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THE PHARMACOLOGY OF PYRETHRUM FLOWERS

Part I, The History and Uses of Pyrethrum Flowers,

The early history of pyrethrum flowers or insect powder is very much
confused but it is known that the people of eastern Europa were aware of
the value of pyrethrum as an insecticide more than a century ago and that
insect flowers were used still earlier in Dalmatia under the name of
wPolvere de Pulisi” (1).

The use of insect powder was exposed to western Europe by Sumttoff,
an Armenian . merchant, who while traveling through the Caucasian territory
became cognizant of the fact that insect powder was made from the flowers
of Pyrethrum rosem and Pyrethrum carneum (2), Sumtoff's son became the
first manufacturer of the powder on a commercial basis., Another report
states that Tcherkess prisoners related the formula of insect powder to
Russian military suthorities,

About 1840, Pyrethrum cinerariaefolium was produced in Dalmstia and
soon began to replace the Persian species in Europe. The origin of the
rise of this species as an insecticlide is very interesting. A Gemman
woman living in Ragusa, Dalmatia, picked a bunch of flowers for decorative
purposes, later throwing them in a corner after they had become withered,
After a short time she noticed dead 1rlsects near the flowers and believ-
ing that the insects died because of some action of the flowers, she un-

dertook the manufacture of insect powder, which was continued after her



death by a pharmacist of Ragusa (3).

Pyrethrum powder was introduced into the United States about 1860 (4)
Until 1914 practically all pyrethrum used in this country was imported
from Dalmatia but the World War closed this market and Japan was quick to
selze this opportunity to supply insect powder. Japan was able to do
this owing to the fact that pyrethrum flowers had been introduced into
that country from England in 1881, from Dalmatis in 1884 and 1885, and
from Austria in 1886,

In recent years, enormous quantities of insect powder have been im-
ported into the United States from many countries, but the quantities
from Japan are far in excess of the combined quantities from all other
countries,

The imported powder must be obtained from Chrysanthemum (Pyrethrum)
cinerariaefolium (Trev.,} Boce., Chrysanthemum (Pyrethrum) roseum Web,
and Mohr., or Chry;mthmnum Marshallii Aschers (synonym, Pyrethrum
carneun M.B.}, all of these being recognigzed as sources of insect flowers
by the Insecticide and Fungiclde Board of the United States Department of
Agriculture (5). Of the three, Pyr;thrm cinerarigefolium is the most im-
portant commercially, since very small quantities of Pyrethrum roseum
and Pyrethrum carneum are imported into the United States.

Table I supplied by the United States Department of Commerce shows
the extent to which Japan monopolizes the pyrethrum importations into this

country.



TABLE I. Imports into United States of Pyrethrum Flowers, Crude,

1923 - _1924 _1925
Pounds Value Pounds Value Pounds Value
Japan 2,514,251 §1,218,5456 3,473,634 $1,404,207 4,957,232 $ 985,944
Yugoslavis 67,296 34,857 1,187 491 224,075 35,682
Italy 389,056 142,880 322,068 138,673 1,177,514 198,303
Austria 3,280 1,628 103,939 44,807 32,881 4,603
Uni ted Kingdon =-- B 11,975 4,386 700 410
Hongkong -— - 22,400 11,200 4,928 998
Canada -— — —— -— 33,600 9,132
Netherlands  —-- - -— -—— 4,475 1,720
Total 2,973,863 $1,397,910 3,945,101 $1,603,764 6,435,405 $1,236,892
1926 192 1928 ‘
Pounds Value Pounds Value Pounds Value
Japan 8,061,209 $1,024,472 7,787,098 $1,063,756 12,024,148 $3,299,099
Yogoslavia 221,919 . 26,380 562,072 79,316 1,032,370 249,721
Italy 1,512,711 160,779 536,236 63,429 503,844 109,717
Austria -— —— - —— 112,000 30,568
Belgimm —— —— —— —— 2,202 623
France —— -— —— — 10,691 1,400
United Kingdom 786 200 1,330 322 2,414 629
Mexico e -— —— e 1,340 369
Canada 225 80 23,718 3,233 -— —_—
China 56,000 7,454 -— -— -— -—
Germany - -— 5,477 866 -— ——
Netherlands =-- -— 32,826 3,663 —_— —
Russia - -—- 44,352 5,644 -— —
Total 9,859,850 $1,219,365 8,993,109 $1,220,107 13,689,009 $3,692,126
1929 1930 1931
Pounds Value Pounds Value Pounds Value
Japan 8,814,931 $2,013,020 8,223,932 $1,281,199 3,871,842 & 452,833
Yugpslavia 68,646 22,439 44,545 6,682 1,661 167
ltaly 73,000 20,163 267,942 45,136 3656, 364 40,666
Prance 16,500 4272 ——— - 92,058 10,549
Tnited Bngdan --- — —— -— 14,784 1,370
China 20,000 3,000 ——— -— —— -——
Russia - -——— —-——- -— 61,938 4,572
Groege ——— —— -— —— 44,506 4,339
Netherlands  ~=- -—— - —— 65,803 7,239
Canada —— -— - - 3,287 378
Total 9,013,077 $2,060,884 8,536,426 $1,333,016 4,521,143 $ 522,103



1932 | 1933 1934

Pounds Value Pounds Value Pounds Value
Japan 11,061,949 $1,2306,692 9,066,040 §1,373,460 10,093,612 $1,985,603
Yugoslavia 612,966 59,910 838,256 - 94,372 298,684 47,596
Italy 412,658 41,865 446,197 62,072 113,533 17,1562
United Kingdom —=- -—- —— -— 42,369 6,340
Russia 14,164 625 3,865 3,855 38,093 1,714
Bragil — — T —— -— 4,480 1,086

Total 12,110,736 $1,309,092 10,434,569 $1,523,749 10,590,771 $2,059,492

In addition to the foregoing imports of crude pyrethrum, special
provision has been made in the import statistical records for “"Pyrethrum,
advanced in value or condition."* Entries under this description have

been as follows:

