an authentic OTE-011 isomer (Z 1 E 1 E)-3,6,8-dodecatrien-l-ol 

(hereinafter referred to (Z,E 1 E)-DTE-OH]. Amount of the minor 

substnnce per an individual IJOrlter termite was to be 

approximntely 5 pg o n the basis of GC analysis. 

(2) Hestt lts o f t h e partial hydrogenation o f the mi n o r compon e n t. 

ln o rder to ascertain the identity of the minor compone n t 

with the authentic ( z IE I E) -DTR-011' pa r tially h ydrogenated 

products were compared with each other in capillary GC-MS 

analysis. Results of partial hydrogenation of each component were 

sho1m in Fig. 5-2. Both products showed seven peaks marked as 

"A", "ll", "C'", "E", "F", "G" and "H", and each peak was identified as 

A = n-dodecanol ; D = (Z)-3-dodecen-1-ol ; C = (E)-6-dodecen-1-

ol and (El-8-dodecen-1-ol 

(Z 1 E)-3,6-dodecadien-1-ol 

D = IZ~El-3,8-dodecadien-l-ol E = 
F = (E 1 E)-6,8-dodecadien-1-ol and G = 

- 77 -



(Z,E,E)-DTE-OH. Retention time data of the partially hydrogenated 

minor component exactly corresponded with that of partially 

hydrogenated (Z,E,E)-DTE-OH. Therefore, it was concluded that the 

minor component was identical with (Z,E,E)-DTE-011 (fig.5-3). 

7.0 

368ZEE 
7 

8.0 tR.(min.) 

Ftc. 6-2 Capl llarT OC data or the partially h7droaenated alnor ooapononl 

and aulhentlo (Z,B,B)-DTB-OH 

A: Partl all7 h7dro•enaled alno r ooaponenl 

D: Partlall7 h7dro1enated (Z,E,E)-UTB-OH 

8 6 3 

(Z,B,B)-3,6 , 8-dodecatrien-1-ol 

OH 

Pig. 6-3 Hiner oonponent of the trail phero•one of 
Coptoter•es for•osanus Shlrkl 

5.3.2 Capillary GC-MS-liR-SIM analysis of sternal gland extracts 

It was necessary to evidence whether the minor component was 

actually biosynthesized by termite (in sternal gland) or the 
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natural DTE-011 was isomerized into the minor component. 

High-sensitive and high-selective analysis (capillary 

GC - t-IS-IIR-SH1) can essentially facilitate the detection of such 

minor compon~nt as possible before isomerization occurs. 

As the precise molecular weights of the minor component and 

trail pheromone are known theoretically, to the target component 

high-sensitively and high-selectively were detectable by means of 

capillary GC-MS-IIR-SIM analysis . 

Results of capilla ry OC-MS-HR-SIM analyses demonstrated that 

the DTE-011 isomers (i.e. trail pheromone isomers) from each test 

sample could be detected as a peak of HR-SIM at m/z 180.1513 and 

that those component could be high-selectively isolated from the 

j mpur· i U es, although each two samples ( 2) and ( 3) of two species 

exhibited several impurity peaks due to the solvent impurity 

(samples (2)) or the background impurity from liquid phase 

(samples ( 3) ) . In case of C. formosanus (Fig . 6-4) , all test 

samples exhibited the prominent (Z,Z,E)-DTE-OH peaks. The samples 

(1) and (2) also exhibited the clear peaks of (Z,E,E)-DTB-OH, 

which was equivalent of 35% (w/w) each of (Z,Z,E)-DTB-OH) . These 

results suggested that the minor component, (Z,E,E)-DTB-OH was 

contained in the body of C. formosanus. 

On the other hand, in case of R. speratus (Fig. 5-5), all 

Lest samples also exhibited the prominent '(Z,Z,E)-DTB-OH peaks. 

However, the samples (1) and (2) obtained from R. speratus didn't 

exhibit (Z,E,E) -DTE-011 peaks. The minor component, (Z,E,E,)-DTB-

011, seemed species specific for c. formosanus. The amounts of 

detected tt·ail pheromone and minor component for each termite 

species and analytical sample were determined by external 

standard technique. DTB-011 was ca . 15 ng, 142 pg and 46 pg in the 

samples (1),(2) and (3) respectively for C. formosanus. The minor 

component, (Z,E,E)-DTE-011 was 525 pg , 50 pg, in the samples (1) 

and (2) respectively for the same termite species. For R. 

speratus, DTB-011 1-1as 313 pg, 301 pg and 32 pg in the samples 

(1),(2) nnd (3) respectively. 
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( 1 ) (2) (3) U',Z,f) 

7 

CZ.E.E> 

7 

1-----.------.1801513 

6.0 6.5 7.0 6.0 6.5 7.0 6 0 6.5 7.0 
tR. <min. l 

Fla. 5-4 Capillary GC-HS - IIn-S IH data of the whole body exlrucltl 

from c. rormosanus 

( 1 ) 

6 0 

lln-S IH chromaloRraMB ala/~ 181.1 5 13 

SaMple (I) 

SaMple (2) 
Sample (3) 

16.7 WB/)Jl 

10 WB/)11 
I WB/)J I 

( 2) 

6 5 7.0 60 65 

(3) 

Fig. 5-5 Capillary GC-HS - IIll-S IH data of the whole body exlrao la 

from R. speratus 
llll-S IH chromatogro.mo at m/a 181.1613 

Sample ( I ) 16.7 WB/;Jl 

Sample (2) 

Saaple (3) 

10 WB/)JI 

1 WR/)J I 
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5.3 . 3 Results of Y-test using sternal gland extract and 

uuthentic DTB- 011 

Although (Z,E,E) -DTE-011 was proved to exist in the body of 

C. f ormosanus, the significance o f the component was not yet 

demonstrated . Si nce the active threshold level of (Z,E,E)-DTE-OH 

wns opproximaLely 100 times higher than that of DTE-OH, a 

behavioral effect of the component to the termite might be 

in!'dgnificant by itself. It, therefore, is necessary to evidence 

whether the (Z,E,E)-DTB-011 and DTE-OH synergical1y induce the 

~~orkers of C . formosanus to species specific trail-following 

behavior. 

Two kinds o f solutions of DTE-OH were served for the Y­

tests . Solution A was a hexane solution of DTE-OH as an 

artificial trail pheromone o f R. speratus, and solution B was a 

mixture of DTI~-011 and (Z,E,E)-DTE-OH (35% (W/W) of DTE-OH) as an 

artificial trail pheromone of C. formosanus. 

Results o f Y-test with solutions A and B were shown in 

Tables 5-1~3. 

Table 6- 1 Y- test of solution A (DTB-011) trail versus solution B 
(OTR - 0 11 + (Z,E,Ii") - DTB-011 ) trail for R. speratutr workers 

Qunnllly o f Number o f termites choosing 
OTR- 011 Chi-squares 

(wei~tht/1.6 e m) 
Solution A Solution nb 

5 n~t 32 (20)C 48 2.81 
500 Jll( 66 ( 4 ) 40 2.3 4 

50 Pit ot7 ( 1 ) 62 0.16 
6 P.IC 45 ( 1 ) 64 0.66 

600 f.!( 48 ( 10) 4 2 0.28 
100 fl( 27 ( 32) 41 2 .. 49 

a: Chi-squnrc analysis mode on the hypothesis that if the two sa•ple 

troll is identical, a 1:1 distribution will result, and value of 

Chl - sq un re will be less t hnn 3 . 8 4 at the 95% level of significance. 

b: ( Z,B, II) - OTB- 011 wns added to solution A at the rate of 36% of DTB-011 

quon ti t7. 

c: Number of termites deviating. 
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Tal.>le 5-2 Y- lefll. of solution A (DTB-011) t.r11il versus aolut.i o n n 
I OTB-011 + ( Z, B, B) -OTM 0 111 t rai 1 for C . f or•wsttn us workers 

Quantity of Number o f lcrmit.es c hoosing 
DTB-011 

(weight/ I. 5 e m) 
Solution A Solution 

5 ng 30 (30)C 40 
500 Pll 49 ( 7) 44 

50 pg 44 ( 7) 49 
5 pi( 40 (6) 54 

500 fg 36 ( 8) 55 
100 h 24 (36) 38 

Cap tions are the aaae as in Table 5 - 1. 

Chl 

nb 

uquare8 

I . 16 
o. 17 
0. 17 
I. 80 
3 . 66 
2.73 

Table 5-3 Y-test of solution A (DTB-011) t.rail versus oolution U 
(DTB-011 + (Z,E,E)-DTB- 0111 trail f or C. for• osttnus soldiers 

Quantity o f Number o f lor•ites c hoosing 
UTB-011 Chi squ11rea 

(weighl/1.5 ca) 
Solution A Solution nb 

5 ng J2 (76)C 12 0.04 
500 pi( 48 ( 5) 47 o.oo 

50 pg 42 ( 2) 56 I. 72 
5 pg 4 4 (0) 56 I. 21 

500 h 40 ( 5) 55 2 .06 
100 fg 33 ( 19) 62 3.81 

Capti ons are t h e a11ae as in Tal.>le 5 - l. 

