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HOW CONTACT INSECTICIDES KILL.

[II. Relating evidence, further, of certain properties of carbon disul-
phide, gasoline, and a few other fluids, as well as temperature and some
dry powdered contact insecticides, by means of which the insecticidal
action of these agents is accomplished after their absorption into the
insect tissues, or after mere application;—also brief suggestions for
possible practice, by George D. Shafer,

INTRODUCTORY STATEMENTS.

() FORMER EVIDENCE.

In a former paper on the subject, “How Contact Insecticides Kill*,”
it has been shown that many gaseous or volatile contact insecticides
mainly become effective after being taken up by the insect tissues.
Certain color tests and actual volume measurements demonstrated that
gaseous insecticides, (such as 11,8, IICN and NI,) and the vapor of
carbon disulphide, as well as that from many volatile oils (e. g. kerosene,
gasoline, benzine, turpentine) are absorbed by the tissues of insects. Much
evidence was poinfed out which indicated that vapors of gasoline, carbon
disulphide and the like, after absorption, accomplish their effect upon
insects through some fendency their presence exeris to prevent oxygen
assimilation in the tissues.

[f the vapors of the insecticides mentioned do interfere with oxygen
assimilation, upon what do they act in the tissues to bring about that
condition?

At the time the former bulletin was written nothing had been done
upon this latter phase of the problem. It is with facts that seem to re-
late to this phase of the question that the present bulletin has to do.
Careful examination was made of the organs of treated insects and many
histological studies were made. When an insecticide, such as gasoline,
was present in abundanece, it was found that after several hours the
fatty tissues went more or less into solution. Insects were crushed and
an attempt was made to detect changes which carbon disulphide, kero-
sene, gasoline and the like might have upon the tissue-pulp. It was
rasy here also to notice the solvent action of gasoline, kerosene and carbon
disulphide upon the fats and fat-like substances in the pulp. The action
of carbon disulphide upon protein in the pulp could also be seen. The
concentrated vapor of carbon disulphide would, in time, coagulate and
whiten certain proteins. Igg-albumen readily shows this action of car-
bon disulphide vapor, after a few hours confinement with air seturated
at about 68° to 70° I. with that vapor. Studied in this way, however,
using only such amounts of the agents in question as were necessary to
kill insects, there was no visible effect on the tissue pulp which might
be held as a sufficient cause for rapid death.

*Parts I and II, Tech. Bulletin No. 11, Mich. Agr. College Exp. Station.
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As already pointed out, however, a rige in the respiratory ratio during
the time insects were dyving, afforded the strongest evidence of an inhibi-
tion of oxygen assimilation. It was decided, therefore, to determine the
respiratory exchange of fresh insect tissue pulp and to see whether this
exchange became influenced by gasoline, for example, in the same man-
ner as had already been found for insects themselves. That the pulp
does have a decided respiratory exchange, and that this is influenced by
gasoline vapor in the same manner as the latter influences the respira-
tion of insects may be seen by comparing table I-A with table V of
part I, Tech. Bull. No. 11.

TABLE I.

A.
Extract pulp of tissues i\ Treatment Temperatare Respiratory [ (;”
of Passalus cornutus. \ = s . period. O
|
| | 2.1
B G 5455 5 s o oA Gasoline. ... . . 24.20C...... ’ 16 hrs R
‘ 1.2
[ 2.8
5c.c.same sample............... Niome: s «wsss Same........ Same. .. .os.n] — = 10,82
‘ 0.9
BTG Whrarsrioranss i s AR S SOSE BB Gasoline. . ... . 24.2% Couinns 7% AYS. ..o — =2.2
| 0.4
0.5
b €. 6. ga1ne sample. . «. «uvve v s nens NORE:: 5 aws s Same........| Same........| — =0.5
| i | {538
) - ) o | N g1
Bt (O illtarsrssrtormests 1 i L IS S AT, AT Gasoline. . ... . 5. 42T s as 164 hrs. —— =2.3
1.3
1
5¢.c.samesample............... OIS v s awss Same........| Same........ et 0.8
| B
\
B.
. 0 D | co R
Extract pulp of tissues e " e s Respiratory s
of Passalus cornutus. Treatment. “ Cemperature. | period. 0.
s ——— e ——— - S RS T——. - ‘ e - - ) -
- \ ! 1 3.2
5 beetles (uninjured). .. .......... None. . «u:c.ow| 20.8C. s i (1) 1 e — = 0.71
\ 4.49
Opened and | | | 0.89
Same S beetles. ..o coviveneiwana - digestive tracts | 21°C........ | 3 [ 1 SO — = 1.1
removed. 0.8
. i w - | 6.4° i
5heetles. . ....o.ovrieeriienen.. " " | 20,40 ¢C...... 18 BT, v e s = 0.81
7.9
2.7
5 Deetles. .o 5 5s vasmee e sE v s mes = 20.8°C..«..- (701 — =0.9
| 2.9
|

Gasoline was selected for making this test because of all the volatile
insecticides employed, it permitted of the most accurate volumetric de-
terminations of its own vapor, and of the oxygen, carbon dioxide and
nitrogen present at the beginning and at the end of the test. The ap-
paratus and the method employed for making the gas determinations has
been described in Part I of the former hulletin. The insect-tissue pulp
was contained in a small, sterile, open glass stender dish which floated
on the mercury in the respiration container. The pulp, or crude tissue-

e oo o
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extracl, was prepared as follows: The insecls were thoroughly cleaned
with absolute alcohol and a cloth. In the case of Passalus cornutus, which
was mostly used, the wing-covers and wings were first removed.  Then
the digestive t(racts were carefully removed entire, and discarded. The
remainder of the tissues—Dblood, fat, muscles, nervous tissue, ete.—be-
came thoroughly “ground up™ in a mortar with a little distilled water.