Year Pounds Yalue Year Pounds Value

1923 185,603  $81,270 1929 23,240 $ 6,524
1924 44,771 19,829 1930 31,200 6,817
1926 31,908 9,895 1931 15,770 3,066
1926 13,638 3,015 1932 25,010 3,066
1927 30,786 6,237 1933 60,747 12,147

1928 58,721 14,364 1934 160,370 36,602
At one time, pyrethrum was grown commercially in central California,
but the hand labor required for picking the flowers made costs of crop
production too high to compete with imported supplies,
In addition to insecticidal properties, it is claimed that pyrethrum

flowers also have some virtue as an anthelmintic, The earliest reports

* "Pyrethrum advanced in class," is probably pyrethrum ground to a very
fine powder,

** Japan 149,250 pounds ($36,148) and Italy 1,120 pounds {{$354).



of such use were made by Schipulinsky (6) in 1854, by Frontali (7) in
1858, and by Noodt (8) in 1858, The first suggestion in this country of
vermicidal properties was made by a physician in 1898 (9) who through an
accident to a child discovered this property of insect flowers, In more
recent years, Chevalier (10, 11), Gaudin and Carron (12}, Anglade,
Gaudin, and Arcony (13), and Perrot (14) have reported such widespread
successes with pyrethrum as an anthelmintic that several preparations
are now marketed in France and are extensively useci for this type of
medication. Gnadinger (15) in the United States reports that his suc-
cesses in this direction have not been nearly as spectacular as those

of the other investigators.

Insect flowers have also been described as useful in the ireatment A
of scabies, by Lemaire and Gaudin (16) in France and by Sweitzer and
Tedder (17) in the United States. An ointment containing 0.75 per cent
pyrethrins, representing 83 grams pyrethrum per 100 grams of product
has recently been made available to physicians in the United States for

use in the treatment of this disease,



Part II. 2he Aotive Princivles of Pyrethrum Flowers.

The middle of the nineteenth century marked the beginning of many
attempts to isolate the active principle or princinles of insect flowers.
Many conclusions appeared, such as the presence of volatile oils, san-
tonin, resins, acids, oleorasizis, and esters (18), all of which at some
time wers considered responsible for the insecticidal powers of insect
flowers, However, for various reasons, none of these conclusions have
withstood the test of time,

In 1924, Staudinger and Ruszicka (19) published a series of papers
in which were described the isolation, chemical investigation, and
attempts to synthesize two active constituents designated as pyrethrin I
and pyrethrin Ii. These two substances were reported as representing
the total asctivity of insect flowers,

It is unfortunate that the name pyrethrin was used to designate the
active constitments of insect flowera. because this name had already
been used to identify the active principle of Anaeyclus pyrethrum (20)
also known as pellitory. Anasyclus pyrethrum was official in U,S5,P. IX
and 1s used as an irritant, appa.rently having absolutely no insecticidsal
properties,

During the course of the work to be described, it was noted that
pyrethrum powder or solutions exposed to alr very quickly deteriorated.

It was also observed that roaches and flies apparently protected from
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contaot with the powder but not from vapors possibly emitted, readily
showed symptoms of pyrethrum action. This led to the belief that some
samples of pyrethrum may contaln some promortion of volatile activity.

In following this suggestion, 600 grams of insect flowers were
steam distilled and 4 liters of distillate collected in 250 c.c. frac-
tions. Some of the early fractions on injection into the ventral
lymnh sac of frogs showed toxicity. These combined distillates were
saturated with sodium chloride, extracted with petroleum ether, and.
the solvent allowed to evavorate at room temperature., The residue was
taken up in 25 c.c, aloohol and precipitated by the addition of satu-
rated sodium chloride solution, a light brown semi-~-solid mass result-
ing., This also showsed some toxlcity to frogs but was not investigated
further because of a very meager yield, Four more samples of insect
flowers wore likewise steam distilled. but the distillates showed no
toxicity to frogs and were found to exert no action on isolated rabbit
intestine., The frog and intestine test methods will be described in
detail in Part 1V of this paver.

Distillation of various alcoholic percolates and macerates was
also resorted to but in no case was any evidence obtained to substan-~

tiate the activity present in the first steam distillate,



Part III. The Site of Action of Pyrethruu Flowers,

Pyrethrum flowers were found to be toxic to both warm and cold
blooded animals, depending upon the dosage and the route of adminis-
tration employed,
| A hydro-alcoholic solution of an extract of pyrethrum flowers, when |
injected into the ventral lymph sac of a frog, produced in a very few
minutes, a very marked hyperirritability, resembling that resulting from |
the administration of strychnine. The hyperirritability soon began to
pass into a state of hypoirritability and in a short time the animal was
completely paralyzed, with death ravpidly ensuing,

If the spinal cord of the frog was destroyed before administration
“of the drug, the first symptoms of hyperirritability were not manifested.
However, if the brain was destroyed, leaving the spinal cord intact,
these symptoms were observed as in the normal frog. This evidence in-
dicated that the drug exerted its action on the spinal cord,

An olive oil solution of an active extract injected subcutaneously
into white rats produced effects analagous to those observed in the frog.

A typical protocol follows:

3:55 - olive oil suspension representing 12 mgm, pyrethrum
flowers per gram rat administered subcutaneously.

4:00 - symptoms of distress.
4:05
4:15

increased reflex excitability
animal in definite clonlc convulsive state,

4:40 - clonic convulsions ceased and paralysis developed.



4:45 - respiration ceased.

4:47 -~ cardiac stoppage.

Cats after having been fed ingsect flowers mixed with food,? over
long periods of time, showed no toxic symptoxhs and appeared nomal in
all respects. However, pyrethrum solutions administered to cats, intra-
venously or intraperitoncally, quickly produced death, especially by the
intravenous route,

A chronolegical order of symptoms produced by intraperitoneal in-
jection is as follows:

10:43 - olive 0il suspension of active pyrethrum extract repre-
senting 4 grams of the flowers per kgm. cat administered
intraperitoneally,

10:48 - visible signs of discomfort.