In all cases , the observed preference of termites well 

corresponded t o the 50/50 distribution at the 95% level of 

significance . These results indicated that R. speratus workers 

could not distinguish between solution A and solutions B. 

Contrary to expectati on, could not discern the two solutions 

either, r e gardless o f castes. Thus, the minor compo nent (Z,E,E)­

DTE-011 couldn't elicit a specific trail-following behavior Lo 

both C. formosanus and R. speratus. 
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Y-teRls were concurrently conducted with the sternal gland 

rxlracls (as nat.urnl phe r omone) of the two species to examine 

~~hel hcr o termite species could recognize their own extracts from 

other exlracts. 1\s demonstrated in Tables 2-5~7 (Chapter 2), 

threshold Lrai 1-following l evels o f sternal gland extract from 

C . formosRnus t~IHI two times higher than that from R. speratus 

rf'l(ardlf'RR of lermi te species, and the soldiers' sensi ti vi ty o f 

c . formoqnnus to sternal g land extract was two times higher than 

thn L of t.Jorkers' . Therefore, test concen trations wer e selected 

bnsed o n the trnil-foll01~ing activities. In other wards, The 

concentrations which succeeded in inducing the same level of 

trail-following behavior to both termite species were streaked 

along t h P Y-s hapcd line in choice bioassay. 

Results of Y-test of interspecific sternal gland extract 

were shown in Tables 5- 4 ~9. 

Table 5-4 Y-tcst o f sternal ~lnnd extract fro• R. spera tus ve r sus 
that from c. f o rmosnnus using R. sper atus workers 

Tf'At snmplnA 
WE/I. 5 om 

(n) (h) 
R.s- s<mb c. r- sanc 

0.02 
0.002 
0.0002 
0.000 1 

0.03 
0 . 003 
0.0003 

0.0 I 
(). 00 I 
0 . 000 1 

0.01 
0.001 
0.000 1 

0.0 1 
0.001 
0.0001 
0.00005 

0.01 
0.00 1 
0.0001 

0.0 1 
0.001 
0.0001 

0.02 
0.002 
0.0002 

Number of termites c h oosing 

(a) 

40 
38 
4 3 
4 2 

57 
76 
57 

12 
30 
16 

13 
12 
10 

(O)d 
( 5) 

( II ) 
( 3) 

( I ) 
(0) 
( 3) 

( 5 ) 
( 5) 
( 8) 

(I) 
( I ) 
( 1 ) 

( b) 

60 
57 
4 6 
55 

4t 
2 4 
39 

83 
65 
76 

86 
87 
8 9 

Ch i - aquarea 

3.6 1 
3. 4 1 
0 .04 
l. 4 8 

l. 98 
26.01 
3.0 1 

5 1. 68 
12 . 17 
37.84 

52.36 
55.31 
61. 4 5 

n: Chi - squ are nnn lyais mode on the hypothesis t hat if t h e two snmpl e 

Lrnil is idrn li c n l, a 1:1 distribution will r esu l t , a n d value of 

Ghl - HqunrP. will bP. leas th11n 3.84 at t h e 95% level of s i~n i f icance . 

b: Sterna l gland f'Xtrnct of R. sper atus. 

c: St.rrnnl glon d cxt.rnct of c;. formosanus. 

d: Numbr r of Lc r mitcR devintl n~ i n t h e parentheses. 
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When the samples with the same t rail -following a ctiv i ty were 

tested , a n y termite showed unselecti ve beha.v i or to the ex trac ts 

fr om both spec ies . Termites could not recognize their own sternal 

gland extract trail under such test condi tions, but were ra ther 

more sensitive to quantitative differences. 

Table 5-5 Y- Lcst of sternal gland extrac t from ll. sperat.us vorouo 
that fro .. C . formosanus using C . for111osanus wurken1 

Test samp l es ex. 

(a) 
R.s-saBb 

0.02 
0.002 
0.0002 
0.0001 

0.03 
0.003 
0 . 0003 

0.01 
0.001 
0.000 1 

0.01 
0.001 
0 . 0001 

WB/1.5 Cll 

(b) 
C . f -SGBc 

0.01 
0.001 
0.0001 
0.00005 

0.0 1 
0.001 
0.0001 

0.01 
0.001 
0.0001 

0.02 
0.002 
0.0002 

Number of teraitcs c hoos ing 

(a) 

39 
40 
43 
27 

68 
62 
62 

22 
26 

6 

7 
15 
10 

(6)d 
( 2) 

( 10) 
(30) 

( 6) 
( 2) 

( 11 ) 

(10) 
( 4 ) 
(6) 

( 3) 
( 4) 
( 6) 

(b) 

55 
58 
47 
4 3 

26 
36 
27 

68 
70 
88 

90 
81 
84 

----------------------~----------------------- -
Cap tiono are the same as Table 5- 4. 
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Cht - squart:a 

2.69 
2.95 
o. 16 
3. 21 

17.88 
6.38 

12.99 

22.50 
19.26 
69.80 

69.32 
44.0 I 
56.69 

TnhiP. 5 - 6 y IP.RI o f s t.crnnl g)nnd extrnct from R. speratus versus 
th nt. from c. formosan us using c. formosanus soldiers 

TP.R t . s nmples ex. Number of termites c hoosing 
WR/1. 5 em 

(a) (b) (a) (b) Chi-squareR 
ll. s - SC:J<h C. r SGRC 

0.02 0.01 48 (4)d 48 0.01 
0 .()02 0.001 58 ( 2) 40 2.95 
0.0002 0.0001 58 ( 3) 39 3 . 34 
0.000 1 0.00005 49 ( 13) 38 1. 15 

0.03 o.o1 60 ( 2) 38 4.50 
0.003 0.001 82 ( 0) 18 39.69 
0.0003 0.0001 80 ( 2) 18 37.97 

0 .01 0. 01 22 ( 2) 76 28.66 
0.001 0.00 1 31 ( 1 ) 68 13.09 
0.0001 0.0001 34 ( 7) 59 6. 19 

0.01 0.02 12 ( 4 ) 84 52.51 
0.001 0.002 6 ( 2) 72 54. 17 
0.0001 0.0002 6 (0) 94 75.69 

Captions arP. the BAIIIC 68 Table 5-4. 

These r esults were different from the data of the previous 

r epo 1·t by ll ot•nrd et tll. ( 1976) who worked on R. virginicus, R. 

flBt' ipcs, fl. t.ibinlis and C. formosanus and concluded that trail 

pheromones HC'l'C species speci fi e. This disagreement may be due to 

the different test methods using different test termites. It, 

h otvf'vc r, is o f gre at interest to point out that termites always 

c h ose the line with a sample of 2-3 times higher trail-following 

activity ( Tables 5-7.9). 

Such sensitive preferenc e might be directly related to 

orien toti o n activity as demonstrated with R. hesperus by Grace et 

td. (1988). 
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Table 5-8 Distribution o f termites in Y- teat when u CO IIJl lc uf the same 
sternal l(land extracts applied to C. rormt>sunus wo rkers 

--
Teat samples Number of termi tea c hoosing Cht oquarc0 

WB/1. 5 Cll 

R. s-sm~b X 2C X IC 
-

0.1 68 (G)d 26 17.88 
O.OJ 65 ( 4) 31 II. 31 
0.005 82 ( 5) 13 48.67 
0.001 58 ( 4) 38 3.76 
0.0005 74 (9) 17 34. 46 
0.000 1 64 { 18) 18 24.70 
0.00005 56 { 18) 26 10.26 
0.000025 22 {74) 4 II. 12 

R.s- SOB X 3 X 1 

0: 1 83 ( 7) 10 55.74 
0.01 79 ( 3) 18 37. 11 
0.00 1 80 (9) II 50.81 
0.0001 84 ( 10) 6 65.88 

t- --c. r-soae X 2 X I 

0. 1 78 ( 6) 16 39.59 
0.01 71 ( 2) 27 18.87 
0.005 60 ( 5) 35 6.06 
0.001 70 ( 3) 27 18. I 9 
0.0005 66 ( 15) 19 24.89 
0.000 1 58 (20) 22 8.00 
0.00005 57 ( 18) 25 II. 72 
0.000025 62 {22) 16 25.96 

C. f-SGB X 3 X 1 

0. I 94 ( 2) 4 80.1:13 
0.01 74 (8) 18 32.81:1 
0.00 1 84 ( 4) 12 52.51 
0.0001 76 ( 18) 6 58.06 

Cnptiuns arc lhe name nn Tnble 5-7. 
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Tnhlr 59 UinlrihuLion of trrmiten in Y- trnt when n couple of the anme 
nl.t•rnnl ltlnnd rxtrncts applied to C. formosanus soldiers 

Tcqt. >1nmplcs NumbPr of trrmi Lee choosinl( Chi-aqunren 
WR/1. 5 ('Ill 

-- --
u .... sc:nh X 2~' X 1C 

-- -- --
0. I 75 (7)d 18 33.72 
0.01 52 ( 6) 32 4 .30 
0.005 85 ( 5) 10 57.6 4 
0 .00 1 70 ( 10) 20 26.68 
0.0005 8 4 ( 2) 14 48.58 
0.0001 76 ( 10) 11 4 I. 31 
0.00005 70 (I 3) 17 31.08 
0.000025 52 (10) 8 30.82 

