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ABSTRACT
The fate of paraoxon (0,0-diethyl O-p-nitrophenyl phosphate) was traced histochemically by
treating the cockroach, Periplaneta americana, with LD 99 doses of the toxicant on the abdomen,
thorax, and head. These data show that 15 minutes after poisoning when all activity has ceased,
there is a substantial amount of inhibition in the brain of the cockroach. A consistent feature of
inhibition regardless of where the toxicant was placed was the complete ChE inhibition in the
corpora pendunculata. There is evidence that the toxicant moves both through the haemolymph and
up through the axons. Most of the cholinesterase in the brain of the cockroach was inhibited in the
central portion. Small amounts of activity remained on the periphery of the deutocerebrum. These
data show that within a very short time (15 minutes after treatment), death occurs and
commensurate with death complete inhibition of cholinesterase in major portions of the brain.
Topical application of paraoxon to the honey bee, Apis mellifera, was found to effect only the
lamina ganglionaris ChE of the brain. No other areas of inhibition could be found.

INTRODUCTION
The mode of action of organophosphorus (OP) and carbamate insecticides in insects is
known to occur by inhibition of cholinesterase (ChE). This idea is supported by the presence of
high titers of ChE, acetylcholine (ACh), and choline acetyltransferase (Koelle 1963). When new
molecules are synthesized as pest control agents, the preliminary data collected on insects are
largely concerned with whether the compound kills the test organism and how much ChE is
inhibited, usually in the form of an 150 test. There are, however, some inconsistencies in the
literature when
* Deceased September 18, 1972
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workers have attempted to correlate inhibition of total cholinesterase in insects to
symptoms of intoxication by OP and carbamate insecticides (O’Brien 1967; Hopf and
Taylor 1958; van Asperen 1958; 0 ‘Brien 1961; Plapp and Bigley 1967; Brady and
Sternburg 1966). Several investigators have shown that ChE can be consistently
inhibited at highly localized sites in the insect central nervous system (CNS) (Booth
and Metcalf 1970a; Booth and Metcalf 1970b; Booth and Lee 1971; Booth and Whitt
1970; Molloy 1961; Ramade 1965; Burt et al. 1966; Farnham et al. 1966: Brady
1970). No data are available at the present time in regard to the histochemical fate of
OP insecticides in the intact brain of the American cockroach, Periplaneta americana,
or the honey bee, A pis mellifera, although Burt et al. (1966) have reported localized
ChE inhibition in the thoracic and abdominal ganglia of the American cockroach.
Frontali et al. (1971) have recently published some work in regard to localizing
cholinesterase in the brain o f Periplaneta americana. However, his techniques consisted
essentially of dissecting out all o f the tissues, sectioning the tissue, and incubating
these sections with the inhibitor. Our study is an attempt to trace the fate of
0,0-diethyl O-p-nitrophenyl phosphate in the cockroach and honey bee brain and
correlate symptomology with site o f localized inhibition. It would seem that this
information might be useful in designing new insecticides which would selectively
inhibit vital areas of the insect CNS. In addition, this information may provide some
insight as to the mode of action of these compounds in an intact insect.

MATERIALS AND METHODS
Cockroaches (Periplaneta americana) were reared in the Riverside laboratory
under standard conditions. The honey bees (Apis mellifera) were obtained from the
apiary located at the Department of Entomology, Riverside, California. A chemically
pure sample o f the inhibitor 0,0-diethyl O-p-nitrophenyl phosphate (paraoxon, E-600)
was used in this study. The histochemical methods were conducted according to
procedures described by Booth and Metcalf (1970a, 1970b) and Booth and Whitt
(1971). The substrate acetylthiocholine was obtained commercially from Nutritional
Biochemical Corporation and was o f reagent grade. The insects were treated topically
using a calibrated microsyringe in which a known concentration of insecticide was
applied on various regions o f the insect body. Following specific periods of incubation,
the head was severed from the body, frozen and dissected using a cryostat microtome.
Dissections o f the individual organs and tissues have been avoided and thus it is hoped
that a more natural distribution o f the ChE enzymes might be followed and in
addition a more natural fate and effect of the histochemical pattern o f the inhibitor
can be followed easily. By using this procedure, one can localize ChE activity in intact
tissues as well as show relative quantitative relationships.