12:00 - abnormal movement of hind legs in locomotion and hyper-
active response to mechanical stimuli in. these limbs,

1:00 ~ hind legs be;soming hypoactive and forelegs hyperactive,

2:30 - both fore and hind legs non-responsive to mechanical
stimuli, fast and labored respiration, no readily dem-
onstrable signs of cerebrgl depression, corneal reflex
apparently still nomal.

3:00 ~ signs of cerebral depression - corneal reflex decreased,

4:12 = respiratory failure.

- 4:15 ~ cessation of heart beat.



The symptoms produced in the
foregoing experiments strongly
indicated that insect flowers pro-
duce an ascending paralysis of the
spinal cord preceded by a transi-
tory stimulation.

Experimentation with a view of
detezmining action on the autonomic,
nervous system was conducted but
significant effects were not appar-
ent from reasonable doses. In Fig.

1 it can be seen that large intra-
venous doses of pyrethrum flowers
produced no change in blood pressure
and due to this fact it appears that
the drug has no action on the auto-
nomic nervous system supplying circu-
lation since any significant effect
at all would have shown an alteration
in blood pressure. Three such exper-

iments were performed.

Fig. 1 - Effeot of pyrethrum Flow-
ers on Carotid Blood Pressure.

10



1l

PROOF OF SITE OF ACTION OF PYRETHRUM FLOWERS

The first experiments to prove the eite of action of insect flowers
were concerned with its effects on the gastrocnemius muscle and sciatic
norve of the frog.

AFPPARATUS

The apparatus gonsisted of a Harvard inductorium, platinum electrodes
to stimlate the muscle, non-polariszable boot-electrodes for stimulation
of the nerve, a moist chamber, and a dry cell of 1.23 wvolts and 0,08
amperes as g source of current, )

| PROCEDURR

One leg of a spinal frog, excepting the sciatic nerve was ligated
as high up as possible and amputated just below the ligature. A muscle
nerve preparation was made snd the minimal stimulus which elicited re-
sponse of the muscle was determined by stimulation of the nerve with the
boot electrodes, Likewise by use of the platinum elestrodes, the minimal
stimalus causing response in the muscle was determined by direct stimmla-~
tion. The results were recorded as the number of centimeters the sec-
ondary was removed from the primary_coil and also the number of degrees
the secondary was rotated from the iso~axial plane of the primary coil,

A sample of pyrethrum, in hydro-alcoholic solution containing 10%
aleohol, of which 0;0002 grams per gram of frog was predetermined to pro-
duce paralysis in 25 to 35 minutes, was injected in the same dosage into
the ventral lymph sac of the frog. After 45 minutes the remaining leg

was amputated and the tests for minimal stimull were conducted as for the



12

first leg.
Another group of frogs was used as controls. The same recordings

were made as for the experimental frogs,

TABLE 1I. Results of Drug Action on Nerve and Muscle

No. GM. Sex Before Drug After Drug

WT. Leg Nerve Muscle Leg Nerve Muscle
1 19 M, Left 10 cm, 45° 8 cm, 40° Right 10 am, 55° 10 em, 0°
2 16 F., Left 11 cm. 40° 7,8 am. 09 Right 11 om, 40° 7,6 om. 0°
3 13 PF. Left 9 eom. 20° 7 em. 0° Right 9 om., 30° 7 cm, 0°
4 19 M. Right 10 om. 0° 8 cm., 25° Left 9 cm. 20° 8 cm. 25°
5 15 M, Right 11 em, 35° 7.2 cm, 0° Left 11 cm, 35° 7,1 em, 0°
6 18 M, Right 10 cm, 20° 7.6 om., 0° Left 12 cm. 55° 7.8 cm, 0°

CONTROLS WITH 100 ALCOHOL
7 18 P, Left 12 cm. 60° 7.5 om. 0° Right 12 om. 30° 7 cm. 0°
8 17 M, Left 12 cm, 40° 8 om. 10° Right 12 em. 40° 10 em, 10°
9 20 M. Right 13 om. 35° 8,2 cm, 20° Left 12 cm, 35° 7.9 cm. 0°
10 17 M. Right 11 cm 55° 7,5 cm, 0° Left 11 em. 55° 8.4 cm, 0°
11 17 P. Right 10 em. 55° 7,7 cm, 0° Left 12 om. 30° 8,4 cm, 0O

On examination of Table 11, it is seen that small differences in in-
tensity of stimulus necessary to elicit response in the nerve and muscle
before and after ‘the drug are sometimes present., However, comparable dife
foerences are also found in the controls and thus, it is readily seen that
the drug exerts no action on the muscle or the motor nerve,

For further studies, spinal frogs weére again used, but here, the

spinal cord and sciatic nerve were observed for effects produced by the



APPARATUS
The same inductorium and source of current were employed as above,
but fine copper wire electrodes were used to stimulate the spinal cord

and platinum electrodes were used to stimulate the sciatic nerve,

PROCEDURE
The spinal cord, above the junction of the sciatic nerve (5th lum-
bar vertebra), and the sciatic nerve of one leg were exposed. The
threshold stimulus was determined for each and the drug administered as
in the previous experiments., Then at various intervals, recordings of
the threshold stimuli were made. Here also, control frogs injected with
10% alcohol were tested and the results compared to those obtained from

the frogs exposed to the drug.