- -
R.s- IHJR X 3C X 1C 

-- -- -
0. I 76 ( 6) 18 34.56 
0.0 1 80 ( 5) 15 4 3. 12 
0 . 001 8 4 ( 8) 8 61. 14 
0.000 1 88 ( 2) 10 60.50 

-- -
C. f - S!;Rd X 2 X I 

0. I 88 ( 2) 10 60 . 50 
0.0 1 70 ( 2) 28 17. 15 
0.005 68 ( 5) 27 16.84 
0.001 64 ( 4) 32 10 . 01 
0.0005 68 ( 8) 2 4 20. 10 
0.0001 78 ( 8) 14 8.00 
0.00005 66 (20) 14 32.51 
0.000025 59 (20) 21 17. 1 I 

r,f- l'WR X 3 X 1 

0. I 96 ( 4) 4 82.8 1 
0.0 1 8 1 ( 2) 2 40. 50 
0.001 78 (2) 2 33. I 6 
0.0001 90 ( R) 2 82.27 

Cnplionn oro lhr Rnmr o s Tnble 5-7. 
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5.4 Summary 

In the course of the elucidation of the primary struc ture of 

an isolated trail pheromone from C. formosanus, a minor component 

which had the same molecular Height of the major pheromo nt! ( D'l'g -

011) was detected in mass chromatogram of c apillary GC- NS. Nuss 

spectrum of the minor component exac tly showed a pro minent 

pattern of dedecatrienol. Comparative c hemical studie!:i with 

authentic DTE-OH isomer clearly demonstrated that Lhe compl e te 

structure was (Z,E,E)-DTE-011. PART III 

Furthermore, capillary GC-NS-IIR-S H1 analysis i ndl c a ted thu t 

the component originated in termites, although any signifi c an c e 

of the component was not noticeable in bioassay. 
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Chnpt.cr 6 Rvidcnce for a Trail Pheromone Precursor in t he 

Termite ReLiculitermes speratus (Kolbe) 

6 . 1 Introduction 

Trail pheromone of R. speratus was successfully isolated and 

idenli fied as OTI!:-011 which was exactly the same structure as that 

of R. dr'(inicus (PART II. Chapter 3). On the basis of the small 

amount of trail pheromone extracted from the termites , each 

individual did not seem to induce trail-following behavior over a 

long distance in the natural habitat. Therefore, it was hypothe­

sized that the pheromone mig h t be stored i n the body of the 

termite in the form of a precursor , and secreted as required 

following transformation from the precursor. 

The main purpose of the present investi gation Has to 

precursor candidate of the t r ail pheromone of R.speratus in 

find 

the 

course of isolation by chemical techniques and bioassays for t h e 

better understanding on the origin or biosynthesis of the trail 

pheromone (Toltoro et al . 1990a,1990bl 

6. 2 Ma terials and Me thods 

6 . 2 . I TeaL t ermites , c h e mi cals , a ppara t us and bioassay me thod 

Test termi t e , chemicals , apparatu s a nd bioassay met hod Here 

same as before, described in PART I a nd I I. 

6 . 2.2 Tsol a lion n nd a c t i vat i o n of precursor c and i da tes 

Method of exlruction and silica-gel column chromatography 

were described in Chapter 3. 

Fractions whic h did not s how any trail-following activity i n 

t h e ini lial lest were s ubjected to va r ious kinds of c hemical 
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reaction, because it was assumed t.hat a precursor could ex1st. 

Active trail-following behavior was produced for the 5X and 10% 

E t 0 A c I H x f r a c t i o n s b y h y d r o 1 y s i s w i t h 2 X K 0 II I 1'1 e 0 II o r by 

reduction . 

The yellowish crude lipids (ca. 1 . 3 g) obtained from these 

activable fractions were dissolved in 2 ml of dry d1ethyl ether 

and hydrolyzed with 50 ml of 2% KOII I t-leOII in a I 00 m I !ll ass 

flaslt for 10 hours at room temperature. After hydrolysis , the 

reaction mixtures were separated with 100 ml each of diethyl 

ether and NaCl-saturated Hater i n a separatory funnel. The ether 

layer (added 100 ml diethyl ether) Has washed once 1-1i t h IN- II Cl 

and twice 1•ith distilled water, and dried with anhyd r ous sodium 

sulfate. 

Subsequently, this activated fraction (ether layer, 155 mg) 

was also fractionated by silica-gel column chromatography (20 em 

x 7 mm i.d. glass column, 4.7 g silica-gel). The pooled active 

fractions were then f ractionated into 22 Hubfr·uclions by 20X 

(wlw) AgN0 3 silica-gel chromatography 1-1 i th E tOAclllx in the 

similar manner of natural trail pheromone . Separation of 

compounds under these conditions depends on the number of double 

bonds and the geometrical configuration of isome r·s . Actl ve 

fractions were fractionated by normal phase III'LC with 10% 

EtOAciHx and detected using a UV detector set at 234 nm. 

The final purification step '"as carried out by GC using a 

nonpolar column , foll01•ed by a polar column. The detail methods 

and conditions we r e described in Chapter 3 . 

6.2 .3 I den ti fi c a tion o f the hydr olys i s p r oduc t 

The active GC peak was a nalyzed by capi] lory GC - I'IS. Struc­

ture determination of the hydrolysis product I-IUS attempted by 

means of capillary GC-MS a n d capillary GC-FTIR analysis combined 

with rnicrosca le chemical reactions, as descrl bed in Ghapt cr· 3. 
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6.3 Results and Discuss i o n 

6 . 3 . 1 Results of b ioassays with t h e c rude h e xane extrac ts 

Results of trail following activity bioassays with c r ude 

h~xanc extracts are shown in Chapter 1. 

As shoHn in Table 1.1 described i n Chapter 1 , t h e hexa n e 

Pxtracts exhibited remarkable activiti e s ranging from 100 to 0 .1 

WE115 em. The MEWE was thus identified as 0 . 1 WE/15 e m. In th e 

preliminary experiments , the extra cts o f i n testinal con t en t s o f 

te8t workers showed no tra il-followi ng activity . Afte r ex trac ting 

1-1 i t.h hex n ne, the corpses were homogenized wi t h diethyl eth e r and 

t<~as subjected to the measu r ement of t r a i l- f ol l o wi ng a c ti vity. The 

activity was less than one-fiftieth of t h e pr i mar y he xane 

extracts . 

The result of t h e bioass ays with t h e h e xane e x trac t 

indicated that a 0. 1 WE extra ct i nd uc e d trai l - f ollowing ove r a 15 

em trail , so a worker termite could o n l y produc e a 1. 5 m-long 

trail. Althoug h the mechan ism of sec retion o f t h e tra i l pheromone 

It-lac far lane 1983) was not c l e a r in rhinotermi tid t ermite (Grac e 

et. R]. 1988), t h e quan tity o f t rail phero mo ne in a wo rker seems 

to be very small . This p h e n o me n o n led t o the ass umptio n t hat the 

pheromo n e is stored i n t h e body in t he f orm o f precurso r t hat is 

secreted us r equ i red fo llowi ng conversion t o the a c t ive f o rm. 

6. 3. 2 S i l i ca-~el column c h romatog r aphy and a lka lin e h ydrol ysis 

Th e natu ral trail p h e r omo ne was e luted ma i nly i n the range 

of 15-20" Bt O/\cl llx on s ilic a - ge l c olumn c h r o mato graphy ( Table 6 -

1 I· Prel imi nnry expe r iments whic h were i n tended t o investiga t e 

I he poRslble existence i n t h e extract o f a p h e r omo n e precurso r 

sho1<~ed t hat fraction s e lu ted wi t h 5- 1 OX E t OAciHx were act i v a ted 

both by hydrolysis with 2% KOH I MeOH and by red uction wi t h 
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LiAlH 4 . Since the fraction mainly contained fatty-ucid ester!:i, 1 t 

was suspected that the precursor candidate would b~ stored as an 

esterified pheromone. The activity of the newly activuted 

substances were about 20 times that of the naturul pher·ornoue by 

weight (Table 6-1). 

Table 6-1 Results of trail-following uioassuy of the crude hexune 
extracts after silica- gel co lumn chro•uto~truphy 

Quantity Activity us HHwub 
Teat fraction of (WH/15 c• Lral I) 

li pld ( 1Dil )f~ -- --
Nalurul After hydrolyatu 

-
Crude hexane extracts 3000 0 . I O.OO!i 

--
Fr.No. Bluants(volume(al)) 

1 llx 10 (500) 132 _d -
2 2 (500) 70 -
3 5 "e 1 (500) 2 - -
4 2 (500) 912 - 0.005 
5 10 " 1 (250) 407 - 0.0 1 
6 2 (250) 33 - 0. I 
7 3 (250) 12 - 0. I 
8 4 (250) I 1 - I 
9 15 " 1 (200) 4 - 10 

10 2 (200) 11 I (I) f 
1 1 3 (200) 51 0. I (0. I) 
12 4 (200) 54 I ( I ) 
13 6 (200) 80 5 ( 5) 
14 20 " 1 (200) 76 I (I) 

16 2 (200) 80 10 ( 10) 
16 3 (200) 97 - -
17 4 (200) 84 - -
18 5 (200) 68 - -
19 BtOAc 1 (500) 283 I -
20 2 (500) 122 - -
21 He Oil 1 (500) 98 I -
22 2 (500) 54 I -

a: Weight of crude lipids. 

b: The activity was estimated by a modified Open- Field bioassay. 

