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SUMMARY

A gas chromatographic method has been developed for the simultaneous
quantitative determination of the juvenile hormones I, Il and II¥ (JH-I, JH-II and
JH-II) in insects. After extraction and partial purification the hormones are con-
verted into their 10-heptafluorobutyryl-11-methoxy derivatives and analysed as such
by gas chromatography. The gas chromatographic system consists of an all-glass
moving needle injector, 2 glass capillary column and an electron-capture detector.
JH-I, JH-II and JH-III can be determined simultaneously in amounts as low as 0.5,
0.3 aad 0.2 ng, respectively, per sample. The 10-keptafivorobutyryl-11-methoxy
derivatives were selected after an extensive comparative study of potentially suitable
balogenated derivatives. Geometrical stereoisomers of the juvenile hormones are
used as internal standards.

INTRODUCTION

At present three homologous juvenile hormones, viz., JH-I, JH-II and JH-II1
(Fig. 1), are known from insects. Derivatization and subsequent gas chromatographic
(GC) analysis using an electron-capture detector (ECD) has become a well known
technique for determining the JHs qualitatively and gquantitatively. Judy er all
reported the analysis of JH-III after derivatization to the 10,11-ditrifluoroacetyl
derivative. In our laboratory Van Broekhoven er a/? developed a method for deter-
mining JH-II using the 10,11-diheptafiuorobutyryl derivative. The 10-(2,4-dichloro-

Rz R‘l JH-I R!= Csz; R = Csz
"MCO;CH; JH-II R = CHy; R* = GHs
’ c|) “H = JH-II R! = CH;; R* = CH,
Fig. 1. Stiuctural formulac of natural juvenile hormones.
0021-9673/80/0000-0000/302.25 © 1980 Elsevier Scientific Publishing Company



426 L. HUIBREGTSE-MINDERHOUD er gl

benzoyl)-11-methoxy derivatives were used by Peter ef a3 in their non-simultaneous
determination of YHs in Manduca sexta. Recently, Hagenguth and Rembold* presented
a method incorporating the derivative that showed optimal characteristics in our
comparative study, viz., the 10-heptafluorcbutyryl-11-methoxy product (preliminary
communication by Huibregtse-Minderhoud er al5). Earlier, Bergot and Schooley®
reported the only method as yet using GC-ECD to determine JHs both quantitatively
and simultaneously; they made use of the 10-pentafluorophenoxyacetyl-11-methoxy
derivatives.

In all of the methods mentioned packed columns were used for GC analysis.
In this work we used capillary columns. Two liquid stationary phases were used
separately, making the method very reliable for quantitative analysis.

EXPERIMENTAL

Materials

Benzene, ethyl acetate, isopropanol, absolute methanol (all p.a. grade; Merck,
Darmstadt, G.F.R.), toluene (p.a. grade; UCB, Brussels, Belgium), ethanol 96 % and
chloroform (analysed reagent; Baker, Phillipsburgh, NJ, U.S.A.) were used without
further purification. Pyridine (p.a. grade; Merck) was distilled over potassium hydrox-
ide before use. Dicthyl ether (analytical reagent; Mallinckrodt, St. Louis, MO,
U.S.A.) was used for treatment of samples containing JHs and/or their isomers. For all
other purposes fresh diethyl ether (commercial quality) was passed through an
alumina column (Woelm, Eschwege, G.F.R., neutral, activity 1) and distilled. Com-
mercial-quality n-hexane was passed through a column containing one part of silica
gel (Baker analysed reagent, 0.4-0.1 mm) and four parts of alumina (Woelm, ncutral,
activity 1) and distilled (distillation was stopped after 609/ had been distilled). Ace-
tone (commercial quality) and water were both distilled once.

Reagents for derivatization (p.a. grade or purity better than 979)) were
perchloric acid (Merck), trifluoroacetic anhydride (Fluka, Buchs, Switzerland), penta-
fluorcpropionic anhydride (ICN, Irwine, CA, U.S.A)), heptafluorobutyric anhydride
(Macherey, Nagel & Co., Diiren, G.F.R.; ampoules of 1 ml), pentadecafluoro-
octanoylchloride (ICN), chloroacetyl chloride (BDH, Poole, Great Britain), mono-
cklorodifluoroacetic anhydride (ICN), monobromoacetic anhydride (prepared accord-
ing to Vogel’), pentafluorobenzoy! chloride (Aldrich, Milwaukee, WI, U.S.A.),
pentafluorophenoxyacetyl chloride (Aldrich; distiled once) and bromomethyl-
dimethylchlorosilane (prepared according to Speier®).