RESULTS
The normal distribution o f ChE in the structures of the head and brain of the
American cockroach are represented in Figs. 1-27. Note that ChE activity appears in
shades o f black in the figures. It was observed that only nervous tissue showed ChE
activity. No ChE was observed in any of the muscle structures o f the head thereby
agreeing with the results reported by Wigglesworth (1958) who found that
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cholinesterase was not present in the muscles of Rhodnius. This is also in agreement
with what we have found previously (Booth and Lee 1971) in the cockroach. We were
able to identify ChE activity in all o f the ganglion, the glomeruli (G) of the
deutocerebrum (D) by subsequent serial sectioning. All of the structures o f the CNS
showed ChE activity. Note especially the mushroom bodies, more commonly known as
the corpora penduculata (CP), as 'they will be a primary target in subsequent pictures
that will be shown on the fate and effect of paraoxon on these structures. The CP
constitute the largest and most highly developed association centers in the brain of
insects. As discussed later, the mushroom bodies may play an important role as one of
the critical localizations o f ChE inhibition by organophosphate insecticides. The central
body (CB) shows strong ChE activity. According to Snodgrass (1935), the CB has no
nerve cell bodies associated with it but appears
to be an important center of
association between the terminal fibers o f a number of areas of the brain. The optic
lobes (OL) are very active in ChE. ChE active structures, seen in Figs. 10-12, are the
tritocerebral lobes (TL) as previously described by Willey (1961). The suboesophageal
ganglion can be observed in Figs. 13-27. The corpora cardiaca (CC) are shown in Figs.
13-15. Enzyme activity was localized on the peripheral edges of these structures while
the central area did not demonstrate any activity. The nerve cord axons (A) emerging
from the suboesophageal ganglion can be seen in Figs. 13-21. The activity of ChE in
these axons was the same as that of the suboesophageal ganglion. Therefore, in
summary, the structures that show ChE activity
in the head of the American
cockroach are the frontal ganglion, the glomeruli of thedeutocerebrum, corpora
pendunculata, central body, optic lobes, tritocerebral lobes, circumesophageal
connectives, corpora cardiaca, suboesophageal ganglion, and the nerve cord axons that
attach at the base of the suboesophageal ganglion. These figures will serve as a control
so that comparisons can be made with similar structures in the insecticide-treated
cockroaches. In this way, the fate of the toxicant can be pinpointed to specific areas
of the brain which might suggest critical areas o f inhibition in the brain that are
associated with the death and/or knock-down of the insect.
Three different sites of topical application of paraoxon were studied to see how
they related to the inhibition of ChE in the brain o f the American cockroach as well
as to the speed of the appearance of poisoning symptoms. Figs. 28-64 show the results
o f inhibition patterns of ChE o f the brain after treatment with 2 micrograms paroxon
per gram (LD 99) on the tip o f the abdomen. Typical symptoms of OP poisoning
began about 7 minutes after treatment with the compound. The cockroach became
quiescent and began curling the tip of its abdomen inward towards the ventral portion
of its body. The appendages began to tremor at this time, and there were also rapid
movements o f the head in a jerking fashion up and down. Salivation was apparent also.
By 15 minutes after treatment, there were pronounced convulsions followed by
paralysis and the cessation o f all visible activity. At this time the head was quickly
severed from the body, frozen and carried through the general histochemical
procedures described in the methods section. After a careful comparative study o f the
structures o f the brain from the treated and untreated cockroach, several significant
relationships can be observed. It is noted that inhibition is generalized throughout the
brain except in the peripheral areas o f the protocerebrum (P) and deutocerebrum (D).
The internal areas of the protocerebrum were often highly inhibited which would seem
to suggest that the toxicant was mediated up through the axons of the nerve cord to
the brain and then spread to the periphery. However, some of the inhibition is more
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generalized and therefore inhibition via the blood cannot be discounted. The brain and
structures of the brain shown in Figs. 30-37 show a lighter staining reaction for ChE
than the parts of the brain shown in Figs. 38-47. This difference may be due to
penetration factors; that is, the outer parts of the brain become inhibited faster than
the inner parts. Again, the selective inhibition of the central parts of the brain can be
seen.
The most consistent feature of the inhibition pattern of the structures of the
brain was the constant ChE inhibition of the corpora pedunculata (Fig. 40; ICP means
inhibited corpora pedunculata; compare this Fig. with that in Fig. 5). The importance
of this inhibition will be discussed later. In Figs. 45-51, there were indications of
selective inhibition in the area of the tritocerebrum. Active ChE (AC) areas are shown
in these Figures. The inhibition pattern of the suboesophageal ganglion is shown in
Figs. 52-64. It was noted that there was always AC at the junction of the nerve cord
axons with the ganglion and the àrea of most pronounced inhibition was the lower half
of the ganglion. The junctions o f the axons and ganglion are active while inhibited
lobes aré consistently inhibited.
Figs. 65-76 show the inhibition patterns of the structures o f the brain of the
American cockroach after treatment with 2 micrograms paraoxon per gram between
the mesothoracic and metathoracic legs. In this case, the poisoning symptoms began
slightly sooner (5 min. after treatment), but at 15 minutes after treatment the same
pronounced symptoms appeared as were described from the animals treated with the
toxicant on the tip of the abdomen. In general, the results of the effects of the
inhibition pattern were essentially the same as those in the cockroach treated on the
tip of the abdomen. The most anterior parts of the brain shown in Figs. 65-69,
depict a nonselective inhibition pattern of the brain, that is, not any one structure is
inhibited more than any other one. However, the general activity of ChE in this part
of the brain appeared to be greater than those structures o f the brain shown in Figs.
38-44. Once again, however, the CP was consistently and completely inhibited as
typically shown in Fig. 66 (ICP, inhibited corpora pedunculata). Note also that in Fig.
69 the central part of the ganglion is more inhibited than the outer parts o f the brain
in the lamina ganglionaris (LG) o f the optic lobes which was the same pattern as
observed when the cockroach was treated on the tip of the abdomen.
An additional study was completed on the effects o f paraoxon when it was
applied on the frons area of the head. In this test, the pattern of inhibition was
identical for those treatments which were placed on the thorax and tip of the abdomen.
There was, however, an apparent “swamping” of thè enzyme activity in the brain
which appeared to be slightly more complete than in the other 2 cases. However, as
was the case for the thorax and abdomen treated insects, there was a complete
inhibition òf the CP. The occurrence o f symptoms o f poisoning after treatment on the
frons was slightly faster than the thorax, which was slightly faster than the abdomen.
A similar study was conducted using the honey bee, Apis mellifera. These data
were interesting from the standpoint that symptomology and inhibition of
cholinesterase poisoning were difficult to follow. The only structure which paraoxon
seemed to affect was the lamina ganglionaris as seen in Figs. 77 and 78. This pattern
was the same as the data shown with some carbamates (Booth 1969) *. Poisoning
*Booth G.M. Histochemical localization of cholinesterase in the insect central nervous
system. Ph.D. dissertation, University of California, Riverside, March, 1969.
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symptoms were difficult to obtain with this animal regardless of where the treatment
of the toxicant was applied. The honey bee apparently has a unique detoxication
system which allows it to inactivate this particular molecule'
DISCUSSION
The application of paraoxon on 3 different body regions of the cockroach did
not adversely affect the pattern of inhibition of ChE jn the brain. Only the onset of
symptoms of poisoning appeared to be different. The speed of occurrence of the
symptoms in the order of the fastest to the slowest is: head > thorax > abdomen. The
pattern of inhibition of ChE in all cases was generalized with the exception o f possibly
the following: the inhibitor affected the central portions of the brain most o f all with
less inhibition occurring at the peripheral areas of the brain. This would suggest that
the toxicant may be transferred both through the blood and up the nerve cord axons
into the central parts of the brain. There seëms to be evidence for both modes of
transfer and these experiments could not confirm one or the other, although there is
évidence for haemolymph movement of toxicants in other insects (Booth and Lee
1971). However, the one consistent feature of all of the treatments was the complete
inhibition o f the CP. This is one of the most concentrated areas of synapse because
many netve tracts, both sensory and motor, center in the CP from all parts of the
brain, compound eyes, ocelli, antennae, suboesophageal ganglion, and ventral nerve
cord (Snodgrass 1935). These structures are primarily regarded as the seat of the
“mind” of some insects such as bees. Kenyan (1896) has suggested that the mushroom
bodies are the elerhents that control or produce the movements that are “intelligent”.
Other authors ■have surmised that these bodies are the places where nervous
coordinations are synchronized and maintained and in this sense they rnfght be termed
“organs of intelligence” as well as the “computer center o f the brain” (Jonescu
1909). It could be conceivable that thè ChE enzymes located in the' CP might be the
key factors in controlling the phsyiological system of the insect and when they are
inhibited, the association centers in the various parts of the body connected to these
structures would be ' inactivated and in turn the associated symptoms which we have
observed would occur:
Booth and Metcalf (1970b) found that phenylthioacetate was hydrolyzed to a
considerable éxtent by honey bee brain ChE. The distribution pattern was essentially
the same as that found for acetylthiocholine. It was shown by using techniques of
electrophoresis and the use of selective inhibitors that honey bee brains contain at least
3 ChE isoenzymes. The region of the deutocérebrum was found to contain an esterase
insensitive to organophosphorus compounds. This study was'completed by taking
sections of the honey bee brain and incubating them with appropriate concentrations
o f paraoxon. The present experiments show ChE inhibition by paraoxon only in the
LG which supports in part the findings of Booth and Metcalf (1971b). However,
additional portions of the honey bee brain should have been inhibited. Apparently,
paraoxon behaves differently in an intact system as compared to tissue sections which
are incubated with the inhibitor.
Frontali et al. (1971) incubated sections of Periplaneta brain with 2 x KL6 M
paraoxon and found that when the incubation times were extended up to 120 minutes,
the brains did not show any deposition of precipitate corresponding to enzyme