When three or more of nine workers followed the 15 e m Lruil, 

the aa•ple was designated positive. Tenfold dilution series und 

more highly diluted solutions of eul!h sample were employed to 

determine the MEWB (WB/15 em- trail). 

c: The number of aubfraotion. 

d: No trail folJowing response or insufficient responuc (i.e. lhe 

estimated value wus more Lhun IOWE/15cru-trai l) for Lruil fnllow1ng. 

e: Percentage by volume o f ELOAc/llx (") uH eluunls. 

f: The values in parentheses are naturul activity. 
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llydrolysis reaction was subsequently employed because it is 

the milder. After separation with diethyl ether and NaCl­

saturated water, the ether layer showed high activity (5xlo-3 

NEWJ\). When the water layer was acidified with lN-IICl solution, a 

plenty of free fatty acids which were supposed to derive from 

tri~lyceride by alkaline hydrolysis was separated. 

Bromination and acetylation markedly lowered the trail­

f o ll o wing a c tivity of activated substance after hydrolysis. It 

sug~~sted that the substance might have double bonds and hydroxyl 
groups. 

Tnble 6 2 ReRulle of Lruil-following bioassay of the hydrolyzed 
products after silioa-gel colu•n ohro•atography 

Quantity Activity as HBWBb 
Teal fractl on of (WB/15 em-trail) 

lipid(ag)a 

Hydrolyzed products 155 0.005 

f1r.No. Rluante(votume{ml)) 

I llx JC ( 25) 0 _d 

2 5 "e I ( 25) 50 -
3 10 % I (25) 21 -
" 15 % I ( 6) 14 -5 2 ( 6) 20 o.ot 
6 3 (6) 18 0.006 7 4 ( 6) 3 0.01 

8 20 " I ( 12. 5) 11 0 . 01 9 2 ( 12. 5) 4 0. 1 

10 100 " I (12.5) 54 1 I 1 2 ( 12.5) 80 10 

12 MI'OII I ( 25) 98 -
Cnplione are the same as in Table 6- 1 . 
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Table 6 - 3 Results of trail - following bioassay o f lhe h ydrolyzed 
produc ts after AgN03 slllcu- gcl co lumn chromulouruphy 

--
Quantity Ac tivity us HliWKb 

Test fraction of (WH/15 em-tra il) 
lipid(mg)a 

-
Hydrolyzed products 70 0.005 

Fr.No. Bluants(volume(ml)) 

1 llx 10 (6) td _ e 
2 2 ( 6) t -
3 10 :tf 1 ( 6) t -
4 2 ( 6) 1 -
5 20 % 1 ( 6) 12 -
6 2 ( 6) 28 -
7 30 % 1 ( 6) 12 -
8 2 ( 6) 9 -
9 40 % 1 ( 6) t -

10 2 ( 6) t -
1 J 50 % 1 ( 3) t -
12 2 ( 3) t 0. 1 
13 3 ( 3) t 0.01 
14 4 ( 3) t 0. 1 
15 60 % 1 ( 3) t 0. 1 
16 2 ( 3) t 0.01 
17 3 ( 3) t 0.01 
18 4 ( 3) t 1 
19 100 % 1 ( 3) t 1 
20 2 ( 3) t 10 
21 3 ( 3) t 10 
22 4 ( 3) t -

a: Weight of crude lipids. 
b: The activity was estimated by a modified Open-Field bioassay. 

When three or more of nine workers followed the 15 em truiJ, 

the sample was designated positive. Tenfold dilution series um1 

more highly diluted solutions of eucl1 sample were employed to 
determine the HRWB (WR/15 em-trai l). 

c: The number of subfruction. 

d: Truce amount. 

e: No trail following response or insuffic ient respo nse (i.e. the 

estimated value was more t han 10WR/J 5cm- truiJ) f o r truil - fnll owin)(. 

f: Percentage by volume of lltOAc/llx (%) us eluunls. 
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6.3.3 Isolation and identification of the hydrolyzed active 

produc tR 

Dehavior of the n e wly activated substances on silica-gel 

c hromatography c l ose ly corresponded to that of the natural 

pheromone (Table 6-2). 

Oehavior o f t he hydrolyzed product on subsequently 

chromatographies (i.e. AgN0 3 Silica-gel, JIPLC, preparative OC) 

closely corresponded to that of the natural pheromone (Table 6-3 

and Fil(. 6-1-3). 

A 

E 
c 
~ 
N -~ 
Cll 
u c 
~ ... B 
0 
1/) 
.D 
<{ 

0 2 3 4 5 6 7 8 
Retention time (min.) 

PIR. 6 - 1 HPI~ chro•nloRrBMR of the active rrnctlone after fractionation 
AgN03 aliJ o n- Rcl co lu•n c hro•ntography 

A: The nnlJve no tlve fract lone(trall phero•one) 
8: Tho newly no llvaled frnotionR 

Arrows lndlunle Lhn nollve peak(lR. 2.6) 
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Fig. 6-2 Gas chromatograms using nonpolar column 

A: Authentic alcohols[retenl ion times(min)l 

l:CtJII2JOH(3.2), 2:(Z,Z) - 3,6- Ct211 2t011(4.7) , 

3: (Z)-3-c12n 230II(5.0), 4: C12u 2 5o ll( 5.5), 

5: (E,E)-8.10-Ct2112tOH(7.0), 6:Ct31127011(9.1), 

B: The native trail pheromone 

C: The hydrolyzed product 

Arrows indicate the active peaks(LR.5.8) 
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Fig. 6 - 3 Gas chromatograms using polar column 

A: Authentic alcohols[retention times(min)) 

1 : c 11n 23o n(2.5), 2:C12n 250II(3 . 6), 

3:(Z)-3- Ct2112JOII(4.0), 4: (Z,Z)-3,6-CJ2112t011(4.8), 

5:C tJII27011(5.3), 6:Ct4H2g011(7.6), 

7: (E,E) - 8 . 10- c 12n 210ll(8.3), 

U: The native trail pheromone, 

C: The hydrolyzed product 

Arrows indicate the active peaks(tR.7.9) 
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In addition, the capillar y GC-MS data of the hydrolyzed 

product coincided well with that of the natural pheromone, 

exhibiting the same retention time on cap1llary GC and the same 

pattern in the mass spectrum which showed a prominent molecular 

ion at m/z 180 (M+ ·) and the series of diagnostic ions at m/z 

91, 105, 119, 133 (CnH 2n-?) (Fig. 6-4). 

Finally , we determined the complete chemical structure of 

the hydrolyzed product as {Z,Z,E)-3,6,8-dodecatrien-1-ol by means 

of instrumental analyses described in Chapter 3. It was 

definitely identical with the natural trail pheromone. The amount 

of activated pheromone isolated was estimated on the basis of GC 

analysis to be about 5 ~g. 

Further investigation is needed i n order to confirm whether 

this precursor does exist. The possibility will remain that DTE­

OH is not synthesized by termites until this hypothesis is tested 

by rearing termites on food which is free of microflora and 

microfauna . The present results, however, suggest that DTe-011 is 

stored as an ester prior to its transformation to the pheromone. 

It is, therefore, of great scientific interest to specify the 

storing organ of the precursor candidate. 

Trials on determining chemical structure of the acid moiety, 

which was combined with an alcohol moiety of the trail pheromone 

suggested that the precursor candidate did not seem to consist of 

only o ne component. Investigation of the variation of the 

precursor candidate would increase the interest in relation to 

the taxonomy of family Rhinotermitidae, 

compounds {Prestwich et al. 1984). 
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PiR. 6 4 Nrsulls or copil lnry GC-MS analyses 

A, u: 1~1nl ion ~hromnlo~rams (TIC) and mass chromolo~roma 

of Lhr noliv~> nt•l iv£' frnctions (trnil phero•one :A) 

and of thl' n~>wly aclivnlcd fraction(D) by hydrolysis 

ArrowR I 1111 it•nll' Lhl' oclive peoks(Scan No. 4 39) 

C: Mnflfl Rpl'l'lrum of Lhc nclive pcok(Scan No.439 in D) 
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6.4 Summary 

Whole body extracts of the termite, H. sperat.us were 

subjected to various chemical operat1ons and b•oaH~ay to examine 

the presence of trail pheromone p r ecursor . Fracl1ons whtch mainly 

contained fatty acid esters were obtained from hexane extracts by 

means of silica-gel column chromatography. 

Trail-fol l owing activity of the fraction~ wu~ ocl1vutcd by 

alltaline h ydrolysis , while the original fract1ons did not show 

any consp1cuous activity. Bioassay showed thut the activ1Ly of 

hydrolyzed product was approximately 20 Limes as hlllh as the 

original hexane extract . The fact suggests that the precursor 

cand idate could be stored in termite bodies as an cstcr1fled 

form. 

