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ON CRYSTALLINE KOMBE’-STROPHANTHIN.
D. H. BRAUNS, PH. D., AND O. E. CLOSSEN, PH. B., DETROIT, MICH.

(Concluded from page 724)

The results with crystalline Kombe strgphanthin on the heart of frogs are
seen in Table III:
TABLE IIL Focke Method.

9/23/10 Crystalline Kombe strophanthin.
Dose per gm. of frog. 0.000001 gm. 0.0000015 gm. 0.000002 gm.
11 Min. 13 Min. 9 Min.
Intervals in minutes until 14 - 14 « 10 “
ventricles stopped beat- 13« 12« 11 “
ing. 16 12 10 ‘
10 " 10 " 11 4"
Average ...... Vemsssnans 13 Min, 12 Min. 10 Min.
9/27/10
Dose per gm of frog. 0.000001 gm. 0.000002 gm, 0.000004 gm.
19 Min. 16 Min. 10 Min
18 ¢ 13« 10
Intervals in minutes. 15 0 8 “
9 « 15« P
10« 10 =
AVErage ..ccooaeas IEEEE 16 Min, 13.5 Min, 9 Min.

The lack of uniformity in the above table is not surprising to anyone who has
observed the gradual and erratic cessation of the ventricle beat. The personal
factor largely enters on account of their being no sharp end point. After the
ventricle has stopped beating, a slight jar or noise will often induce muscular
movements of the frog sufficient to force blood into the ventricle, when it will
start up and beat again for some time.

We found the method very unsatisfactory and agree with Edmunds and Hale®®
when they say, “We believe that this method allows of greater variations and
inaccuracies than any other method we employed.”

If the frogs are examined at the end of one hour for complete stoppage of the
heart in systole, a more uniform result is obtained, as appears from Table IV :

TABLE 1V,
Crystalline Kombe strophanthin (fr. identified seed.)
Dose per gm. of frog. 0.0000011 gm, 0.0000012 gm. 0.0000013 gm,
Conditions of heart at 1 8 beating 6 beating 0 beating
hour. 0 stopped 1 stopped 7 stopped

We believe any physiologic method for the assay of heart tonics should have
as a basis some definite standard, e. g., Tr. Strophanthus, or better, crystalline -
strophanthin. The sharper and more definite the end point the more exactly
can physiological reactions be compared.

38Rulletin 48, Hyegienic Laboratory, p. 45.
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Protocol of the toxicity tests of November 1, 1910:

TABLE V.,
Amor. acld strophanthin from

Cry. K. strophanthin. . cry. K. strophanthin, Standard Average Tincture.

Dilution 1 in 50,000 Dilution 1 in 12,500 |I Dilution 1 in 500 ]
‘E}',g’ Dose in ‘&,‘g Dose in ‘Eig’ Dose in
3:— gEm. per TFull Bc gm. per Full 3;:; cc. per TFull
= gm. dose | . sm. _ dose gm. dose
13.5{.00000090 [ .6056 cc. I 21 .0000026 | .70 cc. .000066 .545 cc.

,0000028 | .895 cc.
.0000028 | .596 cc.
.000003 .6565 ce.
.000003 .655 cc.
.000003 .675 cc.

. 000066 .64 cc.
.000069 .60 cc.
.000069 .70 cc.
. 000072 .65 cec.
. 000072 .74 cc.

5

.0}.00000090 | .63 cc.
16.0(.00000090 | .72 cc.

0/.00000095 | .665 cc.

0/.00000095 | .665 cc.

5(.00000095 | .69 cc.

OICOPr | Result.
-
oouortr ! Result.

ugorrt | Result.
[
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In the case of warm blooded animals the toxicity cannot logically be translated
into heart action, since death is with them generally due to failure of respiration.