It will be noticed that the respiratory ratio of the pulp or water
extract of insect tissues proved to be rather higher, often, than was the
case for healthy, uninjured beetles. A few respiration experiments were
run, using insect bodies from which the digestive tracts had Dbeen re-
moved. The ratio of earbon dioxide given off to oxygen taken up was
in this case, also, a little higher usuaily than the ratio for normal healthy
beetles. (See B, table ). Mechanical injury, through crushing without
external mutilation, or through pithing the beetles with a hot needle,
however, gave a ratio for the respiratory exchange lower than that of
healthy normal beetles. But as has already been pointed out, when air
saturated with gasoline vapor was used either with the insects them-
selves, with the tissue-pulp or with the crude water extract, it regularly
caused a decided rise in the respiratory ratio above that given by the
same ingects, tissue pulp, or erude extract. Thus it began to appear as
if whatever bodies were present in the living inseet tissues to start and
arry forward the respiratory process—these were able to maintain
themselves as “respirvatory bodies™ (with limited activity) for a time,
at least, in the insect tissue pulp and in the crude extract of the pulp,
where the effects of the insecticides in question might still be studied.

(l)) OXIDASES, CATALASES AND REDUCTASES IN ANIMALS AND PLANTS.

In the pulp and in the water extract of various tissues of many
vertebrate and other animals and in many plant tissues, workers have
described enzymes which are able not only to carry forward oxidation
processes in the pulp or extract itself, but also to initiate or accelerate
the oxidation of certain other bodies; such as gum guaiac, hiyvdroquinone,
tyrosine, ete., when these are added in solution to the extract. uch
enzymes have received the general name of oxidases. It is not the pur-
pose here to give a discussion of oxidasic enzymes, their kinds and pos-
sible functions in the living tissues in connection with other enzymes or
enzyme-like bodies; but a short statement will make clear the import
of the experiments which follow in {his connection. None of the oxidases
have been obtained in a known pure and isolated form, yet much has
been learned of their properties, and of their more or less specific action,
so that they have generally received names according to the kind of body
or bodies upon which they have been found to act—as alcoholases, alde-
hydases, phenolases, or laccase, tyrosinase, ete. Associated generally, if
not always in pulp or tissue-extract with oxidases, various workers have
found peroxidases, catalases, and reductase (or reductases). The per-
oxidases of tissue extraclts (when they clearly show themselves present)
are substances which activate peroxides—for example they cause hydro-
gen peroxide to change in such a way that its oxygen may became trans-
ferred to guaiac, causing oxidation of the latter to guaiac blue. I’erox
idases serve as activators merely; they do not cause the liberation of
free oxygen from the peroxides. Indeed an oxidase is now looked upon
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by most workers in this field as an organic peroxide, or an oxygenase
(i. e. a substance capable of quickly forming an organic peroxide by
uniting with oxygen from air) working with a peroxidase. The alpha
and beta catalases, as demonsirated by Loew, are enzymes which are
capable of breaking down IO, into molecular oxygen and water, the
oxygen coming off in bubbles. Finally, tissue pulp from plants and
from animals has been found to possess a more or less strong reducing
power. This power has been generally attributed to reducing enzymes
called reductases. Knowledge of the functions and properties of the
enzymes mentioned above is, as yet, very incomplete. Satisfactory proof
has not been obtained in some cases, and there are those who believe that
reductases and catalases are not enzymes at all.  As experiments and
observations accumulate, however, there seems to he a growing number,
among those actively engaged in investigation of the subject, who be-
lieve that in the oxidases, catalases, and reductases we have to do with
a part, at least, of the machinery which accomplishes oxidations and
respiration in the protoplasm of living cells.  Alexis Bach, for example,
has gone so far (in 1913)% in a discussion of oxidising and reducing
enzymes, as 1o express his belief in their role in the process of respira-
tion rather definitely. 180 1. Armstrong in the “Journ. of the Chem.
Soc. 104, Part I, p. 543, abstracts Bach’s conclusions as follows:

“(1) In order fo utilize the oxygen of the air to effect oxidation, the
cell produces an enzyme (an oxygenase)—a substance which is readily
oxidized, fixing molecular oxygen to form a peroxide. (2) A second
enzyme (the peroxydase) accelerates the oxidizing action of the perox-
ides, acting on them in the same way as ferrous sulphate does toward
H,0,. (3) The peroxides are readily transformed by hydrolysis into
H,0, which is also formed as a primary product during hydrolytic oxida-
tion. Owing to its rapid rate of diffusion, this accumulation of H.,O,
might damage the cell protoplasm. To guard against this, the cell pro-
duces an enzyme—catalase, which rapidly decomposes 11,0, infto water
and inert O,. Catalase thus acts as a regulator of the respiratory pro-
cess.  (4) To effect hydrolytic oxidation, an enzyme-perhydridase—is
present which accelerates both oxidation and reduction just as do the
metals of the platinum group. The reductase consists of the enzyme,
water and an oxidisable substance which fixes the oxygen derived from
the water, leaving the hydrogen free to effect reduction.”

In view of the importance which physiologists begin to attach to
oxidizing and reducing bodies in tissue extracts of animals and plants,
and because of the influence which certain of the contact insecticides
are now known to have upon the respiratory exchange of insects, it seemed
worth while to investigate these bodies in insect tissue extract and to
study the effect of gasoline, carbon disulphide, and some other contact
insecticides upon the activity of those found to be present.