(+)-JH-1 and JH-II were synthesized according to Loew e al® and (4-)-
JH-III according to Anderson et al.'®. The (4)-10-trans-isomer of JH-II [Fig. 2 (4)]
was obtained as a side-product from the Loew symthesis. The ethyl ester of the
(+)-2Z-isomer of JH-III [Fig. 2 (5)] was synthesized by transesterification of (4-)-
2Z-JH-II1, obtained as a side-product from the Anderson synthesis. Stock solutions
were made in diethyl ether and in diethyl ether-n-hexane (1:1).

&3 ) 4 R! — H; RZ = COOCH,
Ay\}l\/\)Y R R? = CH;; RY = GH;s
R4 0 = ; (5) R* = COOGC,;H;; R2 = H
R R3® = CH;; R*=CH,

Fig. 2. Structural formulae of internal standards in JH analysis.
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Instrumentation

Gas chromatography was performed on a Packard Becker 417 gas chromato-
graph equipped with a $3Ni electron-capture detector (714), a “puised power supply”
unit (734), an all-glass moving needle injector (Koppen, Best, The Netherlands) and
a glass capillary column. Two columns were used separately: 2 25 m X 0.25 mm
I.D. wall-coated open-tubular (WCOT) SE-30 column, film thickness 0.4 um (Chrom-
pack, Vlissingen, The Netherlands), and a 40 m X 0.5 mm IL.LD. WCOT OV-17
column, film thickness 0.2 um (manufactured by Lic. S. Riisanen, University of Hel-
sinki, Finiand). The column was connected to the injector by two layers of shrinkable
PTFE. Connection with the detector was made with a platinum-iridium capillary,
by which the effluent was lead just below the 3N foil, minimizing the dead volume.
Nitrogen (Hoekloos, Schiedam, The Netherlands, greenband quality) as carrier and
make-up gas was passed through a molecular sieve filter and an oxygen trap. During
analysis the injector, detector and column were kept at temperatures of 195, 300 and
216°C (SE-30) or 212°C (OV-17), respectively.

Gas chromatography with flame-ionization detection was carried out on a
2.0m X 4 mm L.D. column packed with 39 SE-30 on Chrompack SA (80-100 mesh).
Nitrogen was used as carrier and make-up gas. During analysis the injector, detector
and column were kept at temperatures of 230, 350 and 230°C, respectively.

Liquid chromatography at atmospheric pressure was performed on silica gel
columns (Baker analysed reagent, 0.4-0.1 mm). High-performance liquid chromato-
graphy (HPLC) was carried out on a Varian4100 liquid chromatograph, equipped
with 2 0.30 m X 2.2 mm L.D. Micropak column (Varian, Palo Alto, CA, U.S.A.) and
2 0.25 m X 6.0 mm I.D. Microporasil column (Waters Assoc., Milford, MA, U.S.A))
coupied in series.

Thin-layer chromatography (TLC) on the milligram scale was carried out with
pre-coated silica gel 60 F,s, plates (Merck). Chromatography of biological and pilot
samples was carried out on home-made plates, coated with silica gel (Merck, TLC).
Before application this silica gel had been washed five times with boiling methanol,
dried for 15 h at 130°C, washed five times with diethyl ether and dried.

IR spectra were recorded with a Perkin-Elmer 283 infrared specirometer (as
a solution in carbon tetrachloride or as a liquid film, and NMR spectra were recorded
with a Varian EM-390 NMR spectrometer (as a solution in carbon tetrachloride with
tetramethylsilane as internal standard). Mass spectra were obtained with a Jeol JMS
07 mass spectrometer, which was coupled to a Jeol 1100 gas chromatograph by a
double jet-separator.

All glassware was cleaned thoroughly with water, rinsed twice with acetone
and n-hexane, dried in an oven and rinsed twice with diethyl ether just before use.

Insects

Locusts (Locusta migratoria) were reared under crowded conditions at 30°C,
409 relative humidity and a photoperiod of 12 h. Insects were fed with reed, supple-
mented with rolied cats.

Potato beeiles (Leptinotarsa decemlineata Say) were reared on fresh potato
leaves at 25°C and a photoperiod of 18 h, or were collected in the field in August
(estimated photoperiod 14 h).