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activity. Frontali et al. (1971) continued to discuss their histochemical studies in light
of reference to only one histochemical paper, that by Wigglesworth (1958). This is
rather surprising considering the rather recent histochemical information which has
been published in the last few years as pointed out in the introduction portion of this
paper.
Our data show that regardless of where the toxicant is applied, paraoxon is
transported into the brain of the cockroach. There is a considerable variation between
insects in terms of the fate of OP molecules. Booth and Metcalf (1970a) showed that
treatment on the tips of the abdomens of houseflies with selected insecticides caused
very little inhibition in the head and, invariably, symptomology of poisoning was
associated with inhibition o f the peripheral areas o f the thoracic ganglion. The
significance of this apparently good correlation between symptoms o f poisoning and
inhibition of ChE in this region o f the body rather than inhibition of ChE in the
neuropile or synaptic region has also been found by Brady (1971). Burt et al. (1966)
showed that the condition o f a poisoned cockroach corresponded more closely with
the functional condition o f the metathoracic ganglion than to the sixth abdominal
ganglion. No information was given on the effects of the inhibitor on brain ChE. The
failure o f investigators to find correlations of total cholinesterase inhibition and
symptoms o f poisoning would suggest that specific sites may be more important at the
time of intoxication or death. Therefore, there is a possibility that these sites may be
vital in the overall scheme o f ChE inhibition. In addition, it is likely that much of the
fate and speed o f entry o f a particular compound into the nervous system o f an insect
is dependent upon the intrinsic structure o f the compound used (Booth and Metcalf
1970b; Booth and Lee 1971). Histochemical information on the effects of
organophosphorus compounds on crickets was studied just recently (Booth and Lee
1971). These data show that the time for knockdown using the inhibitor 0,0-dim ethyl
S-phenyl phosphorothioate at a dose of 140 micrograms per gram was usually 35 to 40
minutes. When the animals appeared to be only “affected,” that is, when the insect
showed nervous movement, the antennae moving rapidly and the animal walking about,
the brain ChE was always normal, slight peripheral inhibition was evident in the
prothoracic ganglion and the inhibition became progressively less evident toward the
posterior part of the CNS. Whenever there was less enzyme inhibition in the ganglia,
commissures, and the brain, the animal was still able to make coordinate^ walking
movements. The cricket and the cockroach are substantially different physiologically
since it has been shown that there is an enzyme which will hydrolyze acetylthiocholine
in the muscles of crickets which is not observed under similar conditions in the muscles
of cockroaches (Booth and Lee 1971). Additional experiments are currently in progress
to determine the effect of a variety of different OP and carbamate insecticides on other
ganglia located in the cockroach and honeybee body in terms of correlating the symptoms
of poisoning with localized effects o f the inhibitors. We feel that this information will
be useful in designing new candidate insecticides for the various major insect pests.
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ABBREVIATIONS USED IN FIGURES 1 -7 8
The following abbreviations are used to describe the structures and inhibition
patterns o f the brain: CP, corpora pedunculata; G, glomeruli; CB, central body; OL,
optic lobe; TL, tritocerebral lobe; CC, corpora cardiaca; A, axons; FG, frontal ganglion;
P, protocerebrum; D, deutocerebrum, ICP, inhibited corpora pedunculata; AC, active
cholinesterase; LG, lamina ganglionaris; T, tritocerebrum; ME, medulla externa; MI,
medulla interna; LGI, lamina ganglionaris inhibition.
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GREEN FINGERS: an appreciation of Gottfried S. Fraenkel’s bibliography
In contemporary zoology Gottfried S. Fraenkel is the chap with the magical
touch, the man with green fingers. This is a peculiar and elusive and infinitely dersirable
quality which more or less defies analysis yet is instantly recognisable —and gives a lift
o f the heart. Ask a fellow scientist what he considers Fraenkel’s chief contribution to
science or his best paper and he will reply immediately - probably with a totally
different choice from the next man - but he will always seem delighted and eager to
tell you. This is because the ideas in question are somehow stimulating, with an
effervescent quality which seems to lead you on with the feeling that there are
unknown doors ajar. One of Fraenkel’s greater gifts is to recognize the question to
which we need an answer, and to know how to ask it. But the solution is never dull or
ponderous, however portentous or penetrating —nor does it engender a sense of
finality - but seems to point the way to new and sparkling lines o f research. Simple
experiments are designed to answer basic questions and the deftness and speed of
execution —for Fraenkel must be one of the fastest workers o f all time - is reflected
in the crystal clarity of the expose.
Sometimes the volume of response has been so great that the original paper
which began it all - the match which started the conflagration —is lost sight of and,
almost as a matter of course, it is incorporated into the anonymous bulk o f accepted
biological thought of the day. This, to all intents and purposes, has happened to what
many o f us consider his best paper (11), written while he was Bodenheimer’s assistant
at the Hebrew University, the first accurate and coherent interpretation o f the
migratory behavior of locust hoppers. In a sense a similar (perhaps enviable?) fate has
overtaken the! application o f the technique by which Fraenkel first demonstrated the
tarsal reflex (“Flugreflexe”) - - for it is used universally, but its origins are rarely if
ever acknowledged. This criticism cannot be levelled at “The Principles o f Insect
Physiology” ( 6 th edition) for it cites this paper (16) and the ever perspicacious and
sagacious Wigglesworth accords Fraenkel no less than twenty-one references —probably
more than any other author*.
Munro Fox was an immensely intuitive judge of his contemporaries and picked
out his contributors to Biological Reviews with unerring instinct and surprising success,
always tinged with a sense of discovery, and I recall how delighted he was when
Fraenkel agreed to write his “Mechanic der Orientierung der Tiere im Raum” for his
journal. I happened to sit next to him at an S.E.B. dinner and he advised me to watch
Fraenkel “glide on to great things” . That excellent book concerning the Orientation of
Animals (38) written in collaboration with D.L. Gunn was the outcome o f four or five
years work which had its origins in this article. Fraenkel himself generously attributes
much of the fundamental thinking to Gunn**, perhaps not realizing how greatly his
collaborators depend on his ability to clarify and crystallize their own half-formulated
ideas.
An impartial observer from Mars would, I fancy, consider Fraenkel’s greatest
contribution his work on insect nutrition and dietetics, for when all is said and done,
this is the sphere in which the insect world exerts its greatest impact on man. It is even
more important than his basic discoveries concerning insect cuticle (34, 58) or his
* Except for V.B. Wigglesworth himself (37) and C.M. Williams (22). Ed.
** Fraenkel inspired many devoted collaborators but perhaps Marjorie Blewett (dietetics
work), Stanley Friedman (carnitine), Catherine Hsiao (Bursican) and Jan Zdarek
require special mention. Ed.
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elegant work on hormones (not excepting the discovery o f bursicon 144, 146, 150,
152, 170-78, 180), or his imaginative elucidation of the function of halteres in flies.
The immensely fruitful “asides” like his original ligation experiments (34, 58) which
eventually lead others onto the discovery of ecdysone, or the acceleration factors in
pupariation (which, who knows? may lead to an explanation o f the true function of
ecdysone) or the felicitous excursions into marine oecology (128, 131, 165) serve only
to emphasise and highlight the main contribution.
The second world war, with its insistence on applied research and the problems
connected with stored products, gave Fraenkel the opportunity to return with great
élan to some earlier thinking on the question of insect food requirements. From then
onwards one can say he brought order into chaos and quite simply revealed the insects’
fundamental or basic requirements concerning protein, carbohydrates, sterols, vitamins
(folic acid, biotin, choliae)'as well as the fascinating role of intracellular symbionts in
supplying, some of these substances. Within the cadre of insect nutrition one naturally
includes the discovery o f carnitine (73). This series of studies engendered enormous
interest, and research on carnitine radiated out into laboratories all over the world
(including a symposium devoted entirely to recent research in carnitine, see 153).
Although many people think its function lies essentially in the oxydation of fatty
acids, Wigglesworth (p, 172) agrees with Fraenkel and his collaborator S. Friedman,
that its real function is still. entirely unknown. Practically all organisms synthesize it
(except Tenebrio) and its fundamental importance is thus stressed. We look forward to
new and exciting discoveries in this field. Perhaps one appreciates the synthesis on
insect nutrition, because it illustrates, more than' any other part o f Fraenkel’s
awe-inspiring-contribution, his gift of perceiving at a glance, not only the wood and
the trees, but the flowers growing beneath the trees.
This brief appreciation should probably end here and the bibliography be allowed
to speak for itself, but I cannot resist singling out Fraenkel’s paper on secondary plant
substances and the relationship between plants and insects. This is for purely personal
reasons (apart from any other angle, the ten papers I have published in collaboration
with Tadeus Reichstein were the direct outcome of Fraenkel’s ideas) and I like the
opportunity o f saying so, mainly because the paper gave me so much pleasure. What
was so infinitely agreeable about these ideas (79) was the background of simple natural
history. We were waiting to link green plants and flowers and butterflies in a new
concept of chemical co-evolution — and in a flash it was there, thrown out with that
inimitable mixture of nonchalance and pin-point acuity.
How difficult it is to put one’s finger soberly on the precise qualities which lift a
man out of the run o f distinguished scientists and place him among the men o f genius!
One o f the disastrous effects of expansion of modern research is the dead-weight of
contemporary literature. The accumulation of so many facts — often expressed in
dreary, unreadable language, weighted down with indigestible technical details,
irritating abbreviations and titleless references - has a stultifying effect on the mind,
and extinguishes that rare and rather sickly spark of originality that some o f us hope
we may possess. Miraculously, Fraenkel’s writing has exactly the opposite effect. His
papers instantly diffuse a sense of optimism and agreeable receptivity, the weary
defensive block is dissipated, like a brilliant conversationalist who makes the listener
feel clever, he coaxes and chàrms the creative ideas to the surface. Perhaps after all it
is quite simple: Fraenkel is an artist as well as a scientist.
M.R.