Chemical analyses revealed that the complete structure of 

the hydrolyzed product was coincident with that of the natural 

pheromone I(Z, Z,E)-3, 6 ,8-dodecatrien-1-ol). 
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GhnplC'r 7 Evidence f o r trail pheromone precurso rs in Lhe 

termite Cop t otermes formosanus Shiraki 

7. I Introduction 

In t.he course of the investigations on the isolation and 

identification of trail pheromones from R. speratus and C . 

formosanus, the pheromones were proved to be common to both 

Lermi le 

exactly 

species . 

irtent ical 

The chemica l structure of the pheromone was 

with (Z,Z,E)-3 ,6,8 -dode catrien-1-ol (DTE-OH) 

which 1~ns obtained for R. virginicus as a trail pheromone 

(l'lalsumllrn et. nl. 1968,1967; Tai et al. 1969), 

Moreover, as Lhe amount o f the trail pheromone of R. 

sperntuq per individuals 1o~as extraordinary small , it was 

hypolhes 1 zed thn t the pheromone might be stored in the termite 

bocly in Lhe form of precursor. We d e monstrated that there existed 

a prPr11rsor candidate which could be a ct ivated by alkaline 

hydrolyHis, and the activity of hydrolyzed product was 

approximately 20 Limes higher than that of natural pheromone. 

This suggests that the precursor candidate is stored in termite 

bodies as an ester ified form . 

The work o n R. speratus would support an assumption that C. 

formosan us could produce similar precursors. llowever the amount 

o f lhe tt·ni 1 pheromone per individual C. formosanus was approxi­

mately 20 Limes larger than that of R. speratus (Chapter 3) , it 

is possible LhaL n Lrail pheromone precurso r candidates could be 

stored in Lh e body. 

The mnin purpose o f this Chapter was to find precursor 

cundidale of th e trail pheromone in C. formosanus, for the better 

understandin~ of the biosynthesis or supplementary system of the 

Lra i l pheromone ( Tokoro e t al. 1992b) . 
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7.2. Materials and Methods 

7.2.1 Test termites, chemicals and bioassay methods 

Test termites were prepared from colony F and T as descr1~ed 

Chapter I, and chemicals and bioassay methods (Open-F1eld 

bioassay) t~ere the same as described in Chapter I and 3. 

7 . 2 . 2 Apparatus 

The IIPLC was a model LC-9A (Shimadzu, Kyoto, Jupan) pump 

connected in series to a model SPD-6AV (Shimadzu) UV-VIS 

spectrophotometric detector and to a model EHC-7511 (Ermu, Tokyo, 

Japan) refractive index detector. All other apparatus and 

bioassay methods were the same as those in the previous Chapter. 

7.2.3 Extraction of precursor candidates 

The worker termites(colony F: ca. 938 g, ca. 3 10,000 in 

number) were soal{ed inn-hexane (ca. 300 ml per 20,000 wodter 

termites) at -20"C for about ten days without homogenization. The 

extract I.Jas then tested for its trail folloi.Jinll nctivity before 

and after alkaline hydrolysis and minimum effective worker 

equivalent (MEWE) was estimated by bioassay. 

7.2.4 Silica-gel column chromatography and alkaline hydrolysis of 

the hexane extracts 

The hexane extracts were filtered and concentt·uted using a 

rotary vacuum evaporato r until the yellowish crude 1 ipid (ctJ. 7 1 

g) was obtai ned. This crude lipid 1-lllS fit·sL ft·uctionuted by 
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silica-gel column chromatography with EtOAc/llx and MeOJI eluants. 

Each fraction was subjected to alkaline hydrolysis to 

examine the presence of trail pheromone precursor in the same 

manner as previous y escr1 e 1n a · 1 d · b d · Ch pter 6 One-tenth each of 

the crudr lipids obtained from these fractions were combined all 

together and hydrolyzed with 2% KOII/I'IeOH. 

Since it remained questionable whether the fractions did not 

contain IHlY nntur·ul trail-following substance, it was necessary 

to 0ompare the nativity levels (MEWB) of acLivc substance between 

before and nflrr hydrolysis in bioassay. 

7.2.5 Isolation and identification of the hydrolysis products 

Hydrolysis products of each fraction were isolated by 

silica-gel column chromatography, and followed by 20X (w/w) AgN03 

silica-gel co lumn chromatography, HPLC and capillary GC. 

rollowing isolation , those ~~ere served for bioassay in the same 

manner for Lhe natural trail pheromones as described in Chapter 

4. 

Thf' isolated components were identified by means of 

capillary or-MS and capillary GC-FTIR analysis combined with 

microscalc chemical reactions (acetylation, partial reduction, 

ozonolysis). Details should be referred to the Chapter 3. 

7.2.6 Determination o f Lh e morpho l ogical storage site of t h e 

t r ai l pheromo n e precursor candidates 

Dissections were made under a binocular stereoscopic 

micros~opc to obtai n the abdominal fifth-sternites where the 

sternal gland wns located, because it was generally accepted that 

the organ o f the Rhinotermitid termite excreted trail pheromone. 
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To 

storage 

examine the presence of trail pheromone precursor und 1ls 

site, twenty worker termites (Len each from the two 

worl{er colonies F and I) were used for dissec•Ung indlvtduul body 

five parts. The five Lest parts were heud, digestive lube ( fr·om 

the foregut to the rectum), abdominal fifth slernile, ull olhcr 

cuticular segments and remaining portion. A fused central 

· 1 0 3 e) of the abdonllnnl fifth-portion (approx1mate y . mm squar 

sternite and the abdominal fifth-sternit.e (hereinafter referred 

to "fifth-sternite") 1-1as dissected this Lime to avoid in,)urlnll a 

sternal gland. Each group of the dissected tissues 1-1as souhcd in 

500 pl of Hx for Len hours at -20"C. 

Ten whole bodies of the worher termites ( worlce r group F) 

1-1ere also soa ed 1n t e s1m1 ar rna k · h · ·1 nner as a reference sump! e. 

Each extract was then tested for 1ts trail followtng actlvlty 

before and after alkaline hydrolys1s, and MEWE was estimated. 

7.3 Results and Disc ussi on 

7 . 3 . 1 Results of bionssays with the crude hexane extracts 

Bioassay results of trail following uct.tvily of Lhe crude 

hexane extracts indicated that a 0 . 005 WE extracts induced 

trail-following behavior over a 15 em-trail : the ~Jb.\o/1:: I-IUS 

identified as 0.005 WE/15 em. An experiment. which was intended Lo 

examine the pass i bl e existence of a phe t'Ornone precursol' sho1-1ed 

t.hat the extract was activated by hydrolysis with 2% 1<011/~lcOII as 

similar to the case of R. spers tus (Chapter 6 I. 

b L 20 The activity of t.he newly activated extract was a ou 

Limes higher than that of the extract. before hydrolysas by 

weight, and the MEWE of t.he hydrolyzed extract. was idcnltf1ed us 

0.00025 WE/15 em . I L ~o~as also pass i bl e t.ha t. the JH'ecursor 

candidate would be sto r ed as an esterified pheromone in the body 

of C. formossnus. 
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Hit.h 

After extracting ~o~ith hexane, the corpses were homogenized 

diethyl ether and was subjected to the measurement. of 

t.rniJ-follo1o~ing activity before and after alkaline hydrolysis . 

llf'gnrdless of alkaline hydrolysis, the activities were less than 

one-fi ft.ieth of the pr·imary hexane extracts, extraction of the 

t.rni L pheromone and the precursor candidates was considered to be 

donP !wfficiently. 

On the basis of the bioassay, a worker termite of C. 

formosanus could produce a 30 m long trail. The length was about 

20 I imes as ong as a o · · 1 Lh t f R SperBtlls This quantitative 

difference may be due t.o the higher daily behavior of a C . 

f'ormossn11s ~o~orlter in comparison with R. sperstus. 

t.he mechanism of secretion of the pheromone 

nlacf"ar Lane 1983) was not clear in rhinotermi tid termite, the 

daily trail follo1-ting behavior of termite is closely related to 

the secretion of the pheromone, and the stored quantity sooner or 

J n t cr 1-1otlld resuJ t. in depletion . Si nce the hydrolyzed hexane 

extrac t indicated t hat.. a 0 . 00025 WE extracts induced trail­

fall 01-d ng over a J 5 em t.rai 1, a Harker termite could produce a 

600 m available trai I. 

Therefore, there 1•as sufficient quantity of trail pheromone 

s t.oclt in a ,.,orker' s body of C . formosan us as a form of precursor . 

Thus, the esterified st.o r·ar.te system of the trail pheromone may be 

udvanlagcous for Lhe termite living . 