Wax moths (Galleria mellonella) were reared at 30°C, 609 relative humidity
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in the dark, on a diet containing honey, glycerol, flour of wheat, yeast ﬁakes beeswax
ard honeycomb.

Collection of haemolymph

After anacsthetizing the insects with carbon dioxide, samples of hacmolymph
were taken by puncturing the ventral membrane between the head and the thorax with
a Hamilton microsyringe (locusts), by clipping off a hind leg (beetles) or by a puncture
in the abdomen (moths). Hacmolymph was kept at 0°C for 10 min at most. Some
crystals of reduced glutathione were added to inhibit tyrosinase activity. After
sampling, haemolymph was kept frozen at —390°C until extraction. Haemolymph
samples were first extracted three times with diethyl ether—ethanol (6:1), then three
times with diethyl ether, according to De Wilde er ol.''. Afier combination of the
organic phases two internal standards (I.S.) were added.

Preparation of derivatives on the milligram scale

The derivatization procedure consists in two successive steps (Fig. 3): firstly
the formation of the 10-hydroxy-11-methoxy-JH (10-OH-11-MeO-JH) and secondly
acylation of the hydroxyl function fo introduce halogen atoms into the molecule,
leading to the 10-X-11-MeO-JH (X contains one or more halogens).

ch@a, (+)-JH-IIT
S

/HMCOzCHa (6) (+)-10-OH-11-MeO-JH-III
CH30 o4 l

/{Y\/'\/\)\/COZCH’ (7-16) (4-)-10-X-11-MeO-JH-III
CH30 X

Structure of X Abbreviation
CF:iCOx TFA Q)
C,F;CO,~ PFP ®
C;F;CO HFB )
CF1sCO, PFO (10)
CH,CICO,- MCIA (11
CCIF,CO»— CIHHFA (12)
CH.BrCO~ MEBrA  (13)
GCsFsCO,- PFB 14

CsFsOCH,COO— PFPA aas)
CHBr(CH,).SiO— BrMdMSi (16)

Fig. 3. Synthesis of the halogenated derivatives of JH-II.

10-Hydroxy-11-methoxy derivatives. A solution of 220 mg of (XL)-JH-HI in
15 ml of 0.014 9 perchloric acid in methanol was stirred for 90 min at room tem-
perature. Saturated sodium chloride solution was added and the mixture was extracted
four times with ethyl acetate. The combined organic phases were washed once with
47, sodium hydrogen carbonate solution and once with water and dried over mag-
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nesiam sulphate. Liquid chromatography over silica (column 0.3 m X 20 mm 1.D.)
with toluene—ethyl acetate (1:1) viclded 206 mg (83 9) of (6). Derivatives of JH-I
and JH-II and of the isomers were prepared similarly, starting from about 15 mg.
All products were characterized by IR and NMR spectroscopy as described by
Huibregtse-Minderhoud*2. Stock solutions were prepared in n-hexane-cthyl acetate
a:n.

Halogenated derivatives of JH-III. All derivatization reacticns were performed
in a nitrogen atmosphere for 1 h at rcom temperature, unless stated otherwise.

I0-TFA-11-MecO-JH-IIT (7). One millilitre of benzene-pyridine (95:5), 1.5 ml
of trifluoroacetic anhydride and a solution of 15 mg of (6) in 10 ml of r-hexane were
allowed to react. After extraction four times with n-hexane-water the combined
organic phases were washed with 4% sodium hydrogen carbonate solution, then with
water and dried over magnesium sulphate. By purification of the residue by TLC
(toluene—ethyl acetate, 4:1), (7) was obtained in 85% yicld. IR: 1785 (e-F—C=0),
1720 (C=C-C=0). MS: 394 (2; M*); 280 (0.7; M+ —-CFE;CQ,H); 248 (7; M+ —
CH;O0H—CF;CO,H); 73 (100). NMR in accordance with (9).

10-PFP-11-MeO-JH-IIT (8). (8) was synthesized in a similar manner to (7),
using pentafluoropropionic anhydride, in 729 yield. IR: 1782 (e-F-C=0), 1720
(C=C-C=0). MS: 444 (1; M*); 280 (5; M*C,F;CO,H); 248 (4; M*—CH,OH—
C,FsCO,H); 73 (100). NMR in accordance with (9).