(C) OXIDIZING AND REDUCING BODIES IN INSECT TISSUE PULP OR EXTRACT.

The method used in preparing insect tisue pulp for study has already
Leen described. In preparing the crude exiract the pulp was ground
up with a small amount of sterile distilled water—usually about twelve
to fifteen cubic centimeters to five or six adult specimens of Passalus

" *(Arch. Sci. phys. nat., 1913, vol. 35, 240-262).
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cornutus. Then the extract was pressed out through Swiss muslin. The
crude extract obtained in this way was whitish or creamy in appearance,
at first, due to fat and very tiny particles of tissue which came
through the muslin.  When this extract was filtered through
heavy filters under twenty to twenty-five pounds pressure, a clear or
slightly straw-colored filtrate was obtained, and (on the filter) a con-
siderable residue. When either the crude extract or the filtrate was
allowed to stand for a time, the surface in contact with the air turned
dark while the deeper parts of the fluid remained as at first for hours—
for more than a day if kept cool or treated with a little of some weak
antiseptic like chloroform, sodium fluoride solution, toluol or ether.
Whenever work with the extract extended over several hours, some such
antiseptic was used provided the nature of the experiment would permit.
If to about 1 c. c. of the crude extract a few (2 to 5) drops of a saturated
solution of aleoholic guaiac were added, the milky mixture would begin
to show a tinge of blue within one or two minutes, and would gradually
develop a beautiful deep blue coloration. When about 1 c. c. of a stand-
ard hydroquinone solution® was added to 3 c¢. c. of the extract, it slowly
began to turn reddish brown; and after several hours, the entire mixture
appeared very dark brown or perhaps almost black, giving off a decided
odor of quinone. Vernon’s alpha-naphthol paraphenylene-diamine mix-
turef was tried, and this, the crude extract rapidly oxidized to the blue
indophenol.  Finally, the extract was able to slowly oxidize tyrosine
(Merck) until after a few hours one obtained a heavy black or melanic
pigment. It was interesting to drop a small pinch of tyrosine crystals
into a little extract from P’. cornutus tissue, and then watch the black
coloration develop about it. The extract clearly possessed oxidasie prop-
erties.  Moreover, the filtrate and the washed residue left from filtering
the crude extract under pressure gave the reactions showing the presence
of oxidases. That is, oxidases soluble in water and insoluble in water
were present. Likewise two catalases, one soluble in water and going
with the filtrate, the other insoluble in water and remaining in the
washed residue, were found {o be present as first described by Loewd in
the tobacco plant, and both were very active in liberating bubbles of
oxygen from hydrogen peroxide.

Some of the fresh extract which had just darkened was confined in
the absence of oxygen, and it became rapidly changed back to the appear-
ance it had before it had darkened. If a few drops of a methylene blue
solution were added to some of the extract and then the latter were con-
fined from the oxygen of the air, the blue color became entirely reduced.
Reducing bodies, therefore, seemed to be present; and besides, the re-
duction of methylene blue took place whether it was confined with the
filtrate of the crude extract or with the washed residue. Thus, oxidases,
catalases, and reducing bodies were all found to exist in the pulp and in
the crude water extract of . cornutus in two forms, one being soluble
and the other insoluble in water. It therefore seemed desirable to make
Emmmﬁun was made up by dissolving 1.1 grams of hydroquinone in 100 c. c.
of distilled water.

m
(i. e. i— hydroquinone.)
fVernon, II. M. The Quantitative estimation of Indophenol Oxidase of Animal Tissues.

The Journal of Physiology, Vol. XLIIL., Nos. 5 and 6, pp. 402-427.
}Oscar Loew : Report No. 68 Div. of Veg. Phys. and Path., U. S. Dept. of Agr., 1901.
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a further study of these oxydasic and reducing bodies of . cornutus and
to determine the effect of some of the contact insecticides upon their
activity. How, for example, would gasoline vapor or the vapor of car-
bon disulphide affect the rate at which the crude water extract could
oxidize a solution of hydroquinone? When present in concentrated
amounts, the rate at which oxygen was absorbed by insects and by crude
insect tissue-extract was lowered by these insecticides. Would they re-
duce the rate at which the oxydases in the extract caused guaiac or hy-
drogquinone to become oxidized?

THE EFFECT OF GASOLINE AND SOME OTHER CONTACT INSECTICIDES
UPON THE OXIDASE, CATALASE, AND REDUCTASE ACTIVITY
IN EXTRACTS OF THE TISSUES OF P. CORNUTUS.

(a) EBFFECT UPON OXIDASIC ACTIVITY.

It has been pointed out that both soluble and insoluble oxidases were
found to be present in the extract of . cornutus. The insoluble oxidase
(oxydone®) remained in the mixed residue on the pressure filter after
filtering the crude extract, while the soluble form went through in the
clear or straw-colored filtrate. When the latter was treated with alco-
hol or saturated with ammonium sulphate until the proteing were thrown
down, the oxidase separated with them and could be filtered out. The
oxidasic activity of this alcoholic or ammonium sulphate precipitate
could be preserved for hours or even days, if the precipitate were kept
moist and cool; but drying, even at room temperature, almost if not
entirely destroyed the activity of the oxidase in a few hours. On the
other hand, when the washed residue containing the oxydone was moist-
ened after having been dried at room temperature for 36 hours or even
longer, it exhibited oxidasic action toward alcoholic guaiac almost un-
diminished. Moreover, in the dry condition, the oxydone was very resist-
ant to heat. It could then be kept at 907 to 1007 ', for an hour without
destroying all of its activity. When moist, as in the crude extract, how-
ever, both the oxidase and the oxydone were destroyed if kept at a boiling
heat for 10 minutes; and nearly all oxydasic activity was destroyed if a
crude extract were kept at S0 o 817 €. for 15 minutes. When kept at
687 1o 697 C. for one hour, such an extract was 5 to 6 times longer in
oxidizing alcoholic guaiae than a check kept at room temperature for
the same time. In making this comparative test with alcoholie guaiac,
the same amount of extract was used for the check as for the heated
portion, and at the end of the test period a certain number of drops of
{he guaiac solution were added to each portion. Then the time required
fo oxidize the guaiac in the treated and untreated extracts to the same
depth of blue coloration was noted. This was a method by which only
well marked differences might be compared, but by its use one could
easily see also that solutions of hydrochlorie acid, borax, sodium fluoiide,
nicotine (to-bak-ine) and ammonia all exerted a more or less harmful