The toxicity for small warm blooded animals, when injected subcutaneously, is
given in Table VI:

TABLE VI,

Crystalline Kombe Amorphous acid Standard Tr. K

Animals strophanthin. Kombe strophanthin. Strophanthus.

used. Lethal dose per Lethal dose per Lethal dose per

gram of animal. gram of animal. gram of animal.
Guinea-pigs ..... . .0000004 gm., .0000010 gm. .00095 cc.
Tame mice....... .000009 gm. .000025 gm. .0006 cec.
Tame rats........ ! .00006 Em, .00005 gm. Ceeineann
Wild rats........ B .000009 gm. . 00008 gm. .0008 cc.

The guinea-pigs were invariably killed by failure of respiration and the heart
was found to be in diastole. The rats and mice generally showed a failure of
respiration before the heart action ceased, and the heart stopped in moderate
systole.

Crystalline Kombe strophanthin, in aqueous solution, is changed into an
amorphous acid strophanthin when boiled. As the toxicity of this amorphous
acid strophanthin is only one-third that of the crystalline glucoside, it seemed
important to obtain exact figures of this change.

A solution of crystalline Kombe strophanthin in pure water (1 in 2000) was
vigorously boiled over a free flame for fifteen minutes, cooled and made up to
volume. This tested against the unboiled portion showed a loss of about 15%.

A solution of gratus strophanthin (Ouabain Merck) (1-25,000) in pure water
was vigorously boiled over a free flame for fifteen minutes, cooled and made up
to volume. This tested against the unboiled portion showed about 10% loss.

As such a change is to be expected in the cold, although, of course, much more
slowly, it is important to determine the keeping qualities under different con-
ditions.

A water solution (1 in 2000) of this crystalline Kombe strophanthin was made
up and kept in a cork-stoppered flask at room temperature. At the end of two
weeks a beautiful growth of mould was present, and an assay showed it to have
lost 50 percent of its activity. :

Crystalline Kombe strophanthin and Kombe strophanthin (Merck) were then
made up (1 to 200) with water containing 4/10% Trikresol and kept at room
temperature in sealed containers; no loss appeared with the crystalline glucoside
in three months. However, the amorphous preparation of Merck showed a loss
of nearly 10 percent within the limits of error.
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It was noted that a small amount of alcohol prevented the conversion into the
amorphous acid strophanthin, and was taken advantage of in concentrating
solutions.

We also found that at room temperature 10 percent alcohol preserves the
activity of crystalline Kombe strophanthin.

The marked permanency of the tincture of Strophanthus has long been recog-
nized. It seemed desirable, therefore, to examine this crystalline glucoside from
identified Kombe seed in this respect.

Solutions of crystalline Kombe strophanthin (1 in 1000) were made up from
time to time with 70% alcohol (and 2 cc. portions sealed in glass containers)
and tested on frogs against the old solutions, with the results given in Table VII:

TABLE VII.

Permanency of crystalline Kombe strophanthin in 709% Ethyl Alcohol, kept at room tempera-
ture in sealed contalners.

Dose in
Date of Tests gm. per gm. Lived | Died

March 13 and 15, 1911...| .000,001,0
.000,001,1
.000.001,2*

.000,001,0
.000,001,1
.000,001,2*

October 28 .............. .000,000,70
November 2 ............. .000,000,75
.000,000,80
.000,000,85*

.000,000,70
.000,000,75
.000,000,80
.000,000,85*

19012 ... i .000,000,80
July 24 ....oieiniannn. .000,000,85*
.000,000,90

July 26........... .. .0, .000,000,80
.000,000,85*
.000,000,90

July 26 ................. .000,000,80
.000,000,85¢
.000,000,90

December 20 ............ .000,000,65
.000,000,70*
.000,000,75

December 20 ............ .000,000,65
.000,000,70*
.000,000,75

December 27 ............ ..000,000,60
.000,000,665
.000,000,70*

December 27 ............ .000,000,60
.000,000,65*
.000,000,70

Solutions of June 27, 1910.

Solution freshly made from crystals.

Computed from standard average
tincture.

Solution freshly made from crystals.