I0-HFB-11-MeO-JH-IIT (9). (9) was synthesized in a similar manner to (7),
using heptafiuorobutyric anhyvdride, in 94 % yield. Spectral data have been described®.

10-PFQO-11-MeOQ-JH-III (10}. (10) was syathesized in a similar manner to (7),
using benzene-pyridine (95:5) as a solvent and perfluorooctanoyl chloride. The
reaction mixture was extracted with ethyl acetate—water. The yield was 659(. IR:
1785 (e-F~C=0), 1725(C=C-C=0). M5:694 (2; M7); 280(0.5; M*—C,F;5CO,H);
248 (6; M*—CH,OH—C,F,;CO,H); 73 (100). NMR in accordance with (9).

10-MCIA-11-MeO-JH-IIT (11). (11) was prepared in 809 yicld in a similar
manner to (7), using chloroacety! chloride. IR : 1768 (¢-C1-C=0), 1725 (C=C-C=0).
MS: 374 and 376 (0.3 and 0.2; M*); 280 (0.2; M*—CH,CICO,H); 248 (2; M*—
CH,;OH—CH,CICO,H); 73 (100). NMR in accordance with (9); additional signal,
4 4.00 (s, 2H, CHCl).

10-CIldFA-11-MeO-JH-III (12). (12) was obtained in 999 yield in a similar
manner to (7), using monochlorodifiuoroacetic anhydride. IR: 1783 («-balogen—
C=0); 1725 (C=C-C=0). MS: 410 and 412 (1 and 0.4, M*); 280 (0.3; M*—
CCIF.CO,H); 248 (4; M+ —CH,OH—-CCIF,CO,H); 73 (100). NMR in accordance
with (9).

10-MBrA-11-MeQ-JH-IIT (13). (13) was obtained in 78 % yield in a similar
manner to (7), after reaction of (6) with monobromoacetic anhydride for 2 b in
benzene-pyridine (9:1). IR: 1735 (e-Br—-C=0), 1718 (C=C-C=0). MS: 418 and
420 (0.2 and 0.2; M*); 280 (0.3; M*—CH,BrCO,H); 248 (2; M+*—CH;OH—
CH,BrCO,;H); 73 (100). NMR in accordance with (9); additional signal, é 3.75 (s,
2H, CH,Br).

10-PFB-11-MeO-JH-IIT (14). (14) was prepared in 559 yield in a similar
manner to (7), using pentafluorobenzoyl chloride and a reaction time of 2 h. IR: 1741
(0C=0), 1723 (C=C-C=0). MS: 492 (0.6; M*); 280 (0.2; M+ —CF;CO,H); 248
(3; M*—CH,0H—-GFCO.H); 73 (100). NMR in accordance with (9).
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10-PFPA-11-MeO-JH-III (15). (15) was prepared in 84%; yield in a 15-min
reaction at 70°C using pentafiuorophenoxyacetyl chloride. IR: 1756 (O—-C=0); 1718
(C=C-C=0). MS: 522 (0.3; M*), 280 (0.3; M*—C¢F;OCH,CO,H); 248 (3;
M*—CH;0H—C,F;OCH,CO,H); 73 (100). NMR in accordance with (9); additional
signal, 8 4.78 (br.s, 2H, OCH,CO.,).

10-BrMdMSi-11-MeO-JH-IIT (16). (16) was prepared in benzene—pyridine—
bromomethyldimethylchlorosilane (2:1:2) for 2 h. The reaction product was purified
by liquid chromatography (silica gel, toluene). The yield was 76 9. IR: 1720 (C=C-
C=0). MS: 433 and 435 (0.2 and 0.2; M+ —CHj;); 375 and 377 [3 and 3; M*—
C(CH,),OCH;]. NMR in accordance with (9), but é 1.01 (s, 6H, 2x CH;C,y) and
4 3.39 (m, 1H, HC,,); additional signals, 6 0.23 [s, 6H, Si(CHj;),] and é 2.42 (s, 2H,
CH,Bx3).