13



TABLE III, Results of Drug Action on Cord and Nerve

Gm, Before Drug After Drug _

No. Wt. Sex Cord Nerve Time Cord Nerve
1 21 M, 8,4cm 15° 10.3 an. BO° 31 min, 6.2 om, 0° 10,3 cm. 5&°

2 16 M, S8,4cm 10° 1l om, 55° 28 " 7.1 am, 0° 11 cm, 40°

3 a1 F. 9 em, 0° 9 om. 30° 20 " 7.0 em, 0° 9 cm, 36°

a6 " 2,0 cm, 0° 9 em. 30°

4 285 F. 9acm 0° 9 em, 40° 28 * 6,3 cm. 0° 9 cm, 30°

54 * B,5em. 0° 9 em. 50°

5 24 M., 9 cm, 20° 9 om, 15° 40 " 6,8 cm, 0° 9 em, 40°
6 25 M, 5.8 cm, O° 8.,5cm 26° 30 " 4,6 cm, O° 8,5 cm. 30°
62 " 2.2 em., 0° 8.5 cm, 35°

7 28 M, 4,1 cm, 0° 9 cm, 109 46 ™ 2,3 cm, 0° 9 om, 60°

8 22 P, 8,5 cm, 15° 9 cm, 48° 41 " 6,3 0m, 0° 9 em, 55°
9 19 F. 7.0 cm, O° 8,4 cm 3° 60 " 5,3 cm. 0° 8,4 cm., 40°

1022 P, 9.4 cm 0° 10 cm, 35° 45 * 8,2 om 0° 10 om., 40°

66 ™ 6,4 cm 0O° 10 an, 40°

CONTROLS WITH 106 ALCOHOL

1 20 M, 7.3cm 60° 10,8 cm 25° 30 min, 7.2 ecm. 0° 10,9 cm., 30°
2 26 M. 7,0 cm 0° 8.2cm 0° 3 " 7,0 om O° 8.2 cm 0°
90 " 7.2 cm, 0° 8.3 cm, 45°

3 27 F. 7.3 an, 0° 9cm 20° 3 " 7.2 om O° 9 om., 36°

87 " 6,8 cm, 0° 9 cm, 48°

4 25 P. 8.5 cm, 15° 10 om, 50° 38 " 8,6 cm., 50° 10 em., 55°

B6 " 8,6 em, 50° 10 cm., 40°

5 22 M. 9 cm, 30° 10 om, 20° 40 " 9 om, 0° 10 cm, 25°

76 " 9 cm, 1B6° 10 cm, 40°

6 22 P. 7.8 em, 0° 10cem 20° 3 " 7.7 em, O° 10 cm, 40°

69 " 7.7 am. 0° 10 cm 45°

Table 111 shows again that the motor nerve is not affected, but the
spinal cord is definitely depressed because the secondary coil had to be
brought closer to the primary coll of the inductorium (greater stimulus)

in order to carry the impulse down the cord and over the sclatic nerve to



elicit a respeonse of the muscle, This depression is an ascending one
 since it was observed in intact animals that the hind limbs and then the
fore limbs were paralyszed. The paralysis therefore involves the anterior
horn of the cord singe direct stimulation of the cord showed the paralysis.
Proof of the presence or absence of action on the posterior portion

of the cord was next undsrtaken,

APPARATUS
The same inductorium as above was used with two dry cells of 3,0
volts and 51 amperes, platinum electrodes being used for purposes of

stimulation.

PROCEDURE

Two frdgs were used for each experiment one being a spinal frog snd
the other a completely pithed frog, both sciatic nerves of the spinal frog
and the right’seiatic nerve of the completely pithed frog being exposed.
The left sclatic nerve of the spinal frog and the right sciatic nerve of
the completely pithed frog were contacted by means of a wire bridge and
the stlmulus was applied to the right sclatic nerve of the spinal frog.
The threshold stimulus necessary to pass ;)ver the posterior portion of
the cord of the spinal frog, down the left sclatic nerve, lnto the right
sciatic nerve of the completely pithed frog, and producing & response in
the leg, was ascertained. Thean the drug solution was injected into the
ventral lymph sac of the spinal frog and at various intervals the threshold

was again determined,

15
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Control frogs were also used here and the results compared to those

obtalined from the frogs injected with pyrethrum flowers,

wore recorded the same as those in Tables II and III,

The results

TABIE IV. Results of Drug Action on Posterior Horn of Spinal Cord.

No, Gm. Sex Before Drug Time After Drug
Wt. *
1 25 M, 5 an, 0° 128 min, 2,5 cm, 0°
2 29 F. 7.4 em, 0° g2 4,7 cm, 0°
3 26 F. 4,9 cm, 0° g0 " 3.7 em, 0°
4 25 F. 3.8 o, OO 115 " 0.2 cm., 0° *
5 24 M. 5.7 em 0° 69 " 4,1 om, 0°
6 24 M. 4.2 cm 0° 90 " 0.2 em., 0° *
7 25 M. 5.3 om 0° 130 " 2.0 cm, 0°
8 19 M, 7.0 cm, 0° 59 » 6.6 cm, 0°
9 24 M. 6.7 cm, 0° 96 v 2.8 cm. og
10 25 P. 6.3 cm, 0° 127 » 4,8 cm. O
CONTROL FROGS
1 20 M. 6.5 cm. 0° 130 min, 6.2 cm, og
2 25 F. 5.5 an, 0° 114 * 5.8 cm, O
3 24 F. 63 cm, 0° 72 " 6.2 cm, 0°
4 25 M, 7.1 cm., 0° 104 " 6.8 cm, 0°
5 26 M. 8.3 cm, 0° 140 v 7.9 am, 0°

Analysis of Table IV shows that depression of the posterior portion

of the spinal cord caused by drug action is far in excess of the

slight

changes occurring in the control frogs over a period of time, proving

that the sensory portion of the aspinal cord 1s depressed by the drug.