Solution of June 27, 1910.

Solution of Sept. 25, 1911.

Solution freshly made up.

Solution of Sept. 25, 1911.

-

Freshly made up.

Solution of June 27, 1910.

Solution of December 20, 1912.
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The results of over two years show the really remarkable permanency of such
a solution.

No systematic study of the heart action was undertaken. However, a few
typical tracings showing the action upon the blood pressure and heart of dogs are
given. Plate I shows the action of crystalline Kombe strophanthin, and II that
of its amorphous acid modification. These are not given with any view to quan-



THE JOURNAL OF THE

846

*uof}oaful 9yl I193Je Jnoy jrey-suo puw auo st uorilod pIiyl ayj pue ‘193e[ Inoy Jrey-auo s} Jupdedal 9yl Jo uojjiod puodds 9y,
‘w0330q 2yl I8 S [BUSIS pUB SPUODIS U] W} JUJ[ 5B -aanssadad poorq pl3odsd ayjy 8y Jujovi)} OIPPIN
‘9103848 8] 9H0I1S UMOJ 1183y 3} JO 9A001F uy[pawr pu®B Xxade a3yl 03 JUSWIYDBIIB IDAIIpP £q Ieaq o[ojdIuUdA ay) s 2ujovly Jaddp)
‘uofyBIidsad [BIOYIIIB pDUB BISIYISOUB 3UO]
-310[YDd Japun 8Sop ‘83 ZI1 B uo uyyjueydolls aquiol] IU[[eISAID Jo ‘SwW ¢'Q JO UOIIdBfU] SNOUIABIIUY Y3 JO IO9]d 3yl sMoys J 33eld
‘T ALVId

T N ryy Swe ST




847

AMERICAN PHARMACEUTICAL ASSOCIATION

‘uol3d3fuy ayl 133138 sanoy Jrey-

U0 pPUB OM]) §

1 Uojlxodpaiyl 9yl pue 4938l Inoy JIey-auo S| JUPBIL Y] Jo uopirod puodes oyg
‘mwoj30q 9y} 38 §] [BuS[s PUB SpUODIsS U] dw) oU|[ 98B
‘ganssaxd pool[q P1I0I8d 3y3 s Jujovll a[PPIN

‘3[0784S S| 9OJIE UMO "IdBOY 3Y) JO 940018 uvipow pus Xods oyj) 0} JUIWYOEIIE J09JIp 4q YBaq 9[oLIJusA 8y} S| 3ugouvi] J9ddf)

uo (ujyjuBydosls oqUUOI JUI[[BISAID WIOL] PIALIIP)

‘uop3BL(dsaL [B[OYIIIE DUB B[SOYISIUB OU0IBIOYD JApuUn Yd3fq "S3F 9 ®

ufyusydosis piow snoydrows Jo "Ful T JO UO[3}09fUf BNOUIABIIUL 3Y) JO 3093 33} smoys I a1v(d

‘IT ELV1d




848 THE JOURNAL OF THE

titative comparison. Blood pressure effects and changes in heart action in warm-
blooded animals give but an uncertain basis for comparing heart tonics on account
of the long duration of the action, so that a subsequent injection may show a
cumulative effect. Thus the response to a given preparation cannot be compared
with that of a standard on the same animal, and on different animals the varia-
tion is too large for practical comparison.

Tests in connection with the preparation of crystalline Kombe strophanthin
showed that strong alcohol precipitated from the tincture of Srophanthus, salts

PLATE III
Plate III shows the effect, on a 13 Kg. dog under chloretone anesthesia and artificial res-
piration, of the intravenous injection of 1.6 cc. of a solution (1 cc. of which contains 5 mg. of

portion precipitated by strong alcohol from tincture of strophanthus and which shows a tox-
icity to frogs equivalent to .26 mg. per cc. of crystalline Kombe strophanthin.

Upper tracing is ventricle beat by direct attachment to apex and median groove of the
heart. Down stroke is systole.