159

THE SCIENTIFIC PUBLICATIONS OF PROFESSOR GOTTFRIED S. FRAENKEL

1. G. Fraenkel. 1925. Der statische Sinn der Medusen. Zeitschr. vergl. Physiol.
2:658-690.
2. G. Fraenkel. 1927. Phototropotaxis bei Meeröstieren. Die Naturwissenschaften
74:117-122.
3. G. Fraenkel. 1927. Beiträge zur Biologie eines Arkturiden. Zool. Anzeiger 69:
219-222.
4. G. Fraenkel. 1927. Beiträge zur Phototaxis und Geotaxis von Littorina. Zeitschr.
vergl. Physiol. 5:585-597.
5. G. Fraenkel. 1927. Die Grabbewegungen der Soleniden. Zeitschr. vergl. Physiol.
6:167-220.
6 . G. Fraenkel. 1927. Ueber Photomenotaxis bei Elysia viridis. Zeitschr. vergl.
Physiol. 6:385-401.
7. G. Fraenkel. 1927. Biologische Beobachtungen an Janthina. Zeitschr. Morph.
Oekol. d. Tiere. 7:597-608.
8 . A. Kühn and G. Fraenkel. 1927. Ueber das Unterscheidungsvermögen der Bienen
für Wellenlängen im Spektrum. Nachr. Ges. d. Wiss. zu Göttingen. Math. Phy.
Kl. p. 1-6.
9. G. Fraenkel. 1928. Ueber den Auslösungsreiz des Umdrehreflexes bei Seesternen
und Schlangensternen. Zeitschr. vergl. Physiol. 7:365-378.
10. G. Fraenkel. 1929. Ueber die Geotaxis von Convoluta roscoffensis. Zeitschr. vergl.
Physiol. 70:237-247.
11. G. Fraenkel.
1929. Untersuchungen über die Lebensgewohnheitenj Sinnes
physiologie und Sozialpsychologie der wandernden Larven der afrikanischen
Wanderheuschrecke Schistocerca gregaria. Biol. Zentralblatt. 49:657-680.
12. G. Fraenkel. 1930. Der Atemmechanismus des Skorpions. Zeitschr. vergl. Physiol.
77:300-313.
13. G. Fraenkel. 1930. Die Orientierung von Schistocerca gregaria zu strahlender
Wärme. Zeitschr. vergl. Physiol. 75:300-313.
14. G. Fraenkel. 1930. Beiträge zur Physiologie der Atmung der Insecten. Atti dell XI
Congresso Internationale di Zoologia. Padova 905-921.
15. G. Fraenkel. 1931. Die Mechanik der Orientierung der Tiere im Raum. Biol. Rev.
and Biol. Abstr. Cambridge Phil. Soc. 6:36-87.
16. G. Fraenkel. 1932. Untersuchungen über die Koordination von Reflexen und auto
matisch-nervösen Rhythmen bei Insekten. I. Die Flugreflexe der Insekten
und ihre Koordination. Zeitschr. vergl. Physiol. 76: 371-393.
17. G. Fraenkel. 1932. Die nervöse Regulierung der Atmung während des Fluges.
Zeitschr. vergl. Physiol. 76:394-417.
18. G. Fraenkel. 1932. Das Problem des gerichteten Atemstromes in den Tracheen der
Insekten. Zeitschr. vergl. Physiol. 76:418-442.
19. G. Fraenkel. 1932. Ueber die nervösen Zentren der Atmung und die Koordination
ihrer Tätigkeit. Zeitschr. vergl. Physiol. 76:443-462.

160

2 0 . G. Fraenkel. 1932. Die Wanderungen der Insekten. Ergebnisse der BioLogie
6 :1-238.
21. G. Fraenkel. 1934. Der Atemmechanismus der Vogel wahrend der Fluges. Biol.
Zentralblatt. 54:96-101.
22. G. Fraenkel. 1934. Pupation of flies initiated by a hormone. Nature 133:834.
23. G. Fraenkel. 1935. A hormone causing pupation in the blowfly Calliphora erythrocephala. Proc. Roy. Soc. Ser. B. No. 8 0 7 ,11 8 :1-12.
24. G. Fraenkel. 1936. Observations and experiments on the blowfly (Calliphora erythrocephalaj during the first day after emergence. Proc. Zool. Soc. London,
894-904.
25. G. Fraenkel. 1936. Utilization of sugars and polyhydric alcohols by the adult
blowfly. Nature 137:713.
26. G. Fraenkel and G.V.B. Herford. 1938. The respiration of insects through the skin.
J. Exp. Biol. 75:266-280.
27. G. Fraenkel and J.W.S. Pringle. 1938. Halteres of flies as gyroskopic organs of
equilibrium. Nature 141:919.
28. G. Fraenkel. 1938. Temperature adaptation and the physiological action of high
temperatures. Kongressbericht II, 16th Internat. Physiol. Contr. Zurich,
1938.
29. G. Fraenkel and J.L. Harris. 1938. Irregular abdomina in Calliphora erythrocephala. Proc. R. Ent. Soc. London (A) 13:1-9.
30. G. Fraenkel. 1938. The evagination of the head in the pupae of cyclorrhaphous
flies (Diptera). Proc. R. Ent. Soc. Lond. (A) 75:137-138.
31. G. Fraenkel. 1938. The number of moults in the cyclorrhaphous flies (Diptera).
Proc. R. Ent. Soc. London. (A) 75:158-160.
32. G. Fraenkel. 1939. The function of the halteres of flies (Diptera). Proc. Zool. Soc.
London (A) 709:69-78.
33. G. Fraenkel. 1940. Utilization and digestion of carbohydrates by the adult blow
fly. J. exp. Biol. 77:18-29.
34. G. Fraenkel and K.M. Rudall. 1940. A study of the physical and chemical pro
perties of the insect cuticle. Proc. Roy. Soc. London (B )N o. 854 729:1-35.
35. G. fraenkel and H.S.Hopf. 1940. The physiological action of abnormally high
temperatures on poikilothermic animals. I. Temperature adaptation and the
degree of saturation of the phosphatides. Biochem. J. 54:1085-1092.
36. G. Fraenkel and G.V.B. Herford. 1940. The physiological action of abnormally high
temperatures on poikilothermic animals. II. Tire respiration at high sublethal
and lethal temperatures. J. exp. Biol. 7 7:396-398.
37. G. Fraenkel and R.A. Davis. 1940. The oxygen consumption o f flies during flight.
J. exp. Biol. 7 7:402-407.
38. G. Fraenkel and D.L. Gunn. 1940. The Orientation of Animals. Kineses, Taxes,
and Compass Reactions. Oxford, Clarendon Press, 135 Fig. pp. 352.
39. G. Fraenkel, J.A. Reid and M. Blewett. 1940. The sterol requirements o f the larva
of the beetle, Dermestes vulpinus. Biochem. J. 55:712-720.
40. G. Fraenkel and M. Blewett 1941. Deficiency of white flour in riboflavin (tested
with the flour beetle Tribolium confusum). Nature 747:716.
41. G. Fraenkel and M. Blewett. 1942. Biotin as a possible growth factor for insects.
Nature 749:301.