A review of g1l results thus far obtalned shows that pyrethrum flowers

* No response here, Secondary coll could not be moved closer to primary coil,
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exert no changes on the threshold for either striated muscle or motor
nerves. However, the drug does depreé both the anterior and posterior
portions of tixe cord after a tramsitory period of stimulation.‘

This does not entirely dismiss the possibility of changes in the
phases of an isotonic contraction of striated.muscle.‘ The threshold
stimulus may not be changed but nevertheless the.phases through which.a
muscle passes in an isotonic contraction may be altered, |

In determining the effects of the drug on phases of contraction of

striated muscle, both cold and warm blood.éd animals were used,

PROCEDURE

For the cold blooded animal experiments, a muscle nerve preparation
of a frog's gastrocnemius muscle was made and stimulated directly with
Platinum electrodes, recording the phases by means of a kymograph, The
muscle was irrigated with pyrethrum in frog Ringer's solution and again
the phasea of contraction were recorded and compared to the original
phases before drug action. |

In the experiments with warm bdlooded animals, anesthetized cats
were used., The proximal portion of the gastrocnemius muscle was left
intact but the distal tendons were detached and connected to a muscle lev-
er, The phases of contraction produced by direct stimulation with platie
num electrodes wore recorded and the muscle was then irrigated with
pyrethrum solution., After considerable irrigation the phases were again

recorded, the results being compared to the original,



Analyses of the phases
of contraction of the frog
2 and 3 and

muscle in Figs.

the cat muscle in Figs. 4
and 5 show no significant
changes after exposure of
the muscle to the action of
pyrethrum flowers.

A fter the effects of
the drug on striated
muscle were ascertained,
the action of pyrethrum flowers

on intestinal muscle was next

determined.

PROCEDURE.

Segments of rabbit intes-
tine from the pyloric portion
each about one centimeter long,
were bathed in 50 c.c. of
Tyrode's solution maintained
at 37.5° 0. After a suitable

control recording had been

obtained, pyrethrum solution

rfoo 5fcC.
k A

Ftoj - 43 g™ A'rlygis o lsdoric

Contraction of GastTbc-nemiu.s M. |,

Faradic BreaK 5StiTr\u. lation

Fig. 2 - Frog gastrocnemius muscle be-

fore drug action.

1 foo Sec.
il i |1 .
C Fyo" -4-3 Om Amly*is ofI soto pic
Tactiotj of (xa.strocTi*7niu.s M.

A fter 120 Min. Irri~tioT, with

Pytetti vu-nt Sol. Fdya<lic Bvea-K
I

Fig. 3 - Frog gastrocnemius muscle

after drug action.



J™oo0 Sec.

145K j.- M*k 'CKlevetoni AMsthtsia v

*fls*W ¢ C.ntrjct.'.n of Gisttocn.m.us M
Ic Bfufc Stnt)ulition.

Fig. 4 - Cat gastrocnemius muscle before drug
action.

Fig. 5 - Cat gastrocnemius muscle after drug action.



was added, and the results
noted.

Figure 6 shows that
pyrethrum produces a de-
crease in amplitude of con-
traction and a decrease in
tonus of isolated rabbit
intestine.

For further localiza-
tion of this action, the
response of the muscle to a
definite dose of I% barium
chloride solution was ob-
served, the barium solution
was replaced by new Tyrodefs
solution and pyrethrum added.
A fter an elapse of ten minutes
the original dose of barium
chloride was added and, at
two minute intervals two

larger doses of barium chlor-

ide were administered. Fig.

6 - Action of Pyrethrum
Rabbit Intestine.



Figure 7 shows that the action

of barium which is directly on the

[e}®)

nrusole is inhibited by pyrethrum,

Voo

thus indicating that pyrethrum
acts directly on intestinal mus-

culature.

w1 TIATH

u-01}1qIqu-]

/Kd A
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1198y

#1189 U-]

Fig, 7 - Pyrethrum Inhibition of
Barium on Rabbit Intestine,



Part IV. The Biological Assay of Pyrethrum Flowers.

The assay of pyrothrum flowers has been the object of much research
in recent years, numerous chemical and biological methods ha;ving been
proposed and used by various test laboratories., The best chemical meth-
ods and the fly method which appears to be the peer of the biological .
assay procedures, require either elaborate apparatus or consume very
much time., In addition, many investigators are unable to agree on the
superior suitability of any one method.

In view of these facts, Chevalier (21), and Chevalier and Ripert (22)
have suggested the use of frogs as a test object, and Perrot and Gaudin (23)
and Rigal {24) have used isolated rabbit intestine as a means of evaluate
ing pyrethrum flowers.

In this work, both of these suggestions were further investigated

and a method has been developed from each.

THE OVERNIGHT FROG METHOD OF ASSAY
farious symptoms produced by pyrethrum flowers on the frog were con-
" sidered as possible end points in determining the potency of unknown
samples of drug and it was finally concluded that overnight mortality was
the best end point. This necessitated the preparation of a mortality

curve in order to compare the relative strengths of an unknown pyrethrum

and the one that would be used as a standard.
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PREPARATION OF MORTALITY CURVE

APPARATUS
The apparatus consisted of a storage tank for the frogs with con-
stant running water at a temperature below 15° C in order to reduce the
metabolic rate of the frogs, so that feeding would not be necessary. A
large tank the temperature of which could be maintained at 20° 0¥0,8° o,
eq_izipped with individual compartments, was used for keeping the frogs
overnight after administration of the drug. The individual compartments

had no bottom and were placed on wire screens, immersed in the water to

a depth of about one centimeter,

ANIMAIS
The frogs used in the preparation of the mortality curve weighed
from 15 to 35 grams and were stored in the tank with running water be-

low 15° C, for one week before use.