10-HFB-11-MeO-derivative of JH-II, of JH-I, of (4) and of (5). Amounts of
10-15 mg of the 10-OH-11-MeO derivatives were converted into their 10-HFB-11-
MeO derivatives according to the preparation of (7) in 80-959% yield. Spectral data
have been described®:*%

Pre-treatment of haemolymph extracts

Solvent was removed in a stream of nitrogen. The residue was dissolved ina
small volume of diethyl ether and subjected to two successive TLC separations. In the
first separation with chloroform-methanol (9:1) the 2,4-dinitrophenylhydrazone
(DNPH) of nonanal was used as a marker substance (Rg 0.81) and the zone with
R value 0.63-0.87 was scraped off and extracted with diethyl ether. After removing
the solvent with nitrogen the residue was subjected to TLC with n-hexane—chloro-
form—ethyl acctate (7:7:1) and the 2,4-DNPH of ethanal as the marker substance
(Rz 0.43). The zone with Ry value 0.29-0.54 was scraped off and extracted with
diethyl ether, The extract was stored at —30°C until derivatization.

Derivatization and analysis of purified haemolymph extracts

The purified extract was freed from solvent with nitrogen and to the residue
0.5 ml 0.014 % perchloric acid in methanol was added. The mixture was allowed to
stand at 0°C and occasionally stirred with a vortex mixer. After 45 min, 0.5 ml of
saturated sodium chloride solution was added and the mixture extracted five times
with diethyl ether. The organic phases were combined, the solvents removed in a
stream of nitrogen and the resulting residue was subjected to TLC. After development
with toluene—ethyl acetate (9:1) and nonanal DNPH as marker substance (R 0.68),
the zone with Ry value 0.03-0.23 was scraped off and extracted with dicthyl ether.

The residue of the diethyl ether extract was dissolved in 0.2 m! of n-hexane,
10 2 of benzene-pyridine (95:5) and 10 ul of HFBA were added, and the reaction
mixture was ailowed to stand at room temperature, with occasional stirring with a
vortex mixer. After 1 h, 0.5 ml of water was added to convert the excess of HFBA
into the acid (according to Lawrence et al.'®), 0.8 ml of n-hexane was added and the
two phases were mixed thoroughly. After 5 min the upper layer was removed and the
lower layer extracted three times with n-hexane. The residue of the combined organic
phases was subjected to TLC. After development with toluenc—ethyl acetate (9:1,
v/v), with cyclopentanone DNPH as marker (Rg 0.53), the zone with Ry value 0.38—
0.61 was scraped off and eluted with diethyl ether. A further HPLC sample clean-up
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was necessary for samples containing less than 5ng of JH. With n-hexane-ethyl
acetate—isopropanol (970:30:0.25) as a solvent the fraction of volume 15 ml eluting
between 7.00 and 15.00 min afier injection was collected. Afier conceniration io
50-500 z1 (depending on the amounts of JHs present), 2 zl were injected on to the
capillary column with a 10-z1 Hamilton syringe by means of the all-glass moving
needle injector.

Each series of samples was accompanied by a blank (starting with an amount
of solvent necessary for extraction of haemolymph) and 2 pilot sample (fraction with
known amounts of all hormones and L.S.s added to a hormone-free haemolymph
extract of Galleria mellonella pupae or to a volume of solvent). Each sample was
analysed three times by GC. The amount of hormone was calculated from the peak
heights by comparison with those of authentic JH derivatives and internal standards.

RESULTS AND DISCUSSION

Comparative gas chromatographic study of halogenated derivatives

Table I gives the GC data obtained after testing the synthesized derivatives on
an SE-30 packed column with FID and on an SE-30 capillary column with ECD.
In no instance did the results of the packed columa GC show adsorption or decom-
position of the injected JH derivatives, although the retention times of the MBrA,
PFB, PFPA and BrMdMSi derivatives were rather long. However, analysis on packed
columns showed a serious drawback: blank samples analysed in this way with ECD
produced gas chromatograms with numerous interfering peaks that could not be
resolved from signals due to JH derivatives by varying the temperature or column
conditions. The much better separating power of capillary columns resolved this
problem almost completely, but the retention times increased considerably on the
SE-30 capillary column. It was impossible to shorten the retention times by increasing
the column temperature above 230°C because of rapid column deterioration.