7.3.2 Silica-gel co l umn c hromatography and alkaline h ydrolysis 

Oionssay results of the hexane extracts after silica-gel 

column chromatographies are shown in Table 7-1 described in 

('hnpt.cr 1. The nnturnl t.ruil pheromone 1-IBS eluted mainly in Lhe 

r 1wge of 15-20% EtOAc/llx in t.he silica-gel column chromatography , 

and t.he result was si milar to that of previous experiment 

described in Chapte r· 4. 
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Tabl e 7-1 Results of trail - following bioassny o f Lhc c rude hexane 
extracts afler silica- gel column <'hro•atogrnphy 

Quanti ly Acltvity as MHWHb 
Test fraction of (Wil/15 em- traiL) 

lipid(mg) 6 --
Nnturul After hyclro l yniH 

Crude hexane exlrao ls 67979 0.005 0.00025 
t-

Fr.No. Bluants(volume(l)) 
-

I Hx IC (I. 5) 467 _d -
2 2 (I. 5) 542 - -
3 5 "e 1 (I. 5) 18 - -
4 2 (I. 0) 988<1 - 0.005 ( ( ' (l 
5 3 (I. 0) 29067 - 0.002 ( (.'(l 
6 10 " I (I. 5) 17160 - 0.05 
7 2 (). 5) 1585 - 0.001 ICU 
8 3 (). 5) 447 - 0.01 ( ('(] 
9 15 " I (). 5) 285 0.002 (Cil 

10 2 ( I . 0) 442 0.01 0.00!) (CU 
II 3 ( 0. 5) 347 0.025 0.01 
12 4 (0. 5) 142 0. I 0.002 (CU 
13 20 " 1 (0. 6) 1!17 0. I 0.001 (t:O 
14 2 (). 5) 807 0.05 0.001 (CO 
15 3 (I. 0) 227 - 0.005 (CO 
16 4 (I. 0) 110 - 0. I 
17 BtOAc 1 (I. 5) 272 I 0.01 
18 2 (). 5) 447 - 0.05 
19 Me Oil ( 2.0) 1131 I 0. 1 

a: Weight of crude lipids. 

b: The activity was estimated by a modified Open- Field bioassay. 

When three or mo re of nine workers followed Lho 15 em tra1l, 

the sample was designated positive. Tenfold di lulion series and 

more highly diluted solutions of ench snmJIIC were employed to 
determine the MBWR (WH/15 cm-Lrnil). 

c: The number of subfrac tion. 

--

I) f 
I) 

Z)f 
21 
2) 
2) 

:l) r 
3) 
3) 
3) 

d: No trail following response or insuffi c ient response (i.e. the 

estimated value was more than IOWH/15c • trail) for trail - followJng. 
e: Percentage by volume of BtOAc/llx 1"1 as eluants. 

f: CG-1: component group I, CU-2: component group 2, and 

E 
c 
~ 
N 

~ 
Cll 
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.0 .... 
0 
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fo'il(. 7 - 1 Hesults of prPpnrntive IIPL.C o f three activatable f ractions 

from t h e Ni I icn l(c l column chromatography 

/1: Fraction number 4,5 (CG- 1 ) 

II: Fraction number 7,9,10 (CG - 2) 

C: F rncLion n111nber 12 - 15 (CG- 3) 

T h e shndow nrcns nrc lhe activub l e fractions. 
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Active lrail-foll01~ing behavior 1~as produced by scvcnd 

fractions after hydrolysis in this experiment, although us for fl. 

speratus, the fractions eluted Hith 5-10% EtOAc/llx Here 

activated. Jn the case of C . formosarws, the component of the 

fractions eluted 1./ith 5-10% EtOAc/llx 1-1as activated by allwllne 

hydrolysis. The components of the fracltons conta1ned Lhe 

natural active substance Has also a ctivated . lloHevcr, It uppcu1·cd 

that the longer soalting time for the extracLJ on of Lhe Lra1l 

pheromone from C. formosanus resulted in more k1nds of precursor 

candidates from C . formosanus than from R. spertJtus. On Lhe 

basis of L he e 1 uti on pattern of t h c silicu-ucJ column 

chromatography, there were at least three cornpon t!nts of pt·ecursor 

candidates component group-1 (CG-1; Fr. No. 4,51 component 

group-2 !CG-2; Fr. No. 7-10) componen L group-:1 ( CCi- I ; F r·. No. 

12-15)(Table 7- 1 ). The IIPLC fractionation Has ~~cl1 supported the 

fact (Fig. 7- 1) • These three components apparently shoHed 

the different polarity on the chromatography, ami Lhe rt:!Lent1on 

time ( trL l range of activable components were as follows : (;(;-1 = 

tR . ca . 2.4-3 . 6 m1.n; CG-2 = tR . ca. 4.7-7.5 min; CG-3 = tiL ca . 

16.7-19 . 3 min. 

7.3 . 3 I solati o n and identification of the hydrolyzed active 

products from each fraction. 

Behavior of the h ydrolyzed products Has c losely relulcd to 

that of the natural pheromone . The capillary GC-NS duta o f the 

hydrolyzed active product coincided well Hill\ that of the natural 

pheromone, exhibiting the same retention lime o n cupillury GC und 

the same pattern in the mass spectrum (Fig. 7-2). 

The complete chemical structure of the hydrolyzed active 

product Has determined as CZ,Z,EI-3 , 6,8-dodecuLricn-1-oJ hy means 

of instrumental analyses. lt I.Jas definitely the same as the 

natural trail pheromone. 
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Amount of the activated t r ail pheromone per indivJdunl 

140r){er termite was estimated to ue about one no.nogr1lm on the 

basis of GC analysis . The quantity of the b;olo.ted activated 

pheromone of C. formosanus was approxtmutely 20 t1mes as lurge 

as that of natural trail pheromone, that well suppor·ted the data 

of bioassay (text, Chapter 3). In uddilion, the quu n tity of the 

activated pheromone was also approx1mutely 20 L1mes larger U1un 

as that of R. speratus. 

7 . 3. 4 Morphologic al storage site of the precurt~or e undidate11 o f 

the trail pheromone 

Results of trail-following bioassay for each extract Ul'C 

shown in Table 7-2 . Trail-followtng activity of the hexane 

extracts from whole bodies was highly activated by all{ullne 

hydrolysis . The activities of the hydrolyzed hexane extracts 

(0.00025 MEWE) were about 20 times as high as that of the hexane 

extracts before alkaline hydrolysis (natural pheromone: 0.005 

MEWB) as indicated in the bioassnys. The results apparently 

suggested that t he extracts p r epared by soaking for a short Lime 

also contained a precursor candidates . 

On the basis of the bioassay results for the five pa r ts, the 

extracts from the fifth-sternites showed highet· uctiv1ty before 

( 0 . 005 MEIVE) and after hydrolysis ( 0. 00025 MEWE} t han those from 

other sections (more tha n 0 . 05 MEWE or no activity}. The actJvtly 

of the whole body extracts before and after hyd r olys1s was 

identical with that of the fifth-sternite extracts. The re~ulLs 

clearly indicated that both pheromone and precursor candidates 

were stored i n a sternal gland. 

As any conspicuous difference wus not observed between 

two te r mite colonies (F and Il, the precu r so 1· cuudido.tes 

considered to be maintai n ed at certain quant1Ly level 

the 

111 a 

sternal gland for a year or lon ger even wh en the Lurmite co l ony 
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hillS fed with cellulose and wnter . The fact suj;(j;(ested that t h e 

termite could prepare the precursor candidates from cellulose as 

a ~oJe nutrient source. Further investigation (e.g . a experiment 

tl'dng tracer technique) is needed in order to confirm whether 

lhis precursor candidates is biosynthesized via de novo pathway 

from cellulose source or esterified with pheromone alcoh ol via 

snlvage pathway like process. 

The present results suggest that DTE - OH is stored as an 

~~Ler prior to the transformation into the pheromo n e as p r evious­

ly demonstrated ~<ith R . speratus as described in Chapter 6 . 

Determination of chemical structure of t he acidic moieties 

which is combined with alcohol moieties of the trail pheromone 

will be described in Chapter 8. 

Tnble 7-2 lli'RIIII R of t rai 1- f ollowing l.d onaauy for the extrncts from 
f ou r morphological 1•1•rls of G. f o rm o sanus 

Teat worker termites 

(;roup an Oro up bb 

Ac l.i vi tyd Activity 
Test pn r Ls Act.lvityC nrte r Activity after 

hydrolys i s hydrolysis 

Who le body 0.0050 0.00025 0.005 0.00025 

II end _r - - -
J>igestive tube I 1 1 1 

Ahd ominol 0.005 0.00025 0.005 0.00025 
fifth - sternilea 

Other c uti ou lnr 0.5 0.5 0.5 0.5 
segment 

ncmn i n i ng po rti o n 0.1 0. 1 0. 1 0. 1 

n: The worker ne wly collec ted from the laboratory n est. 

b: The worhtH' ft•d only Hilh mo istened filler paper as food source. 

1': The Lrn il - ful lowing nctiv il.y ns MUWR (WB/15 e m-trail). 

d: TIHl trail - following a ctivity ns HUWU ( WU/15 e m- trail) nfler 

nlkaline (2% HOII/HeOII} hydro lysis. 

c: Activity llR HHWB (WB/ 15 e m- trail). 

f: No res po n se or i n s u ffi c ient r esponse for trail-followi ng. 
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7.4 Summary 

On the basis of the resent result of which tru1l pheromone 

precursors existed in Reticulitermes spera L us, Coptotermes 

formosanus 1~as served for examining the presence of the similar 

substances. 