161

42. G. Fraenkel and M. Blewett. 1942. Biotin, B1; riboflavin, nicotinic acid, B6, and
pantothenic acid as growth factors for insects. Nature 150:111.
43. G. Fraenkel and M. Blewett. 1943. Vitamins of the B-group required by insects.
Nature 752:703.
44. G. Fraenkel and M. Blewett. 1943. Intracellular symbionts of insects as a source of
vitamins. Nature 142:1943.
45. G. Fraenkel. 1943. Insect Nutrition. J. Roy. College of Science 13:59-69.
46. G. Fraenkel and M. Blewett. 1943. The basic food requirements of several insects.
J. exp. Biol. 20:28-34.
47. G. Fraenkel and M. Blewett. 1943. The Vitamin B-complex requirements of
several insects. Biochem. J. 57:686-692.
48. G. Fraenkel and M. Blewett. 1943. The sterol requirements of several insects.
Biochem. J. 57:692-695.
49. G. Fraenkel and M. Blewett. 1943. The natural foods and the food requirements
o f several species of stored products insects. Trans. R. ent. Soc. 95:457-490.
50. M. Blewett and G. Fraenkel. 1944. Intracellular symbiosis and vitamin require
ments o f two insects, Lasioderma serricorne and Sitodrepa panicea. Proc.
Roy. Soc. (B) 752:212-221.
51. G. Fraenkel and M. Blewett. 1944. Stages in the recognition of biotin as a growth
factor for insects. Proc. R. ent. Soc. Lond. (A) 79:30-35.
52. G. Fraenkel and M. Blewett. 1944. The utilization of metabolic water in insects.
Bull. Ent. Res. 55:127-139.
53. G. Fraenkel and M. Blewett. 1945. Linoleic acid, a-tocopherol and other fatsoluble substances as nutritional factors for insects. Nature 755:392.
54. G. Fraenkel and M. Blewett. 1946. The dietetics of the clothes moths, Tineola
biselliella Hum. J. exp. Biol. 22:156-161.
55. G. Fraenkel and M. Blewett. 1946. The dietetics o f the caterpillars o f three
Ephestia species, E. kuehniella, E. elutella and E. cautella, and o f a closely
related species, Plodia interpunctella. J. exp. Biol. 22:162-171.
56. G. Fraenkel and M. Blewett. 1946. Linoleic acid, vitamin E and other fat-soluble
substances in the nutrition o f certain insects (Ephestia kuehniella, E. elutella,
E. cautella and Plodia interpunctella). J.exp. Biol. 22:172-190.
57. G. Fraenkel and M. Blewett. 1946. Folic acid in the nutrition of certain insects.
Nature 757:697.
58. G. Fraenkel and K.M. Rudall. 1947. The structure of insect cuticles. Proc. Roy.
Soc. (B) 754:111-143.
59. G. Fraenkel and M. Blewett. 1947. The importance of folic acid and unidentified
members of the vitamin B complex in the nutrition of certain insects.
Biochem. J. 47:469-475.
60. G. Fraenkel and M. Blewett. 1947. Linoleic acid and arachidonic acid in the meta
bolism of two insects, Ephestia kuehniella and Tenebrio molitor. Biochem. J.
41:415-418.
61. P. Elliner, G. Fraenkel and M.M. Abdel Kader. 1947. A comparative study into the
utilization o f nicotinamide derivatives and related compounds by mammals,
insects and bacteria. Biochem. J. 47:59-68.
62. G. Fraenkel. 1948. B^, a new vitamin o f the B-group and its relation to the folic
acid group and other anti-anaemia factors. Nature 267:981-983.

162

63. G. Fraenkel. 1948. The effects of a relative deficiency of lysine and tryptophane
in the diet of an insect, Tribolium confusum. Biochem. J. 45: Proceedings
xiv.
64. G. Fraenkel. 1948. Evidence for the need, by certain insects, for three chemically
unidentified factors of the vitamin B-complex. Brit. J. Nutrition 2. Abstracts
of Communications. 1-ii.
65. G. Fraenkel. 1949. Unidentified vitamins of the B-complex. Federation Proc.
<5:489.
66 . G. Fraenkel. 1950. The nutrition of the meal worm, Tenebrio molitor. Physiol.
Zool. 25:92-108.
67. N.C. Pant and G. Fraenkel. 1950. The function of the symbiotic yeasts of two
insect species, Lasioderma serricome F. and Stegobium (Sitodrepa) paniceum
L. Science 772:498-500.
68 . G. Fraenkel and H.R. Stern. 1951. The nicotinic acid requirements of two insect
species in relation to the protein contents of their diets. Arch. Biochem.
54:468-477.
69. G. Fraenkel. 1951. Vitamin By. I. Deficiency symptoms, method of testing, distri
bution, isolation procedures and some properties. Feder. Proc. 70:183-184.
70. FEE. Carter, P.K. Bhattacharryya and G. Fraenkel. 1951. Vitamin By. II. Purifica
tion and chemical studies. Feder. Proc. 70:170.
71. G. Fraenkel. 1951. Effect and distribution of vitamin By. Arch. Biochem. Biophys. 34:457-468.
72. G. Fraenkel. 1951. Isolation procedures and certain properties of vitamin By.
Arch. Biochem. Biophys. 54:468-477.
73. H.E. Carter, P.K. Bhattacharryya, K. Weidman, and G. Fraenkel. 1952. On the
identity of vitamin By with carnitine. Arch. Biochem. Biophys. 38:405-416.
74. M.I. Cooper and G. Fraenkel. 1952. Nutritive requirements of the smalleyed flour
beetle, Palorus ratzeburgi Wissman (Tenebrionidae, Coleóptera). Physiol.
Zool. 25:20-28.
75. G. Fraenkel. 1952. Function of vitamin By (carnitine). Feder. Proc. 77:443.
76. G. Fraenkel. 1952. A function of the salivary glands of the larvae o f Drosophila
and other flies. Biol. Bull. 705:285-286.
77. G. Fraenkel. 1952. The role of symbionts as sources of vitamins and growth
factors for their insect hosts. Tijdsch. Entomologie 9 5 :183-195.
78. G. Fraenkel. 1952. The nutritional requirements o f -insects for known and un
known vitamins. Trans. Ninth Int. Congr. Entomol. Amsterdam. 1951, Vol.
1.277-280.
79. G. Fraenkel. 1953. The nutritional value of green plants for insects. Trans. IXth
Intern. Congr. Entomol. Amsterdam. 1951, Vol. 2. 90-100.
80. H.E. Gray and G. Fraenkel. 1953. Fructomaltose, a recently discovered trisac
charide isolated from honeydew. Science 775:304-305.
81. G. Fraenkel. 1953. Studies on the distribution of vitamin By (carnitine). Biol.
Bull. 704:359-371.
82. S. Friedman, P.K. Bhattacharryya and G. Fraenkel. 1953. Function of carnitine
(Bx ). Feder. Proc. 72:414-415.