*Insoluble oxydases in animal tissues are referred to as “oxydones” by Batelli, and (Mlle)
Lina Stern, Biochem. Zeitsch. 1913, 52, p. 226. Rev. in J. of Chem. Soc. vols. 103-104
pt. 1, p. 929:

The work of these investigators did not come to the notice of the author wuntil early in
1914, when this phase of his own work was nearly finished—having been begun in 1912,
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influence upon the ability of the crude extract to oxidize guaiae (exposed
to the air) when they were added in small amounts. Both the oxidase
and the oxydone were affected.  The influence of carbon disulphide, gaso-
line, and hydrocyanic acid gas were studied in the same manner. In {(he
case of carbon disulphide and gasoline, the influence of both the vapor
and the liquid of each fluid was studied—using the vapors to saturation
in air, and the liquids at the rate of three drops to 2 c. ¢. of extraci
thoroughly mixed to an emulsion.

Carbon disulphide deterred the oxidation of guaiac by the extract
greatly ;—sometimes the blue coloration did not begin to develop until
after two hours, when the extract had been treated with the concentratod
vapor or with the liquid for a few hours before testing. The influence of
carbon disulphide was most marked when the extract was rich in fal-
emulsion.

The influence of concentrated gasoline vapor on the oxidasic proper-
ties of an extract, as studied by the aid of alcoholic Quaiac, was never
very decided. However, the liquid gasoline first used appeared quite
destructive to the oxidase, but that sample of gasoline was later found
to be slightly acid in reaction; and when this acidity was rendered just
neutral, the liquid gasoline then acted scarcely more harmfully than the
concentrated vapor. In fact if either the vapor or the liguid gasoline
were used with perfectly fresh milky extract (rich in fat) it seemed to
hasten the bluing of guaiac—or to hasten the darkening of the exiract
itself on standing alone in air.

In the case of hydrocyanic acid gas, it was found that if an exiract
were tested immediately after being removed from the treatment. {he
guaiac blued very much more slowly than in the cheek. If. however, the
treated extract were allowed to stand in air for an hour or so until i
became free from the odor of hydrocyvanic acid, {he cuaiac hlued almost
as rapidly upon being added as in the c¢heck extract.

Jorax (3 grams in 100 c. ¢, distilled water) was very destruetive to
both the oxidase and the oxydone, when a little of the solution was
shaken up with the extract and allowed to stand for a few minules.

Sodium fluoride, in saturated solution, was used. I retarded {he de-
velopment of guaiac-blue when added in considerable amounts fo an
extract, but even 1 c. ¢. of the solution mixed with 1 ¢. ¢. of the extract
did not prevent the development of the blue coloration after an hour or
two.  When added in only small amounts (o a fresh extract, sodium
fluoride solution seemed {o liasten the bluing of guaiac.  Likewise chloro-
form and ether did not seem to injure the oxidasic activity of the tissue
extract toward alcoholic guaiac, except very slightly when they were
used in large amounts and (horoughly shaken up with the extract.

This study with alcoholic guaiae was instructive. hut a method was
sought which would show by colunic measurements of the oxygen taken
up just what influence carbon disulphide and gasoline (for example) had
upon the rate at which oxygen was absorbed by insect-tissue-extrac plus
some other substrate than guaiac. Hydroquinone solution was selected
as the substrate to be oxidized because it was easy {o keep a compar-
atively constant, clear, standard solution for some time, and heeause as
the oxidation fo quinone proceeded, the color of the solufion changed
progressively from a reddish to a davker and darker coloration. Thus,
a color check was afforded, upon the volume of oxygen used in the case
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of treated (with insecticide) and untreated extract samples. (See Fig.
1, Plate I.)  So many factors were involved that it was necessary to
use extreme precaution in order to be at all sure that a difference in
volume of the oxygen absorbed by hydroquinone-extract-mixture in air
and hydroquinone-extract. in gasoline-vapor-air was due alone to the
influence of gasoline vapor. It was necessary always to thoroughly mix
a fairly concentrated extract and then to remove two equally measured
samples for the experiment at as mnearly as possible the same time.
Furthermore, exactly equal measures of a standard hydroquinone solu-
tion must be added to the two samples at the same time, and then the
tests with the two equally prepared mixtures must necessarily be run
(the one in air and the other in gasoline-air) under like conditions of
temperature for the same period of time. It would not do to run the
tests for equal periods, merely. They must cover the same period as
nearly as that might be made possible. The reason for these precautions,
it not apparent here, will be noticed later in the discussion. Another
difficulty presented itself. Oxygen was absorbed rather slowly in the
tests, and so it seemed advisable to find some method of measuring
directly the entire amount of carbon dioxide that might be given off,
as well as the entire amount of oxygen taken up, rather than to depend
upon percentage estimations from samples. No method was available for
removing and accurately estimating carbon disulphide vapor from air
used in a test, and so it seemed necessary to be able to measure the oxy-
gen taken up and the carbon dioxide given off in the presence of the in-
secticide employed during the test. Finally, an apparatus was devised
which complied very well with the requirements just outlined. The es-
sential features of the apparatus are represented in Figure 1, and a brief
description follows here.