PROCEDURE
Soven series of frogs, each series of one sex weighing within a
range of 5 grams, were divided into eigiﬁ groups, each group of equal num=~
ber ranging from 10 to 25 frogs depending on the number available. On dif-
ferent days, 24 hours before use, each series of frogs was removed from
the storage tank and placed in the individual compartments at 200 C-0,5°C,

Before administration of the drug, each frog was dried with a towel, the
urine expressed, and the weight recorded within one half gram. The drug
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was used as a 104 macerate in alcohol, diluted with distilled water so
that the solution contained less than 25% alcohol and so that no frog
received more than 0,02 cc per gram, The same 10% alcoholic macerate
was used in all the seven series of frogs but the dilutions were pre-
pared as needed for each group of frogs. Eight doses, ons for each
group of each series, were selected so that the lowest dose produced

no mortality and the highest dose produced 100% mortality. The frogs

of each group were injected into the ventral lymph sac with the assigned
doses and each frog was placed in its separate compartment., The follow-

ing day, the frogs were examined and the percentage mortality was re=

corded for each dose, A curve was plotted for each series of frogs, Fig.8,

PULRCENTAGE MORTALITY

Fig. 8 - Frog mortality curves.
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and all of the curves were then superimposed on a 504 point, Fig., 9.
Finally, the various percentage mortalities were averaged and a compos=-
ite curve of all the individual results was prepared, Fig. 10,

From the composite curve, d.o'se numbers for all possible percentage
mortalities, based on the use of 25 frogs, were calculated and recorded
for use in cdbtaining the potency of an unknown pyrethrum in terms of a

standard pyrethrum,

TABLE V. Dose Numbers Corresponding to Percentage Mortality.

Percent Dose Percent . Dose
Mortality Number Mortality Number
0 2,17 52 2,60
4 2.20 _56 2,70
8 2.23 60 2,76
12 2,27 64 2.80
16 2.30 68 2,85
20 2,33 72 2,91
24 . 2,37 76 2,97
28 2,41 80 3. 03
32 2,44 84 3.10
35 2,48 88 3. 17
40 2,52 92 3e 24
44 2,56 96 3,32

48 2,60 100 2,40



ASSAY PROCEDURE
APPARATUS AND ANIMALS
The apparatus and animal requirements are the same as for the prepar-

ation of the curves,

SOLUTIONS
The drug if not already ground is reduced to a No. 40, or finer,
powder. FPFive grams of both the standard and unknown powders are accu-
rately weighed and placed in separate 25 c.c. volumetric flasks, Suf-
ficient alcohol is added to each to make 25 c.c. and the solutions are
placed in the dark at 1-2° ¢ for 24 hours, with occasional agitation
after which they are ready for use, The solution is brought to room tem-

perature before use and the supernatant fluid is decanted without shaking,

ASSAY PROCEDURE

Frogs weighing between 15 and 35 grams and of one sex are used in
the assay. Fof any one determination, the frogs must all weigh within a
range of five grams, The diluted solutions for injection must not have
an alecohol content of more than 285 and if necessary, any excess alcohol
1s removed with a cu.rrent of air. Not less than 0.0l c¢.c. nor more than
0,02 ¢.ce. por gram frog may be injécted, no frog receiving a dose of less
than 0,25 c.c. The dose of both standard and unknown producing & mortal-
ity of approximately 50% is determined by injecting varying doses into

0
groups of three frogs to each dose, The frogs are kept below 16 C until
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24 hours before the assay and then removed to a 20° c_-i-O. 6° C temperature.
They are dried with a towel, urine expressed, and weighed to within 0,5
grams just prior to their use. After orientation of the 50% mortality
dose for both standard and unknown, 50 frogs of the above specifications
are selected, and 26 injected with each the standard and unlmown, ' The
following day, the mortality percentages are determined and by means of
the curve dose numbers the potency of the unimown is determined in terms
of the standard. The percentage mortalities may be from 20% to 80% but
never below or above these figures. The frogs which recover may be used
again in preliminary orientation of dosage, but never in final determin-

ations,

DISCUSSION OF A TYPICAL FROG ASSAY

From experience, it has been found that pyrethrum flowers‘ do not
have as wide a range of potency in terms of a good commercial sample,
which may be chosen for a standard, as do many other drugs. 'The potency
may vary from 0% to 1507 but never has the worker obtained a sample that
assayed above this figure, For this reason, in orienting the overnight
¥.L.D., not so wide a range of doses is necessary and one preliminary
detemmination of three frogs to each dose often suffices, especially, if
the assayist has carried out recent determinations and knows the approxi-
mate M.L.D. of the standard, If such is not the case, two preliminary

tests may be necessary. The object in view is to find the dose which

will result in a mortality as near 50% as possible,



For the sake of explanation of the preliminary assay, it 1s assumed
that from previous results, it is kmown that 0,0004 grams per gram frog,
of the standard, resulted in approximately 50% mortality. This dose can
be used for the standard in the final assay, since this figure does not
vary greatly in monthl;} perioda, For the unknown, doses are selected
which are based on 0.0004 gm. per gram frog as the 60% M.L.D. of a 100%
drug or the equivalent of the standard. The doses of the unknown are cal-
culated on the bvasis of possibilitlies of 25, 50, 76, 100, 125, and 150
per cent of the standard., The solution is properly diluted and injected
into the ventral lymph sacs of three frogs for each dose, The following -

day the results are found to be, for example, as follows:

Suspected potency Grams per gram frog Results of 3 frogs
150% 0.000266 ——
128 0.000320 —_ 4 -
100% 0. 000400 o -
55 0.000533 -+ 4 -
50% 0, 000800 + + +
254 0.001600 - + 4+

These results show that the 50% M.L.D. of the unknown lies hetween

0.000320 and 0,00040 grams drug per gram frog.