Whole body n-hexane extracts from 310,000 worker termites of 

C. formosanus were fractionated by silicu-gel column <!hrornulogra­

phy. Trail-following activity wns measured before am.l tt.flt!l' the 

hydrolysis of the fractions with 1<011/MeOII. Oioassay showed Lhat 

the activity of hydrolyzed products 

higher than that of the orig1nul 

analyses revealed that the complete 

Has approximately 20 Limes 

hexane extracts. Chem1cal 

structure of the hydrolyzed 

product was coincident with that of the natural pheromone, 

(Z,Z,El-3,6,8-dodecatrien-1-ol . 

As the trail pheromone was collected by alkal1ne hydrolysis 

of these different fractions, it was probable that the precursor 

candidates were stored in Coptotermes termite bodJes as 

esterified forms. 

- 112 -

Chapter 8 Isolation and Identification of Trail Ph eromone 

Precursors from Coptotermes formosanus Shiraki 

8. 1 Introduction 

\Vhole body extracts of the termite, C. formosanus were 

served for examining the presence of trail pheromone precursor . 

The hydt olyzed substance of several fractions prepared by 

si 1 i ca-ge l column chromatography showed high trail-follo1dng 

activity, and was exactly the same as DTE-011 as described in 

Chapter 7. The fact suggest that the trail pheromone of C. 

formosanus could be stored in termite bodies as esterified forms , 

which is similar to the case of R. speratus (Chapter 6). 

The main purpose of this Chapter, therefore, was to isolate 

the trail pheromone precursors from C. formosanus and to iden tify 

them (Tokoro et.. nl. 1992c) . 

8 . 2 Ma terials a n d Meth o d s 

8. 2 . I Tcsl t e rm ites u nd bioassay me tho d s . 

Tesl termites and bioassay methods were already described in 

Ghapter 7. 

8 . 2 . 2 Chemicals . 

Stondard dodecanoic fatty acid esters were prepa r ed by 

eslerificnt i on reaction Hith p-toluenesulfonic acid as catalyst , 

a11d purified by the ld g il -performance l iquid chromatograph ( II PLC) . 

All other chemicals were the same as Chapters 1 and 3. 

- 113 -



8.2.3 Apparatus. 

One of the GC-MS was the same us described in Chupter 3, und 

another one was a model GC-14A gas chromatograph combtne<l with a 

model QP-1000-EX mass spectrometer (Shimadzu, Kyoto, Japan). All 

other apparatus was the same as described in Chapter 7. 

8 . 2. 4 Con fi r mation of the p r ecursor candidates 

Since precursor candidates would not always show trail 

following activity, existence of precursor candidates durtng the 

purification procedures was examined after alkaline hydrolysis by 

means of bioassay . Methods of hydrolysis and bioassay were 

described previously. 

8. 2 . 5 Isola t i o n of the precurso r c a nd i d ates. 

Methods of extraction and silica-gel column chromatography 

were described in Chapter 7 . On the basis of the elution pattern 

of the silica-gel column chromatography, there Here at least 

three components of precursor candidates component group-! 

(CG-1: Fr. No. 4,5) component group-2 (CG-2: Fr. No. 7-10) 

component group-3 (CG-3: Fr . No. 12-15) (Chuptcr 7 , Tuhle 7-1). 

The CG-1 fractions were further purified by secondary silica - gel 

column chromatography in a similar manner (Fig . 8-1 ). 

(A) Prepar at i ve IIPLC 

The 

phy(ies) 

active fractions after siJica-gel co l u mn chromatogra­

t.,rere further fraction a Led by HPLC . Normal phase IIPLC's 
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were performed with Cosmosil 5SL analytical column and Cosmosil 

10SL guard column, and reveres phase HPLCs were performed with 

Cosmosil 5C18-AR !ODS : 15 em x 6 mm i.d . , particle size 5Jlm; NTI> 

analytical column and Cosmosil 10C18-AR (ODS: I em x 4.6 mm i.d. , 

particle size 10 J lm; NT!) guard column. 

(a)CG-1 : IIPLC (a)-1, normal phase Hith 2.5% diethyl ether (Er)/ 

llx eluants HPLC (a)-2, normal phase tdth 0.5% Er/llx eluants 

(b) CG-2 : IIPLC (b)-1 , normal phase with 15% Er/llx eluants ; IIPLC 

(bl-2, reverse phase with 50% acetonitrile IMeCN)/1-IeOII eluants. 

(c ) CG-3 : HPLC (c)-1, normal phase with 30% Er/llx eluants ; HPLC 

(c)-2, reverse phase with 50% MeCN/MeOII eluants . 

Fl01.,r rates of all IIPLC preparation were 1.0 ml/min , and the 

active substance was detected by UV-VIS detector at 234 nm (It 

Has depended on the conjugated double bond of the pheromone 

skeleton) and RI detecto r, and fractionated at each peak for 

modified Open-Field bioassay. 

( B) Prep a rat ive wide b o r e c apillary GC 

All of precur so r candidates after 

finally purified by capillary GC . A 

capillary column was a CDP1- W12-300 

p r eparative 

fu sed silica 

(12 m x 0 . 53 

Shi madzu) coated with methyl silicon (coating width 

IIPLC Here 

wide-bore 

mm i .d.: 

3 pm) • 

Analytical condition was as folloHs oven tempe r ature increased 

at a rate of 20• C/mi n over the range of 180 - 300" C ; injection 

temperature at 320• c and detector temperature at 350"C ; carrier 

gas , 

gas 

helium at a velocity of approximately 60 em/sec. 

~~as fractionated for each peuk a nd the trail 

activity after hydrolysis '"as determi ned. 
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8.2.6 Idcnlificn t i o n of Lh c precursor cand i dates 

(A) Capi ll ary GC-MS 

The active GC peak was analyzed by capillary GC-MS. The 

Cross-Linked Methyl Sjlicon fused silica capillary column (12 . 5 m 

x 0. 2 mm i . d. , 0 . 2 )Jm liP} was used . The condi Lions ~~e r e us 

follows. The oven temperature of GC increased at a rate of 15" C I 

min over the range of 200 - 300"C, and the injection temperature 

~~as 300"C, a n d the carrier gas HilS helium at a velocity of 

approximately 60 em I sec . The ion source temperatu re was 200"C , 

and the ionization voltage of EI muss spectrometer Has 70 eV . The 

CI mass spectrometry was performed with iso-buthane. 

(0) Al kal i n e hydr o lysis a nd methy l at ion 

A part of each component of precursor candidates Here 

hydrolyzed with 2% I<OIII1"1e011 as a simila r manner of Chapter 6. 

Subsequently, each hydrolyzed p r oduct was methylated with 

1-ethyl-3-p-tolyltri azene , subsequently , each product t~as to~ashed 

to~ith lN-IICl and lN-Naii C03 and distilled wa ter . Each methylated 

product Has also analyzed by capillary GC-HS a s described above. 

8. 3 Results and Discu s sion 

8 . 3 .1 Resu l ts o f isolat ion 

In Lhis experimen t , it was examined Lo isola t e t h e p r ecu r so r 

candidate f rom t he 5% ELOAc lll x f raction s (CG- 1). Th ese fr action s 

contained the fatty-acid es t e r s i ncluding vast q u a nt ity of 

triglyceride. Subsequently , based on the res u lts o f t h e secondary 

silica-gel column chromatograph y , t h e p r ecu r sor c and i date t<~as 
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el u ted ma i nly f rom 2 % ELOAci Hx (Fig . 8-1). 

Hex an e 5 % c 

BtOAc 
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Fi g. 8- 1 Hes ults o f s iliga- gcl co lumn c hroma tog ra ph ies o f t he whole 

bod y extrac ts from C . formosanus 

a: Th e s igns and va l ues (MBWR) i n parentheses ure the 

t rail - foll owi ng acti vity be f o r e h yd r olysis 

b: Th e s igns and values ure th e tra il- f ol l owing activ i ty (Mfi WK) 
after hydrolysis 

c : Pe r centage by vo lume of ELOAcl ll x u s e l uu nts 
d: No L e ffec tive ' ( > MRW E 10) 
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On Lh<> results of III'LC preparation, the prE-cursor candidntcs 

a peak nL the Lime of retention around 3 min 011 

IIPLC 1. It seemed tho.L the retention Lime of the precuesor· 

candidates 1~as earlier than that of the tri~lycerides contained 

in the same fraction. On t h e secondary IIPLC preparation (IIPLC 2), 

the precunwr candidates were eluted in the pealcs "1" ILR. 38-tJ3 

mjn) and lhe "2" (tR. 47-53 min) . The retention Lim<> of the peale 

"1" 1.•as longer than that of lauryl lo.urate (LR. 22 . 3 min), and a 

little shorter than lauryl acetate (LR. 48.5 min). The retention 

time of peale "2" was close to that of laur-yl acctntP. Subsequent­

ly, both of the fractions were analyzed respectively by capillary 

GC. 

The retention time of the precursor- candidates from both 

reactions (peaks "1" and "2") was nbout 10.5 min (peaks "a" and 

"b", respectively) . The retention time was a li Ltle longer thnn 

that of lauryl stearate (tR . 10.2) which had the same cnrbon 

numbers of alcohol moiety of DTE-011. The acid moiety of precursor 

candidate, consequently, is expected to have eighteen carbons if 

the precursor candidate is one of fatty -acid esters. llo1~ever, the 

half height l·ddth of peak "a" indicated that it consisted of 

plural compounds . The pealts "n" and "b" were finally served fo t· 

the analysis by Capillary GC-MS . 