163

83. H.E. Carter, P.K. Bhattacharryya, K.R. Weidman and G. Fraenkel. 1952. Chemi
cal studies' on vitamin B j. Isolation and characterization as carnitine.
Arch. Biochem. Biophys. 35:405-416.
84. G. Fraenkel and V.J. Brookes. 1953. The process by which the puparia of many
species of flies become fixed to a substrate. Biol. Bull. 705:442-449.
85. E.W. French and G. Fraenkel. 1954. Carnitine (vitamin B j) as a nutritional re
quirement for Tribolium confusum Duval. Nature 773:173.
86 . H.E. Gray and G. Fraenkel. 1954. The carbohydrate components of honeydew.
Physiol. Zool. 27:56-65.
87. G. Fraenkel and P.I. Chang. 1954. Manifestations of a vitamin B j (carnitine) defi
ciency in the larvae of the mealworm, Tenebrio molitor. Physiol. Zool.
27:40-56.
88 . G. Fraenkel and G.E. Printy. 1954. The amino acid requirements of the confused
flouf beetle, Tribolium confusum. Biol. Bull. 70(5:149-157.
89. H.H. Moorefleld and G. Fraenkel. 1954. The character and ultimate fate of the
salivary secretion of Phormia regina Meig. (Díptera, Calliphoridae). Biol. Bull.
706:178-184.
90. S. Friedman, P.K. Bhattacharryya and G. Fraenkel. 1954. Acetyl carnitine as an
acetyl donor. Feder. Proc. 73:214.
91. H. Lipke and G. Fraenkel. 1954. Toxicity of corn germ for Tenebrio molitor.
Feder. Proc. 73:464.
92. G. Fraenkel. 1954. Inhibitory effects of sugars. Feder. Proc. 73:457-458.
93. H. Lipke, and G. Fraenkel and I.E. Liener. 1954. The effect of soybean inhibitors
on the growth of Tribolium confusum. J. of Agrie, and Food Chemistry
2:410-414. Also in Abstr. 127th Amer. Cliem. Soc. Meeting, Chicago, 1953.
94. P.I. Chang and G. Fraenkel. 1953. The histopathology of vitamin Bp (carnitine)
deficiency in the larvae of the mealworm, Tenebrio molitor. Physiol. Zool.
27:40-56.
95. G. Fraenkel. 1954. The distribution o f vitamin B-p (carnitine) throughout the
animal kingdom. Arch. Biochem. Biophys. 50:486-595.
96. S.C. Rasso and G. Fraenkel. 1954. The food requirements of the adult female
blowfly, Phormia regina (Meigen) in relation to ovarian development. Ann.
Ent. Soc. Amer. 47:636-645.
97. N.C. Pant and G. Fraenkel. 1954. Studies on the symbiotic yeasts of two insect
species, Lasioderma serricorne F. and Stegobium paniceum. Biol. Bull.
707:420-432.
98. N.C. Pant and G. Fraenkel. 1954. On the function of the intracellular symbionts
of Oryzaephilus surinamensis L. (Cucujidae, Coleóptera). J. of the Zool.
Society of India (5:173-177.
99. G. Fraenkel. 1955. Inhibitory effects of sugars on the growth of the mealworm,
Tenebrio molitor L. J. Cell Comp. Physiol. 45:393-408.
100. P.K. Bhattacharyya. S. Friedman and G. Fraenkel. 1955. The effect of some
derivatives and analogues of carnitine on the nutrition of Tenebrio molitor.
Arch. Biochem. Biophys. 54:424-436.
101. G. Fraenkel, S. Friedman, Taylor Hinton, Sylvia Laszlo and Jerre L. Noland. 1955.
The effect, of substituting carnitine for choline in the nutrition of seveial
organisms. Arch. Biochem. Biopiivs. 54:432-439.
/

164

102. H. Lipke and G. Fraenkel. 1955. The toxicity of corn germ to the mealworm,
Tenebrio molitor. J. Nutrition 55:165-178.
103. M. Brust and G. Fraenkel. 1955. The nutritional requirements of the larvae of a
blowfly, Phormia regina Meigen. Physiol. Zool. 2 8 :186-204.
104. S. Friedman and G. Fraenkel. 1955. Reversible enzymatic acetylation of carni
tine. Arch. Biochem. Biophys. 5 9 :484490.
105. S. Friedman, J.E. McFarlane, P.K. Bhattacharyya and G.Fraenkel. 1955. Quanti
tative separation and identification o f quaternary ammonium bases. Arch.
Biochem. Biophys. 59:490-501.
106. T. Ito and G. Fraenkel. 1956. Anti-carnitine effect of 7 -butyrobetaine on the
development of the chick embryo. Feder. Proc. 75:558.
107. S. Friedman, A.B. Galun and G. Fraenkel. 1956. Isolation and physiological action
o f (+) carnitine. Feder. Proc. 15:256-257.
108. H. Lipke and G. Fraenkel. 1956. Insect nutrition. Annu. Rev. Entomol. 7 :1 7 4 4 .
109. G. Fraenkel. 1956. The Tenebrio assay for carnitine. In: “Methods o f Enzymology,” edited by S.P. Colowick and N.O. Kaplan, vol. 3. 662-667.
110. G. Fraenkel. 1956. Insécts and Plant Biochemistry. The specificity o f food plants
for insects. Proc. XIV Intern. Congr. Zoology Copenhagen, 5.-12. August
1953.383-387.
111. G. Fraenkel and J. Leclercq. 1956. Nouvelles recherches sur les besoins nutritífs de
la larve du Tenebrio molitor. Arch. Internat. de Physiologie et de Biochimie
64:601-622.
112. K. Bloch. R.G. Langdon, A J. Clark and G. Fraenkel. 1956. Imparied steroid bio
genesis in insect larvae. Biochim. Biophys. Acta 27:176.
113. S. Friedman, A.B. Galun and G. Fraenkel. 1957. Isolation and physiological action
of (+) carnitine. Arch. Biochem. Biophys. 66:10-15.
114. G. Fraenkel. 1957. Zinc and another inorganic growth factor required by Tenebrio
molitor. Feder. Proc. 76:386.
115. T. Ito and G. Fraenkel. 1957. 7 -Butyrobetaine as á specific antagonist for carnitine
in the development of the early chick embryo. I. gen. Physiol. 47:279-288.
116. G. Fraenkel and S. Friedman. 1957. Carnitine. Vitamins and Hormones. 75:
73-118.
117. R. Galun and G. Fraenkel. 1957. Physiological effects of carbohydrates in the
nutrition of a mosquito, Aedes aegypti and two flies, Sarcophaga bullata and
Musca domestica. J. Cell, and Comp. Physiol. 5 0 :1-23.
118. V.J. Brookes and G. Fraenkel. 1958. The nutrition o f the larva of the housefly
Musca domestica. Physipl. Zool. 57:208-223.
119. G. Fraenkel. 1958. The effect o f zinc and potassium in the nutrition o f Tenebrio
molitor, with observations on the expression of a carnitine deficiency. J.
Nutrition 64:361-395.
120. G. Fraenkel. 1959. A historical and comparative survey of the dietary require
ments of insects. Ann. New York Acad. Sci. 77:267-274.
121. G. Fraenkel. 1959. The raison d’etre of secondary plant substances. Science
729:1466-1470.
122. G. Fraenkel. 1959. The chemistry of host specificity of phytophagous insects.
Fourth Internat. Congr. of Biochem. vol. XII. Biochemistry of insects.
Pergamon Press, London. 1-14.