The apparatus (Fig. 1), consisted of two systems which were almost
exact duplicates, each made up of a gas-burette “a” connected with a
mercury-mug “b”; a gas-container “c”; a potash absorption flask “d”;
a mercury manometer “e¢”’; a burette “f”” (graduated to O. 1 c. c.) for the
hydroquinone solution; and a circulating pump “g”. The gas container
was of about 300 c. c. capacity, with two two-way cocks above and a
wide mouth (214 inches) beneath. The wide rubber-stopper for this con-
tainer was connected with a mercury-mug “h”, and a hooked U-tube also
passed from the stopper to connect with the hydroquinone burette b
Mercury could thus be used not only to seal the mouth of the gas-
container, but to float the stender dish up under the hooked end of the
U-tube. The gas-burette of each system was connected by tubes (with
airtight sealed joints) through the corresponding gas-container, absorp-
tion-flask, mercury manometer and circulating pump of its system, as
represented in the figure. Between the “pump-gas-container connecting
tube” and the “absorption-flask-pump connecting tube” was a cross tube
with a stopeock “St.” Fig. 1. This cock was kept closed when the pumps
were running. It was opened as soon as the pumps were stopped, and
always, before the manometers were adjusted, the circulating wheel of
each pump was given a quarter turn backward. Thus, any air that might
be compressed in a pocket was released into the upper air-chamber, leav-
ing the pockets filled with mercury. The circulating pump of each
system was actuated by belts from the same double pulley of a reducing
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gear “j”, which was run by a small motor not shown in the figure. It
was thus possible to start and stop the pumps (which were duplicates)
at the same time and to run them at the same speed. There was not
found, on the market, a small pump in which the gas to be circulated
did not come in contact with the boxing of the pulley-journal of the

T

Irig. 1. Apparatus used in determining the influence of gasoline and carboa

disulphide
upon the absorption activity for oxygen of inscct tissue-extract

plus hydroquinone solution.

(Duplicate systems) a = gas burettes; b == mercury mugs; ¢ == gas-containers; d == potash
absorption fiasks; e nmercury manometers; f = Dburettes for hydroquinone solution;
g == circulating pumps; h = mercury mugs; j = reducing gear.

pump. In these experiments, it was necessary to know that no leak or
gas exchange could take place at that point. The two circulating pumps
represented in Iig. 1 were, therefore, designed to meet the necessity.
Iach pump was filled with mercury to a certain level as shown by line
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“a-¢”, Fig. 1. The circulating wheel “w” pointed out in the same figure
was made to revolve in the mercury in the direction of the large arrow.
Bach pocket in the wheel thus carried gas from the air-chamber in the
upper part of the pump down into the mercury to the position “p”,
when the air emptied toward the center (due to its tendency to rise in
the mercury) and came out into the outlet tube “o” as shown in Tig.
IT B. The pump was therefore able to circulate air against a pressure
equal to the mercury-height “s-t7, and the confined gas in the pump
could not come in contact with the pulley journal ©j” under any cir-
cumstances, since the lowest level “s”, to which the mercury could be
brought, was higher than the pulley-journal.  As a precaution, a small

["ig. 11 mmatic projections of the working parts in gas-circulating (see
Ifi 1 ). A Nide-projection B Ildge-projection 3 a-c¢ level of 3 W
rculating wheel; p position of r pocket when it empties toward the center; p’ = air

pocket ; o= outlet tube; s hearing around the common central outlet for the air pockets
in the circulating wheel; j pulley journal.