Another possibility for decreasing the retention times would be to use a thin
liquid film capillary column. However, this would give unreliable results at picogram
levels and was not tried. Besides, we already had experience® that the di-HFB deriva-

TABLE I

GAS CHROMATGGRAPHIC DATA FOR THE 10-X-11-MeO-JH-III DERIVATIVES (REF-
ERENCE, 10-HFB-11-McO-JH-IHI)

Derivative Reiative retention time, SE-30-phase Relative response
Packed column FID Capillary colunmn ECD capillary column ECD
TFA 0.89 0.91 0.03
PFP 0.91 0.93 0.73
HEB 1.00 (= 2.5 min)" 1.00 (= 10 min®) 1.06
PFO 1.55 1.55 1.70
MQA 280 2.60 —
CIdFA 1.4C 1.49 0.80
MBrA 3.60 — —
PFB 4.80 290 —
PFPA 7.30 — —

BrMdMSi 3.50 - -

* Absolute retention times.
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tives of JH-I and JH-II decomposed under the capillary GC conditions necessary to
elute them within a reasonable time, whereas they were stable under packed column
conditions. As it furned out, MBrA, PFPA and BrMDMSi derivatives did not
produce any signal on injection of 2000 pg on to the capillary column, possibly
because of adsorption in the GC system. The MCIA and PFB derivatives showed
considerable deterioration, excluding them from being useful in JH analysis under
these circumstances. The other derivatives tested showed good chromatographic
properties but the response of TFA derivative was extremely poor. Eklund er a/.2*
have found that TFA derivatives of sugars could be used in sugar analysis only after
extensive and careful pre-treatment of the capillary column.

Of the remaining derivatives, the PFO derivative is the most promising, having
the highest ECD response and eluting within a reasonable time. In our capillary
system, however, two interfering peaks are still present, almost certainly due to the
use of the all-giass moving needle injector at room temperature. The measures taken
by Franken!® and Evrard et @l might give a solution to this. One of these peaks
appears almost simultaneously with that due to 10-PFO-11-MeO-JH-III. The same
holds for the corresponding CIdF derivative. For these reasons we decided to investi-
gate the 10-HFB derivatives of JH-I, JH-II and JH-III more closely for possible use
in JH analysis.

Gas chromatography of the 10-HFB-11-MeO derivatives
Under the circumstances mentioned the 10-HFB-11-MeO derivatives were
completely separated on an SE-30 (see Fig. 4) and an OV-17 column. On OV-17 no

JHIOL
ISg
JH-II
lisa epoxide 10-HFB -11-Me0-
X product (pg)
G JH-TI 118
G JH] 1Sy=(e)-ethyi -
2Z-JH-IL so
1Sg=(v-10-trans-JH-E| 106
JH-IL 117
g JH-I 110
s G= ghost peak
3 | Jf
o3
o
'- h
o

5
£ Chin) 10 15 20
Fig. 4. Gas chromatoegram after injection of a standard solution. Conditions: 25 m x 0.25 mm LD.
SE-30 column, ECD with moving needle injector; Tea, Tiay and Tys.. 216, 195 and 300°C, respec-
tively.
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baseline separation of the JH-I derivative and one of the interfering peaks could be
achieved, making this column unsuitable for JH-I analysis.

Quantitative determination

The accuracy of the measurements, defined as the deviation from the true value
at the level of 5 ng per sample (7 = 10), was found to be +8. +2 and +29; for
JH-1I, JH-II and JH-III, respectively. The precision, expressed as the standard
deviation, was 12, 8 and 8 9. respectively.

Limits of detection

Injection of standard solutions showed that 2.5 pg of HFB derivatives can be
detected with a signal-to-noise ratio of 10:1. From this value a detection limit of
about 0.01 ng of JH per sample is calculated. For biological samples, however, the
lowest amounts of JH-I, JH-II and JH-III that can be detected are 0.5, 0.3 and 0.2 ng

per sample, respectively.

Applications

The method was applied to two insect species. Leptinotarsa decemlineata (adult
males and females, pre-diapause) was found to contain 0.48 ng of J:i-III per animal,
and no JH-I and JH-HI could be detected. This is in good agreement with literature
values'’. In haemolymph of L. decemlineata (males and females, post-diapause, long-
day conditions) JH-I, JH-II and JH-III were present in amounts of 0.45, 0.52 and 32
ng/g, respectively.

In Locusta migratoria (female adults of different ages) neither JH-I nor JH-1I
could be detected. The JH-III titre increased gradually from 4.0 ng/g haemolymph at
the second day of the adult stage to of 60-90 ng/g when the insects were 15-23 days
old. The method has also been used'® to determine JH titres in haemolymph of 5th-
stage larvae of L. migratoria, after implantation of active corpora allata.
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