\
165

123.
124.

125.

126.

127.
128.

129.

c T. Ito, Y. Horie and G. Fraenkel. 1959. Feeding on cabbage and cherry leaves by
maxillectomized silkworm larvae. J. sericult. Science of Japan 25.107-113.
R.T. Yamamoto and G. Fraenkel. 1959. Common attractant for the tobacco hornworm, Protoparce sexta (Johann.) and the Colorado potato beetle, Leptinotarsa decemlineata (Say). Nature 184:206-201.
R.T. Yamamoto and G. Fraenkel. 1960. The specificity o f the tobacco hornworm
Protoparce sexta (Johann.) to solanaceous plants. Ann. Ent. Soc. Amer.
55:503-507.
R.T. Yamamoto and G. Fraenkel. 1960. The isolation and assay o f the principal
gustatory attractant for the tobacco hornworm, Protoparce sexta Johann,
from solanaceous plants. Ann. Ent. Soc. Amer. 55:499-503.
R.T. Yamamoto and G. Fraenkel. 1960. The suitability o f tobaccos for the growth
o f the cigarette beetle, Lasioderma serricorne Fab. J. Econ. Ent. 55:381-384.
G. Fraenkel. 1960. Lethal high temperatures for three marine invertebrates,
Limulus polyphemus, Littorina littorea, and Pagurus longicarpus. Oikos
77:171-182.
S. Friedman, J.E. McFarlane, P.K. Bhattacharryya and G. Fraenkel. 1960. ( - ) —
Carnitine chloride. Biochemical preparations, vol. 7, 26-30. John Wiley,
New York.

130. G. Fraenkel. 1961. An aberrant case of negative phototaxis in a marine isopod,
Euridice spec. Physiol. Zool. 34:228-232.
131. G. Fraenkel. 1961. Resistance to high temperatures in a Mediterranean snail,
Littorina littorea. Ecology 42:604-606.
132. G. Fraenkel. 1961. Quelques observations sur le comportement de Convoluta
roscoffensis. Cahiers de Biologie Marine 2:155-160.
133. G.P. Waldbauer and G. Fraenkel. 1961. Feeding on normally rejected plants by
m axillectom ized larvae o f the tobacco hornworm, Protoparce sexta
(Lepidoptera, Sphingidae). Ann. Ent. Soc. Amer. 54:477-485.
134. G. Fraenkel and D.L. Gunn. 1961. The Orientation of Animals. Kineses, Taxes and
Compass recations. 376 pp. New York. Dover Publications, Inc. (expanded
version of the first edition published by the Oxford University Press in 1940).
135. R. Galun and G. Fraenkel. 1961. The effect o f low atmospheric pressure on adult
Aedes aegypti and on housefly pupae. J. Insect Physiol. 7:161-176.
136. G. Fraenkel. 1961. The physiology o f insect nutrition. Symposia genetica et biologica italica. Vol. IX. Atti del Simposio Intemazionale de Biologi Sperimentale. Celebrazione Spallanzaniana. Reggio Emilia-Pavia 2-7 Maggio 1959.
9 pp.
137. G. Fraenkel. 1961. Die biologische Funktion der sekundären Pflanzenstoffe im
allgemeinen und solcher Stoffe in Solanazeen im besonderen. In Chemie und
Biochemie der Solanum-Alkoloide. Tagungsberichte Nr. 27. Intern. Symp. d.
Deutsch. Akad. d. Landw. Berlin 1959. 297-307.
138. R.T. Yamamoto and G. Fraenkel. 1962. The physiological basis for the selection
of plants for egg-laying in the tobacco hornworm, Protoparce sexta
(Johann.). XI. Internat. Congr. Entomology Vienna 1960. Verhandlungen,
Bd. III. 127-133.

/

166

139. G. Fraenkel, J. Nayar, 0 . Nalbandov and R.T. Yamamoto. 1962. Further investiga
tions into the chemical basis of the insect-host plant relationship. XI. Intern.
Congr. Entomology, Vienna. 1960. Verhandlungen, Bd. III. 122-126.
140. G. Fraenkel. 1962. Tanning of the adult fly: a new hormone action. Amer.
Zoologist 2:524.
141. J.K. Nayar and G. Fraenkel. 1962. The chemical basis of host plant selection in
the silkworm, Bombyx morí. J. Insect Physiol. 5:505-525.
142. G. Fraenkel and C. Hsiao. 1962. Hormonal and nervous control o f tanning in the
fly. Science 138:27-29.
143. J.K. Nayar and G. Fraenkel. 1963. The chemical basis of host selection in the
Catalpa Sphinx, Ceratomia catalpae (Lepidoptera, Sphingidae). Ann. Ent.
Soc. Amer. 56:119-122.
144. J.K. Nayar and G. Fraenkel. 1963. The chemical basis of host selection in the
Mexican bean beetle, Epilachna varívestis (Coleóptera, Coccinellidea). Ann.
Ent. Soc. Amer.56:174-178.
145. J.K. Nayar and G. Fraenkel. 1963. Practical methods of year-round laboratory
rearing of the silkworm Bombyx morí (L.) (Lepidoptera, Bombycidae.) Ann.
Ent. Soc. Amer. 5 6 :122-123.
146. G. Fraenkel and C. Hsiao. 1963. Tanning in the adult fly. A new function of
neurosecretion in the brain. Science 747:1057-1058.
147. O. Nalbandov, R.T. Yamamoto and G. Fraenkel. 1964. Insecticides from plants.
Nicandrenone, a new compound with insecticidal properties, isolated from
Nicandro physalodes. Agrie. Food Chem. 72:55-59.
148. C.F. Soo Hoo and G. Fraenkel. 1964. The resistance of ferns to the feeding of
Prodenia eridania larvae. Ann. Ent. Soc. Amer. 57:788-790.
149. C.F. Soo Hoo and G. Fraenkel. 1964. A simplified laboratory method for rearing
the southern armyworm, Prodenia eridania, for feeding experiments. Ann.
Ent. Soc. Amer. 57:798-799.
150. G. Fraenkel and C. Hsiao. 1965. Bursicon, a hormone which mediates tanning of
the cuticle in the adult fly and other insects. J. Insect Physiol. 77:513-556.
151. R..T. Hamby and G. Fraenkel. 1965. Effects of high temperatures on the prosobranch snail, Littorina littorea. Biol. Bull. 729:406-407.
152. G. Fraenkel, C. Hsiao and I.M. Seligman. 1965. The proteinaceous nature of an
insect hormone, bursicon. Amer. Zool. 5:674.
153. G. Fraenkel. 1956. A brief survey of the recognition of carnitine as a substance of
physiological importance. In: Recent research on carnitine. Its relation to
lipid metabolism, ed. G. Wolf. The M.I.T. Press, Cambridge Mass. 220 pp.
1-3.
154. G. Fraenkel, C. Hsiao and I.M. Seligman. 1966. Properties of bursicon, an insect
hormone that controls cuticular tanning. Science 757:91-93.
155. R.D. Pausch and G. Fraenkel. 1966. The nutrition of the larva of the oriental rat
flea Xenopsylla cheopis (Rothschild). Physiol. Zool. 59:202-222.
156. C. Hsiao and G. Fraenkel. 1966. Neurosecretory cells in the central nervous system
of the adult blowfly Phormia regina Meigen (Díptera, Calliphoridae). J.
Morph. 779:21-38.
157. C.F. Soo Hoo and G. Fraenkel. 1966. The selection of food plants in a polyphagous insect, Prodenia eridania (Cramer). J. Insect Physiol. 72:693-709.