cup was set beside each pump (when in use) just beneath the boxing
“k”. If a mercury leak should have occurred from this point, the vol-
ume of the leak could have heen known at once from the mercury caught
in the cup.  When the apparatus was set up, much trouble was experi-
enced in getting all connections sealed gas-tight. Tests were not begun
with the extract, however, until the apparatus was able to stand, for
several hours, under a pressure greater than any that might occur in
the regular experiments, without showing a measurable leak. Moreover,
fest experiments were run with samples of the same extract in air in
Loth gas-containers of the apparatus until comparatively uniform results
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were given. The working difference which might occur between the two
systems of the apparatus was about 0.2 ¢. ¢. When a test fo obtain the
influence of gasoline-vapor or carbon disulphide vapor upon the
Tydroquinone-oxidase activity of insect tissue extract was to be
run, equal samples from the same tissue-extract were placed in each
of two sterile stender dishes of 36 m. m. diameter, and the dishes were
introduced into the two gas-containers “¢.” “c.”, Fig. 1. Mercury seal
was made at the mouth of each gas-container, and the U-tubes were con-
nected with the hydroquinone burettes. Then, by nieans of the mercury-
mug and the free opening of one of the two-way cocks of one gas-con-
{ainer., as much insecticide vapor as was wanted could be introduced
from a separate stock-container of concentrated insecticide vapor.  After
that, the cocks of the gas-containers were opened {o the outside an
instant until both mercury manometers read level.  The temperature
was recorded.  Then the cocks were all properly set and the motor
started, so that in the two systems the gas or air was made to circulate
until it was uniformly mixed. The motor was stopped and started in
this way several times (pressure adjustments being made between times,
if necessary) until the manometers stood level after each short interval.
The cocks of the gas-containers were then quickly opened to the outside,
and hydroquinone solution was carefully let down from the burettes
until it reached the openings of the hooked U-tubes above the stender
dishes in the {wo containers =¢.” =¢.” A measured amount, usually 2
c. ¢. of hydroquinone solution to 5 ¢. . of the tissue extract, was meas-
ured into each extract stender dish. Test was again made to see that the
pressure manometers stood level and then both cocks of each gas-con-
tainer were closed. The temperature was again noted. The barometer
reading and the readings of the two gas-burettes were recorded. The
apparatus then stood during the desived period of the test in a room
where the temperature varied hut little—and only very slowly—and one
could be sure that hoth systems of the apparatus were at the same temper-
ature when readings of the gas-burettes were made. At the end of the
test period, the cocks at the top of the gas-containers were turned so as
to connect each container with its own system. The merceury in each gas-
hurette was quickly manipulated so as to hring the mercury manometers
level, and the readings of the two gas-burettes were taken. Then the
cocks “st7 and st were closed and the pumps were started. The gas
or air in each system was thus made to cireulate through the absorption
flasks until trial showed that the readings of the gas-burettes (after
short runs of the pumps) were constant, when the two manometers “e”
and e’ stood at zero. The reading of each gas-burette was then again
recorded. Thus there were three gas-volume readings for the system con-
taining the insecticide-treated extract and three for the check. The first
reading in cach set showed the constant volume of the gas under certain
recorded conditions of temperature and barometric pressure; the second
showed the volume after oxygen absorption (i. e. by the extract contain-
ing hydroquinone solution), before any carbon dioxide had been re-
moved; and the third reading gave the volume after the carbon dioxide
produced during the experiment period had been circulated through the
hydroxide flask and absorbed. The readings were all reduced to the

iy}
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volume which would be given at 0°C. and 760 m. m. mercury pressure so
that they might be safely compared. The second reading, then, minus
the third (in each set of reduced readings) showed the volume of carbon
dioxide produced during the period; and since no carbon dioxide was
present at the beginning, the first reading minus the third gave the
volume of oxygen that had been absorbed during the test. The volume of
oxygen absorbed in the case of the insecticide-treated “extract plus hy-
droquinone” and the volume of oxygen absorbed by the untreated “ex-
tract plus hydroquinone” could thus be compared directly; and it is
helieved that any difference must be attributed to the influence of the
insecticide present, since other conditions were kept as nearly as pos-
sible the same.

Checks tried separately had shown that gasoline and carbon disul-
phide vapors were not appreciably affected by the potassium hydroxide
solution used, and that they did not interfere with its absorption of
carbon dioxide.

The records of a fest are given here as they were kept for a regular
experiment :

~

Exp. 7. Used 5e¢. c.of an extract (made from 4 large “white grubs’ in 20 c. c. distilled water,
plus 3 drops of Toluol) in each of the two containers—right and left.

i . y N 8
~ Ran pump at intervals until readings he(::unq constant. Added 2 c. ¢. or 00 hydroquinone solu-
tion to each. Ran pumps short interval—readings were constant. 100

Started 17 Aug. 1912, 4:45 P. M.
Iinded 18 Aug. 1912, 8:00 A, M.

At start —Bar. =740 m.m.; Temp. =19.3° C.
Atend — =734 mm.; = =20.4° C.

Ext. =Left-hand system (CS:;—treated). ixt. =Right-hand system (no treatment).

o e S ; T

Gas-burette reading | Gas-burette reading
27 . 20.5 c.c.
301 [ 23.5
27.5 | 20.5

|

Readings reduced to 760 m.m. mercury pressure and 0°C:
Left-hand system (CS:—treated). .

430 c.c. =Volume of left-hand system, exclusive of gas-burette.
c.c. =Volume of gas in left-hand gas-burette.

4575 c.eo ="Total volume of left-hand system at start.
457 (740 —16.655)273

- 106.6 c.c. vol. at start (reduced)
73 4+19.3)

760(2
430.0 c.c.
30.5

406:) =Total vol. at end of test; before CO. had been absorbed.

460.5 (734 —17.826)273

—— ——— =403.7 c.c. Vol. before CO: had been absorbed (reduced).
760(273 4-20.4)

430.0
27.5

457.5 =Total vol. at end of test (after CO2 was absorbed).
457.5(734 —17.826)273
760(273 +20.4)

Then 406.6

=401.1 Vol. at end of the test (reduced).

5 c.c. Oy absorbed during test by the “‘extract plus hydroquinone” in the presence of CSy —
vapor in air.
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and 403.7
401.1

2.6 c.c. CO2 given off during test in the CS. —treated gas-container.

Right-hand System (check).
420. 0 c.c. =Vol. of right-hand system, exclusive of gas-burette (at start. )
=Vol. of right-hand system gas burette.

440.5(740 ~16.6

5)273
_ =394.7 c.c. Vol. at start (reduced).

7 60(173 + l‘) 3)

420.0 c.c.
23.5

443 .5 c.c. =Total vol. at end of test (before COz had been absorbed.)
443.5(734 —17 826)273
. =380.8 c.¢. above vol: (reduced).

760(273 +20.4)

420.0 c.c.
20.5

440.5 c.c. =Total vol. at end after CO: had been absorbed.
440.5(734 —17.826)273
760(273 +20.4)
Then 394.7

3

86.6

=386.6 c.c. above volume (reduced).

8.1 c.c. Oy absorbed during test by the check.

and 389.3
386.6

2.7 c.c. CO: given off during test by the check.