Capillary GC-MS data are shown in Figs. 8-2 and 8-3. The 

components of the peak " a " were separated into L1-10 component 

pealcs by the total ion chr-omatogram (TIC : peaks "X" and "'i" i n 

Fig . 8-2,(A)). The elect r on impact (Ell mass spectrum of the peak 

"X" (Scan No. 361, Fig. 8-2(8)) sh01-1ed n molecular ion at m/z •116 

(ca . 6%) . It also showed a diagnos U c base peak ion a L m/z 16 2 

(M-284) which came from McLafferty rearrangement, CLhat is, ester 

cleavage of DTE-acetate) and the prominen t diagnostic fra$(ment 

ions of IJTE-011 m/z 91 , 105, 119, 133 wer-e observed . The pr-esent 

analysis indicated that the componPnt of peak "X" corresponded to 

dodecat.rienyl stearate. 
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The mass spectrum of the peale "Z" (Scan No. 353, Fig. 8-3)' 

Hhich Has corresponding to t.he pealt "b" of lhe capillary GC 

chromalogram, shoHed a molecular ion at m/z 442 ( 1.6") and a 

diagnostic base peak ion m/z 162 (M-280) and also prominent. 

characteristic fragment ions of DTE-OH m/z 91, 105, 119, 133 ~~ere 

observed . These data indicated that the component of peak "Z" is 

a corresponding to dodecatrienyl ]inoleate. In addition, precise 

mass analysis data (by high resolution capillary GC-I'IS) well 

supported these results. 

Finally, stearic acid ester of DTE-OH (DTE-slearate), oleic 

acid ester of DTE-OH (DTE-oleat..e) and linoleic acid est..cr of 

DTE-011 IDTE-l1noleate) 

capillary GC and capillary 

synthesized and 

GC-MS analyses. 

subJected to 

The analyses 

demonst..rated that the three pealts ("X","Y","Z"l were tdentical 

with t..he three compounds, r espect..ively . 

Thus, the precursor are stored as fatty acid esters in the 

C. formosan us bodies (Fig. 8-4). Amounts of the precursors per 

individual worker termite estimated from GC analysis were ca. 100 

pg for the DTE-s tearate, ca. 25 pg for the DTB-ol ea te, ca. 25 pg 

for the DTE-linoleate. 

The role of the precursors in the biosynthesis of DTF.-011 is 

under examination. It seems advantageous that the esterificalion 

of pheromone results in lhe decreased voJatilit.y. Varnaolta et 

al. I 1985} demonstrated t..hat the sex pheromone (bornbykol) of 

silkworm, Bomhyx mori was inactivated as bombykol linolenate 

bound to protein in t..he haemolymph. It. is therefore possible t.hat 

the precursor candidate binds with protein. Allhough furlhe r 

investigat.ion is needed in order to account. for t.he significance 

of esterificat.ion of the pheromone , it may be related to the 

transportation of the pheromone in t.he lerrnite bodies if t.he 

precursor binds a prot..ein . Biosynthesizing organ o f the 

precursors not. specified in the present i nves t..iga ti on bec ause 

whole te 1·mite bodies Here employed for extraction. There f or·c , it 

is a great scient..ific interest. to det..ermine the o r gans for 
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The mass spectrum of the peale "Y" (Scan No. 346, Fig. 8-

2 , (C)) sho1~ed a molecular ion at m/z 444 ( 1. 4%) and a diagnostic 

base peale ion al m/z 162 (M-282) derived from NcLafferty rear­

rangement, and the prominent diagnostic fragment ions of DTE-011 

were also present. These data indicated that the component of 

peale "Y" Has corresponding to dodecutrienyl oleate. 
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biosynLhesizing and storing the precursors . 

Based on the results of the first silica-gel column 

ch romatography and IIPLC , it seems possible that there exist othe r 

kinds of precursor candidates of the trail pheromone in the 

hexane extracts, those are CG-2 and CG-3 !Chapter 7) , it remains 

to be proved that the existence of other precu rs or candidates and 

entirely reveal the supplementary system o f t h e trail pheromone . 

Worker 

X : - C 11 H 35 ( Dodecatrienyl 

- C 17:1 H 33 ( Dodecatrienyl 

- C 17:2 H 31 ( Dodecatrienyl 

( A ) 

( B ) 

( c ) 

Termite 

Stearate) ·· IAI 

Oleate )······!BI 

Unoleate) ·· ICI 

Pis. 8 - 4 Sloroso o r Lho troll phor o • ono proouraora 

ln tho atornal gland 
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8.4 Summary 

Whole body extracts of the termite, Coptotermes formosanus 

Shiral{i were served for examining the presence of trail pheromone 

precursor(s). Three trail pheromone precursors were isolated 

using various c hromatographic methods in conjunction with 

bioassay. Those were identified as dodecatrienyl stearate, 

dodecatrienyl oleate and dodecatrienyl linoleate by capillary 

GC-~1S analyses. 
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CONCLUSION 

With regard to the strategic approach to the mystery of 

termite biology, well-designed bioassay and precise chemical 

analysis are definitely indispensable for the assessing 

authenticity of trail pheromones. 

the 

The presence of a termite trail pheromone was positively 

demonstrated in modified Open-Field bioassay nnd choice test in 

which the tested term1tes were carefulJy nnd uniformly 

conditioned prior to serving to the tests as described 1n PART I. 

Trail-fol101.1ing activities of the extracts from both Hhole body 

and sternal gland 1.1hich is supposed to be a morphological organ 

to contni n or excrete a trail pheromone were proven to be a 

eCJuivalent in the bioassay. The results, therefore, appear to 

lead a conclusion that sternal gland is a region which is 

directly involved in trail-following behavior of the two Japanese 

rhinotermitid termites, Reticulitermes speratus (l{olbe) and 

Coptotermes formosanus Shiraki. In addition, modifications of the 

bioassay techniques were rational because behaving 

characteri sties of the tested termite species were critically 

considered. 

In PART II, trail pheromones were investigated mainly from 

chemical viewpoint in terms of isolation and identification. A 

great number of termites were collected and preconditioned 1.1ith 

care prior to extraction and fractionation by vnrious chemical 

operations. Novel combi ned chemical techniques , (e.g. capillary 

GC-~18 and capiJ lary GC-FTIR Hith the microc hemi cal reactions of 

acetylation, partial hydrogenation, ozonolysis) enabled to 

elucidate the chemical structure of the trail pheromone directly 

from the extracts of termites. Biological tests were 

concurrently conducted to evaluate the trail-following activity 

levels of t he candidates fractions. The results clearly 
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demonstrated that the isolated trail pheromone from both termite 

species was DTE-011. Comparison of the present results 1.,Jj th those 

of early HOrkers suggested that DTE-OH was common to the members 

of family Rhinotermitidae. 

A minor component which showed some trail-following activity 

obtained from C. formosanus and chemically identified as 

IZ,E,E)-DTE-011, Hhereas such component was undetectable from R. 

sperstus. Species specificity of the Lra.i.l pheromone Has not 

conspicuously demonstrated in the choice tests using both termite 

species. However, 1't 1's worth t t tt .V o no e 1at termite can 

distinguish a small difference in concentrations of active 

substances even if one is 2-3 times higher in concentration than 

the other in the choice test since the abi 1 i ty seems to be 

related to orientation activity of termites through the 

concentration gradient of attractive materials. 

In PART III, trail pheromone precursors Here isolated from 

both termite species, and identified those chemical structures of 

C. formosanus. Fractions 1~hich were prepared from Hhole body 

extt'acts and mainly contained fatty acid esters shoHed the much 

inc r eased trail-following activity after activation by alkaline 

hydrolysis . This strongly suggested that the precursor cand idate 

could be stored in termite bodies as an esterified form. 

Precursor - holding system is advantageous to the termites as they 

can maintain its activity for a longer period of Lime and can 

utilize it at any time Hhen necessary. As for C. fol'mosanus, 

three uroups of precursor candidates ~<~ere recognized and three 

precursors of a group were identified as (Z,Z,E)-3,6,8-

dorlecatrienyl stearate, (Z,Z,E)-3,6,8-dodecalrienyl oleate and 

(Z,Z,E)-3,6,8-dodecalrienyl linoleate. 
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It seems necessary to chemically demonstrate that the 

substance deposited by termites is the same that contained in the 

sternal gland. h'i th the development of analytical instruments 

such as capillary GC-1'1S- IIR-SH1 in these years, it wi 11 become 

relatively easy to analyze a small amount of sample under the 

crude conditions. Trail pheromone precursors were first isolated 

and identified by various instrumental means e.g. HPLC , capillary 

GC, capillary GC-1'1S and micro chemical reactions e.g. alkaline 

hydrolysis, methylation, in conjunction with biological tests . 

Further works will be giving us a clearer image of termite trail 

pheromone in the near future, although the present investigations 

CO\Ild contribute to the addition of new knowledge to the trail 

pheromone of Japanese rh1notermitid termites . 
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