\
167

158. C.F. Soo Hoo and G. Fraenkel. 1966. The consumption, digestion and utilization
o f food plants by a polyphagous insect, Prodenia eridania (Cramer). J. Insect
Physiol. 72:711-730.
159. T. Ito, and G. Fraenkel. 1966. The effect of nitrogen starvation on Tenebrio
molitor L. J. Insect Physiol. 72:803-817.
160. G. Fraenkel. 1966. The heat resistance of intertidal snails at Shirahama, Wakayama-ken, Japan. Publ. Seto Mar. Biol. Lab.74:185-195.
161. G. Fraenkel and C. Hsiao. 1966. Pupal diapause in Sarcophaga falculata (Diptera).
Amer. Zool. 6:576-577.
162. G. Fraenkel and C. Hsiao. 1967. Calcification, tanning, and the role of ecdyson in
the formation of the puparium of the facefly, Musca autumnalis. J. Insect
Physiol. 72:1387-1394.
163. G. Fraenkel and C. Hsiao. 1968. Manifestations of a pupal diapause in two
species of flies, Sarcophaga argyrostoma and S. bullata. J. Insect Physiol.
74:689-705.
164. G. Fraenkel and C. Hsiao. 1968. Morphological and endocrinological aspects of
pupal diapause in a fleshfly, Sarcophaga argyrostoma. J. Insect Physiol.
74:707-718.
165. G. Fraenkel. 1968. The heat resistance of intertidal snails at Bimini, Bahamas;
Ocean Springs, Mississippi; and Woods Hole, Massachusetts. Physiol. Zool.
47:1-13.
166. T.H. Hsiao and G. Fraenkel. 1968. The influence of nutrient chemicals on the
feeding behavior of the Colorado potato beetle, Leptinotarsa decemlineata.
(Coleoptera: Chrysomeldae). Ann. Ent. Soc. Amer. 67:44-54.
167. T.H. Hsiao and G. Fraenkel. 1968. Isolation of phagostimulatory substances from
the host plant of the Colorado potato beetle. Ann. Ent. Soc. Amer.
67:476-484.
168. T. Hsiao and G. Fraenkel. 1968. The role o f secondary plant substances in the
food specificity of the Colorado potato beetle. Ann. Ent. Soc. Amer.
67:485-493.
169. T.H. Hsiao and G. Fraenkel. 1968. Selection and specificity of the Colorado
potato beetle for solanaceous and nonsolanaceous plants. Ann. Ent. Soc.
Amer. 67:493-503.
170. W. Fogal and G. Fraenkel. 1969. Melanin in the puparium and adult integument of
the flesh-fly, Sarcophaga bullata. J. Insect Physiol. 75:1437-1447.
171. W.H. Fogal and G. Fraenkel. 1969. The role of bursicon in melanization and
endocuticle formation of the cuticle of the adult fleshfly, Sarcophaga bul
lata. J. Insect Physiol. 75:1235-1240.
172. M. Seligman, S. Friedman and G. Fraenkel. 1969. Hormonal control o f turnover of
tyrosine and tyrosine phosphate during tanning of the adult cuticle in the fly,
Sarcophaga bullata. J. Insect Physiol. 75:1085-1102.
173. M. Seligman, S. Friedman and G. Fraenkel. 1969. Bursicon mediation o f tyrosine
hydroxylation during tanning o f the adult cuticle of the fly, Sarcophaga
bullata. J. Insect Physiol. 15:553-562.
174. T.H. Hsiao and G. Fraenkel. 1969. Properties of leptinotarsin: A toxic hemolymph
protein from the Colorado potato beetle. Toxicon 7:114-130.

/

168

175. P. Berreur and G. Fraenkel. 1969. Puparium formation in flies: Contraction to
puparium induced by ecdyson.. Science 764:1182-1183.
176. J. Zdarek and G. Fraenkel. 1969. Correlated effects of ecdyson and neurosecretion
in puparium formation (pupariation) of flies. Proc. Nat. Acad. Sci.
64:565-572.
177. G. Fraenkel. 1970. Evaluation of our thoughts on secondary plant substances.
Ent. exp. & appl. 72:473-486.
178. G. Fraenkel and E. Zlotkin. 1970. Acceleration o f puparium formation in Sarcophaga argyrostoma by electrical stimulation or scorpion venom. J. Insect
Physiol. 76:1549-1554.
179. G. Fraenkel and J. Zdarek. 1970. The evaluation of the “Calliphora test” as an
assay for ecdysone. Biol. Bull. 729:138-150.
180. W.H. Fogal and G. Fraenkel. 1970. Histogenesis o f the cuticle of the adult flies,
Sarcophaga bullata and S. argyrostoma. J. Morph. 720:137-158.
181. J. Zdarek and G. Fraenkel. 1970. Overt and covert effects o f endogenous and
exogenous ecdysone in puparium formation of flies. Proc. Nat. Acad.
Sciences 67:331-337.
182. J. Zdarek and G. Fraenkel. 1971. Neurosecretory control of ecdysone release
during puparium formation of flies. Gen. Comp. Endocrin. 7 7:483-489.
183. E. Zlotkin, G. Fraenkel, F. Miranda and S. Lissitzky. 1971. The effect o f scorpion
venom on blowfly larvae — A new method for the evaluation o f scorpion
venom potency. Toxicon 9:1-8.
184. D.L. Denlinger, J.H. Willis and G, Fraenkel. 1972. Rates and cycles of oxygen
consumption during pupal diapause in Sarcophaga flesh flies. J. Insect
Physiol. 72:871-882.
185. J. Zdarek and G. Fraenkel. 1972. The mechanism o f puparium formation in
flies. J. exp. Zool. 7 79:3 15-324.
186. G. Fraenkel, J. Zdarek, and P. Sivasubramanian. 1972. Hormonal factors in the
CNS and hemolymph o f pupariating fly larvae which accelerate puparium
formation and tanning. Biol. Bull. 742:127-139.
187. £. Friedman and G. Fraenkel. 1972. Carnitine, in The Vitamins, ed. W.H. Sebrell
and R.S. Harris, vol. V. Academic Press, New York and London. 329-355.
188. D.M. DeGuire and G. Fraenkel. 1973. The meconium of Aedes aegypti (Diptera:
Culicidae). Ann. Ent. Soc. Amer. (in press).
189. G. Fraenkel and G. Bhaskaran. 1973. Pupariation and pupation in flies: termino
logy and interpretation. Ann. Ent. Soc. Amer. (in press).
190. N. Ratnasiri and G. Fraenkel. 1973. Inhibition of pupariation in Sarcophaga bul
lata. Nature, London (in press).