8.1 —5.5=2.6 c.c. more Oz abosrbed in case of the check (. e. not treated with CS: —vapor).

Note was kept of twenty-one experiments carried out in adjusting and
in learning to manipulate and use the apparatus to obtain trustworthy
results. It was found that the greatest care must be taken to be sure
that the two systems of the 1])1).11.1111\ were at the same temperature. A
door, opened for a short time to admit air of a different temperature
from one side of the room, could cause a variation in the volume of the

gas in the two systems which would entirely vitiate results if readings
\vele made at that time. It was discovered also that a variation in the
influence of the insecticide-vapor occurred, depending on whether the
extract were used immediately after it had been prepared, or not until
a few hours later—this seemed to be especially true when gasoline was
used. This fact served to emphasize the necessity of taking, from the
plepared extract, the sample to be treated with the insecticide and the
check sample at the same time, and of carrying out the tests with the
two during the same period—although the reason for the variation men-
tioned nbow was not appreciated mltll later in the investigation. If the
insecticide vapor in the air used in an experiment was near saturation,
then it was necessary not to allow the room temperature to fall below
that at which the experiment was started. Otherwise some of the in-
secticide-vapor would be condensed and the vapor tension of the gas-
mixture changed. Correction for change in vapor-tension of water vapor
due to a change in temperature (’.nuld be readily made, but no method
was at hand for making a similar correction in case of gasoline or carbon-
disulphide vapor when the apparatus illustrated by I‘w I was being used.
Furthermore, it was found that high concentrations of the 1nsect1c1do

ey
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vapor were necessary to show a marked influence, especially if the water
content of the exiract were high.

After the preliminary tests, written record was kept of more than
thirty experiments, including cautionary check experiments, which were
made to get the influence of gasoline and carbon disulphide vapors upon
the oxygen absorption activity of “insect extract plus hydroquinone so-
lution”.  Some of these experiments were performed during as many
as three successive periods.  In all of these tests unless otherwise stated,
the stender dish of each gas-container held 5 c. ¢. of insect tissue extract
from the same stock extract mixed with 2 c. ¢. of a standard hydroquinone
solution (1.1 grams of hydroquinone in 100 c. ¢. of distilled water.)
Representative results of these experiments are given in table I1L

The first ten results in the table relate directly to the influence of
carbon disulphide or of gasoline vapor upon the activity of “insect
tissue extract plus hydroquinone solution” for oxygen absorption.

A study of the table will show that the higher concentrations of
insecticide vapors caused a marked reduction in oxygen avidity under
that shown by the corresponding checks.  Weak concentrations of the
insecticides, on the other hand, seemed to aceelerate, very slightly, rather
than to retard oxygen absorption. One may appreciate the influence of
the insecticide, perhaps, better by comparing the total sum of the oxygen
absorptions in the insecticide chamber with the total corvesponding ab-
sorptions in the check gas-chamber.

In case of carbon disulphide vapor the ratio is 6.7 ¢. ¢. to 19.1 c. c.
In other words, only about 7/20 as much oxygen was absorbed during
the series of fests in the carbon disulphide chamber as was absorbed in
the check gas-chamber with air alone present. For gasoline-vapor the
ratio is 10.2 ¢. ¢. of oxyegen absorbed in the gasoline chamber to 13.9
¢. c. in the pure air chamber (i. e. about 7.10); and if those fests in
which the vapor was in high concenfration ave considered alone, then
harely over onec-half as much oxyeen was absorbed in the gasoline-vapor
chamber. The ratio of earbon dioxide given ofl’ to the oxyveen absorbed
by the mixture of “insect tissue-extract and hydroquinone solution™ as
expressed by the totals for the insecticide-treated samples is 0.8, and
the similar ratio as expressed by the totals for the corresponding checks
is 0.4. That is, the respiratory ratio of the *‘tissue-extract plus hydro-
quinone solution” proved to be decidedly higher in the presence of strong
gasoline o1 carbon disulphide vapors than was found to be the case in
pure air. Now, as has already been mentioned, an oxidase in the insect
tissue-extract is able, it is believed, to accelerate the oxidation of hydro-
quinone to quinone and water—the quinone showing its presence by its
odor and by a change in color of the extract-solution. If, then, an
oxidase in the extract does cause that kind of an oxidation of hydro-
quinone, it would naturally follow that an extract to which the latter
had been added might take up more oxygen in a given period than it
otherwise would, and that the added hydroquinone would therefore de-
crease the respiratory ratio ((8) of the extract. Note the ratio 0.4
above, which is much below that found forr healthy beetles in pure air
the latter ratio being about 0.75. The last three results given in Table
IT are precautionary checks on the manner in which hydroquinone is
oxidized by extract of the tissues of P. cornutus. To each of the stock




TABLE II.—INFLUENCE OF GASOLINE AND CS: VAPORS UPON THE ABSORPTION ACTIVITY FOR OXYGEN OF INSECT TISSUE-EX-
TRACT PLUS M-10 HYDROQUINONE SOLUTION.*

*(1.1 grams of hydroquinone in 100 c. c. of dist. water.)

|

Insecticide chamber,

Check gas-chamber.