For the final assay, the average, 0,00036 grams per gram frog, is

used as the dose and 25 frogs are injected. Likewise, 2b frogs are in-
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Jected with 0,00040 grams standard per gram frog.
The following day it is found, for example, that the standard pro=-
duced 53f mortality and the unlmown produced 3&% mortality.
Consulting Table V, it is seen that
0.0004 grams (s} e 52 mortality = 2.65 dose number
0.00036 gram (X) = 36 mortality = =2.48 dose number

Thus 0,00036 grams (X) multiplied by 2,656 = 0,0004 gram (S).
2+48

0,0004 gram (S)

0,000384 gram (X)
1,0 gram (X) 1.042 gram (S)

(%)

1044 of (S)

THE BARIUM INHIBITION OR ISOLATED RABBIT INTESTINE METHOD OF ASSAY

It has been previously shown that pyrethrum flowers decresse ampli-
tude and tonus of rabbit intestine, Fig. 6, and that this action is ex-
orted directly on the muscle, Fig. 7, since the effect of barium on the
intestine is inhibited by pyrethrum, On further investigation, it was
found that this inhibition occurs quantitatively and for this reason, the

reaction has been utilized as the basis of a method of biological assay.

APPARATUS
The apparatus for this assay consisted of an isolated tissue bath

equipped with two 50 c,c. tissue chembers and a constant temperature
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control, The tissue chambers were so equipped that they could be emptied
and refilled with the tissue bathing fluld without undue exposure of the
tissue to air, The chambers were also equipped with an oxygen supply

which could be regulated as necessary for various tissues,

TISSUB
The tissue was obtained from the pyloric portion of the rabbit's

intestine, the rabbit being preferably a mature one,

SOLUTIONS
The pyrethrum solutions for this assay were prepared as for the
frog method. The barium solution consisted of a suitable strength {usu-
ally 14) solution of barium chloride in distilled water and Tyrode's

golution was used as the bathing fluid for the tissues,

ASSAY PROCEDURE
The rabbit is killed by a blow on the head and approximately 50

centimeters of the pyloric portion of the intestine are removed. The
extirpated tissue is placed in a beaker containing Tyrode's solution and
may be used immediately. The remainder of the tissue, after the first
strips are taken for use, is kept at 1-2° C. Two 1,5 - 2 centimeter por-
tions of the intestine, both of equal length, are cut and suspended in each
of the tissus champers and the upper ends are attached to suitable magni-

fying levers in order to record the results, The oxygen is adjusted as
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hecessa.ry for the two strips of tissuwe, care being taken that both re-
ceive exactly the same supply. The temperature is maintained between
37.5° C and 38° §. Tension is applied, the same to both tissues, as nec-
essary, and the tissue is allowed to relax, Then similar doses of bari-
un are added to sash cﬁmnber, usually 0.2 to 0.4 c.c. being sufficlent,
and a significant response of 2 to 4 minutes duration is recorded. A 1%
solution of barium chloride usually suffices but occassionally it is nec=
essary to use a 2 or % solution. After recording the first response,
the bathing fluid 1s removed, new fluid is introduced, and the tissues
are allowed to relax. Finally equal doses, smaller than the first, are
added to each chamber and the responses are recorded. These latter doses
enable the assayist to determine whether or not the tissues are reacting
consistantly, and also insures ageinst a maximal response, which is shown
by the second response being less than the first. If the reactions are
consistent and a submaximal response has been obtained, these responses
are accepted as controls.

The tissues are again freed of the Tyrode's solution containing the
barium, and new Tyrode's solution is introduced, Next, the unimown
pyrethrum solution is added to one chamber immediately after washing;
and one minute later, the standard _pyrethrum solution is added to the
other chamber, Usually, 0.25 c.c. to 0¢5 csce Of 2 1 to 3 dilution of
the stock solution of pyrethrum (Tyrode's solution being the diluent) is

satisfactory to inhibit the quantities of barium suggested above, Ten



minutes later, the original submaximal dose of barium is added to each
chamber containing respectively the above-mentioned pyrethrum solution.
‘After the tissues returm to the base line, two subsequent doses of bari-
um are added to each chamber. The second and the third doses are usually
twice and three times the strength of the first dose, respectively. From
the degree of inhibition produced by both the standard and unknown pyreth-
rum solutions, the potency of the unknown is determined in terms of the
standard. New strips are required for each determination, since the tis-

sues do not recover within s rea.sona.ble period of time,

A TYPICAL ASSAY BY THE BARIUM INHIBITION METHOD

Although the intestine removed from the rabbit for use in this pro-
cedure is always satisfactory for one day's use, it was possible, with
patience, to successfully use strips from the same intestine for two or
even three days. However, on the second or third day, the tissue responds
very slowly and for the saving of time it is recommended that new tissue
be used each day.

New strips are used for each d.etermiﬂation although evidence is at
hand which shows that the drug effects can be washed out and the tissues
used again, The washing and 'subsequent recovery are very prolonged, and
since an abundance of tissue 1s available for one day's work, the loss of
time in waiting for recovery is not justifiable,

In the interpretation of the results which are obtained, it is readily

seen in Fig. 11, the first determination of a typical assay, in which like
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doses of A and I were used, that I produced greater inhibition of barium

response than A, thus being more than 107§ of the potency of A.

Fig, 11. Assay of I in teims of A.

34



In Fig. 12, the dose of A was increased to 0,4 c.c. while the origin-
al dose of I was retained, and as a result it is apparent that this dose of

A is more potent than the dose of I; therefore I is less than 142$ of A.

A-07123 G~/«.C

[>>0j)SC6 Gn*-/c*c.

H'm1/- 6>Clt SE*

T-re-35

Fig. 12. Assay of I in terms of A.

Fig. 13 shows 0,25 c.c. of I to he more potent than 0.3 c.c. of A.

Therefore 1 is greater than 128$ of A.
From these results it is seen that the potency of I is between 128$

and 142% of A. For commercial purposes, any further attempts to orient
the potency are not necessary and an average of the two figures, which is
135% may he assigned to I. Further increase in the number of determina-

tions permit of somewhat greater precision.



Fig,

13.

Aasay of 1

in terms of A.
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The dilutions of the stock macerate of the drug must be prepared each
day as they lose potency rapidly after dilution. Fig. 14 in which the di-
lution of A was 24 hours old, shows I to be greater than 160$ of A, while
Fig. 15, in which a new dilution of A was used, shows I to be much less than
160$ as compared to A. Figs. 11, 12 and 13 bear out the fact that I is

much lass than 160$ of A.