H E‘épi Stock extract from:— Insecticide. Period. ‘ :
‘ O: used. ‘CO» given off. { 02 used. CO:given off.
~ | \
1. | 3 large white grubs and 20 c. c. water. CS», rather low concentration 2O RIR..0.0s 5.5¢c.¢ | 2.2¢.¢ ,1 6.4c.c. l.6ec c.
2. | 3 white grubs, 15 c. c¢. water. (1 hr. old) CSs, high concentration......... 21 BTS s 530s 512 0.3¢c:e ‘ 1.9 ¢. c. - 4.9¢.c. 2.4 ¢. c.
3. | 4 whlte grubs, 20 c. ¢. water (Ext. 5 hrs. |
................................ CS8:e, nearly saturated................| 16hrs......| 0.3 ¢c.¢c | 2.8 € cus 3.9 cs¢ l.4c.c
4. | 4 whlte grubs, 20 c. ¢. water (ext. 6 hrs.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, CSs, nearly saturated................| 243 hrs.....[ 0.6c. ¢ .| 0.5¢. ¢ 3.9 ¢.€x 0.9¢.¢
T EBVRIEG = ot 2 B Iy s 2 12§ GPENe S o) O Pam oe | con13 A  08  ash Eonk08 Bi L eRE  cost B 03 i Bl G Brawnlmsnsomamsman R T R .
5. | 1 large and 6 small white grubs, 18 c. ¢ " . ‘
WBEE ¢ s 55555 & i s 8 tomsre b3 8 A0 § 0% QRS Gasoline vapor, low concentration. . ... 1 L3141 - 1.9¢. Ciwesl 186 6:.:.] 1/86i¢ 1.8 e. &,
6. 8 Allorhina grubs, 20 c. c. water......... Gasoline vapor, high concentration. . . A 16 hrs 2.6 C: Cinuw.| 2.0 €. 4.5¢c.¢ 4.0c.c.
7. 6 Allorhina grubs, 20 c. c. water......... Gasoline vapor about 3 concentration..| 17 hrs...... 2.1c.e | 2.8¢c. ¢ 3.83¢c.¢c 2.8 ¢, ¢c.
8. | 6large Allorhina grubs, 20 c. c. water....| Gasoline vapor, low concentration. . ... 4hrs....... 1.2¢.¢ [ 0.8¢c.c 1:.1¢.%¢ 0.7 ¢€.¢.
9. | 8 Passalus cornutus, 30 c. c. water....... Gasoline treated................. og] SHITEL ¢orp s 0.6c.c s L0¢ e l.6c.c 0.4c.c.
10. | 8 Passalus cornutus, 30 c. c. water....... Gasoline treated, but no insecticide |
present during the experiment....... 16 hrs | 1.9¢c.¢....| 0.5¢c. ¢ B8e.c....] 0.6c.¢c
s T A S NI [10.2¢ccoo o, SE o T
= | Check extract — Extract plus
| no hydroquinone. hydroquinone.
Oz used. |CO:given of‘fj Oz used. |CO: given oﬁ?
11. | 5 Passalus cornutus, 20 c. c. water. ... No insecticide used | 04 e 0.9¢c.c .| 0.3¢c.c.
12. 4 Passalus cornutus, 15 c. c. water. No insecticide used . 0.4« 8. 34c.c 1.0 ¢.¢.
13. 4 Passalus cornutus, 10 c. c. water No insecticide used 0.4¢.¢. 4.4c.c | 0.9¢.c¢.
DD O A 0 4157 515 o T e s [ 0 S T 0 B D 55 S 8 G oM e e 0 (IS N, S BT Gl e |w wwsmm s

TTIIM SHAIDILOUSNI LOV.ILNOD MOH

6L



20 EXPERIMENT STATION BULLETIN.

extracts (before samples for the tests were taken) four drops of weak
ammonia (0.9 sp. gr. diluted five times) were added. This ammonia
had the effect to reduce the carbon dioxide excreted to a very small
amount.* The influence of oxidase in causing the hydroquinone to take
up oxygen in the manner described might therefore stand out promin-
ently.  The total oxygen taken up and the total carbon dioxide given
off in each case is given in the table, and although the ammonia used

COs _ 1.2 e ; o
Os :3_4) down to 0.35 in the extract containing no

hydroquinone, the value was brought down lower still ((')(fﬂsfs—f’;))i() 0.25
by the increased amount of oxygen used in the extract plus hydro-
quinone mixture. The larger value of the ratio (o(i =0.8, as found above
for the “extract plus hydroquinone” in the insecticide chamber, must
therefore point to the fact that the gasoline and carbon disulphide vapors
used were able in some unknown manner to inhibit or lessen the acceler-
ating (catalytic) action of the extract-oxydase in bringing about the
oxidation of hydroquinone. A further precaution which was observed
should be explained here. Tissue-extract was brought to a boiling tem-
perature (about 15 to 20 minutes) to destroy the oxidasic enzymes. It
was then allowed to cool and the regular amount of hydroquinone solu-
tion was added. Tests were then made using the apparatus as in other
experiments, and no measurable amount of oxygen was taken up during
longer periods than any used in the regular experiments. It has already
been explained that the hydroquinone stock solution would remain clear
for days. However, if the heated “extract plus hydroquinone mixture”
had been scarcely brought to the boiling temperature or had been heated
only a short time before it was allowed to cool, it often showed a very
slight reddish or cherry tinge after twenty-four to thirty hours—indicat-
ing that the heat had not been sufficient to destroy quite all of the
oxidasic activity. Thus, the appearance of this peculiar reddish brown
color was an even more delicate test of the oxidation of hydroquinone
than the volumetric measurement of the oxygen used, and mention has
already been made of how the reddish brown tinge deepened progressively
as hydroquinone became oxidized to quinone. It was interesting and
confirmatory, therefore, to note that in all ten of the experiments listed
in table II the deeper color was found to be in the stender dish of that
gas container where most oxygen had been taken up. One must see
that in the extracts used, a slight r