A=.071Z3 «¢

1' "06666 Giryc t.

B*=|%, BiClj Sol
7-1635

1.0 O+

56* 1
Fig. 14. Assay of I in teims of A using 24 hour old
dilution of A.

Tit?* in minntej

J¥

= 1)
A)-mY/' MN

Jj l..o [=<I60%

Sl e QS
T \V/ 7-16-35

CH
I

"S.S'b* -Shi  J.OB.

Fig. 15. Assay of I in terms of A using neWdilutlon Qf #
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The percentage inhibition produced by the pyrethrum in this assay
is of great importance. If too much inhibition of barium is obtained,
the relative potencies of the two preparations cannot be ecasily deduced.
Pig. 16 shows clearly that, with the great degree of inhibition obtained,
it is not possible to assign a potency for F in terms of A. The pyreth-
rum dosage must be so seclected as to provide a definite barium response

at the end of the ten-minute period.

Tim< mminutts

>~
~

ji  A=*07123 Gc-m./c-c.
| F-06666G™ /...
m I*% BaCU Sol

Fig. 16. Assay of F in terms of A.



The advisability
of using more than one
dose of barium, following
the ten minute elapse of
time for the production
of pyrethrum paralysis,
is demonstrated in Pig.
17. The first addition
of barium shows 0.35 cc.
D to be approximately as
strong or possibly slight-
ly weaker than 0.25 cc.
A, but the two subsequent
doses remove any trace of
doubt, showing D to be
definitely less potent
than A.

This method of assay
is accurate, without diff-
culty, within plus or minus

10$. On various occassions

the write obtained an ac-

Pig.

curacy within plus or minus

17.

Assay of D in terms of A
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5,”@, when assaying different dilutions of one preparation, prepared by
other members of the laboratory, the writer being totally without know-

ledge of their relative potencies,

AFPPLICATION OF THE NEW BIOASSAY METHODS

Ten commercial samples of pyrethrum flowers were obtained and iden=-
tified as A to J inclusive. Sample A, which was considered to be a good
commercial sample, was used as the standard. It was preserved in ampuls,
in the dark, at 1-2° ¢, Each ampul contained approximately five gramé,
which is the quantity indicated for use in the assay procedures,

The remaining nine samples were assayed in temrms of A by the two
new methods and in addition, by the Seil chemical method (25) and the

Peet-Grady fly method (26).



TABLE VI, Results of Assays

Sam~ Total Pyre- Pyre- Fly Potency in temms of Potency by
Ple pyre-  thrin I thrin II Kill  Total Pyre-  Pyre- Prog Intes-
thrin Content Content in 24 Pyre= thrin I +thrin I1 Meth- tine
Content hours thrins Content Content od Method
A 0.81%  0.361% 0.449% 685 ——- -— - —_— —
B 0,325  0.13%, 0,187,  4g) 40% 3%h 427 41% 2505
c 0,121% 0,062, 0.05%,  16% 15% 17% 14% 257 250
D 0.80%  0.344% 0.456% 83 99% 957 102% 86% 997,
E 0.87%  0.371% 0.499 8% 107% 103 1114 62% 13%
F 0.8%  0.365, 0.465, 88 102,  101% 104% 98% 91%
G 0.87%  0.3755 0.495,  80% 107%  104% 110% 8% 10%
H 0.765  0.350% = 0,410 6% 947 97% 91% 86% 107%
I 0.77%  0.364%  0,406%  77% 957, 1017 947, 647, 135
J 0.835 0,365 0.470% 847 1035 101% 1057 60% 1287

%
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Discussion of Results of Assays.

The results in Table VI show that the results obtained by the frog
and isolated rabbit intestine methods of assay, are not always in good
agreement with those resulting from the chemical assay.

The frog assays, while showing good agreement with the chemical
assay, involving six of the samples, show low results in the remaining
three samples,

The isolated intestine determinations show good agreement with the
chemical assays in six of the comparisons and show no great disagree-
ment in the remaining three tests,

It is significant to note that the disagreements of both of the
biological methods with the chnemical method occur in the same samples,
the frog assay showing a lower potency and the isolated intestine assay
showing a higher potency than the chemical assay.

In sdme instances, the percentage fly kill shows some agreement
witn the assay results of the other methods, but the absence of a
standard of comparison deprives the fly results of any great significance,
showing only the relative positive or negative fly killing powers of a

sample of pyrethrum flowers.

Swmmary and Conclus ions

1. Pyrethrum, by the methods so far employed,was found to contain

no volatile active constituent,
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Ze Pyrethrum flowers are toxic to both warm and cold blooded snimals
depending upon the dosage and route of administration.

3. Cold blooded animals (frog, earthworm, and insects) are much more
susceptible to the action of pyrethrum than warm blooded animals (rat,
cat, and guinea pig),

4. Skeletal muscle and the motor nerves supplying this type of
muscle are not affected by pyrethrun flowers,

5. Pyrethrum flowers produce a transitory stimulation of both the
anterior and posterior horns of the spinal cord, followed by an intense
depression,

6. The principle site of action of pyrethrum is the spinal cord,
Ths character of the action may be described as a transitory stimulation
followed by depression and paralysis of a distinetly ascending type,
ultimately reaching the medullary centers,

7. The autonomic nervous system appears not to be directly affected
by pyrethru: flowers. Any alteration in function of autonomically con-
trolled organs are slight, and are induced reflexly.

8. Rabbit intestine is depressed by pyrethrum flowers, the drug ex-
erting its action directly on the musculature,

9, Two new methods of assay, the Overnight Frog and Isolated Rabbit
Intestine methods have been developed and used for assay purposes,

10. Nine samples of pyrethrum flowers have been assayed in terms of

a refsrence stzndard, by the Seil chemical method, and Peet-Grady fly



method, and the two new biological assay methods.

(1)
(2)
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