Middle tracing is the carotid blood pressure.
Base line, time in seconds and signal is at the bottom.

and saponin like bodies which carried down some substances very toxic to frogs
and which generally produced a fall in blood pressure and weakened heart action.
The dried precipitate killed frogs at .00002 gm. per gm., but in purifying by
reprecipitation the toxicity and depressure action becomes less and less. A typical
tracing of the effect on dogs is seen in Plate III.

The amount is so small in Strophanthus preparations that it is probably of no
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therapeutic importance, although in preparations of other drugs®® it may be of
importance. Strophanthidin is 1/10 as toxic to frogs as the cryst. Kombe
strophanthin from which it is derived, having an M. L. D. of 0.000009 gm. per
gm. of frog when the standard killed at .0000009 gm. per gm. of frog.

The intravenous injection of strophanthidin has some difficulties on account
of its slight solubility in water, but by quickly diluting a weak alcoholic solution
a sufficiently fine suspension was obtained for injection. The effect upon the
blood pressure and heart action is very similar to that of strophanthin.

DISCUSSION OF PHYSIOLOGICAL RESULTS.

In the hands of the authors, the 12-hour frog method of Houghton, Am.
Journ. Pharmacy, Oct., 1909, gave the most accurate and reliable results, and for
reasons previously stated seems the most logical one to use in standardizing the
digitalis series of heart tonics. Equally logical is the method suggested (same
reference) for giving tangible expression to the degree of activity of prepara-
tions of the series, namely, to use the M. L. D. of cryst. Kombe strophan-
thin as the basis for comparison; the ratio of the M. L. D. of each
member of the series to that of strophanthin, thus determining the activity.
Ten times this M. L. D. was chosen as the Heart Tonic Unit (see also
Am. Journ. Pharmacy, March, 1912); therefore, the activity of any prepa-
ration is the reciprocal of ten times its M. L. D. adjusted to the aver-
age for that drug, by comparison with the M. L. D. of the standard
(strophanthin). Whatever method is employed, however, it is necessary to com-
pare the activity of an unknown preparation with that of a known or standard.
This comparison can be expressed only in terms of a definite amount of the
standard, and it is the logical procedure to speak of this quantity as a heart tonic
unit (H. T. U.) What amount shall be adopted is unimportant. For our own
work we have adopted the standard heart tonic unit (H. T. U.) as 0.00001 gm.
of crystalline Kombe strophanthin as suggested above. This is ten times the
minimum lethal dose for frogs (Rana Pipiens, 10 to 30 gm.)

The marked stability of alcoholic solutions of crystalline Kombe strophanthin
is a very important point in connection with the use of this crystalline glucoside
as a standard for determining the activity of galenical preparations, not only of
strophanthus seed, but of other heart tonics. '

The comparison of the physiological and chemical properties of crystalline and
amorphous acid strophanthins shows that the molecular rearrangement brought
about by the introduction of one molecule of water has markedly altered the
physiological activity.

Other cases are known in which the addition of a molecule of water is accom-
panied by marked changes in physiological activity, as inactive ergotinin into
active ergotoxin.

In the case of the conversion of crystalline Kombe strophanthin to the
amorphous- acid strophanthin there has been the change of a lactone group into

89In the case of ergot one of the bodies thrown down with strong alcohol is beta-imidazol-

etlllylalu?ine (Histamine), which in this case is considered one of its therapeutically active
principles.

Digitalis and very many other drugs show the presence of bodies with very similar prop-
erties and they become of importance when the therapeutically active bodies have poor solu-
bility in water or weak alcohol, since infusions and such extracts may have quite different
properties from those expected of the drug.
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its acid and alcoholic portions, and accompanying this change a loss of two-
thirds its toxicity to frogs.

The character of the blood pressure changes and heart action does not appear
to be altered by the opening of one lacton ring formation, only a loss of activity
is observed. It must be remarked that the loss of activity as observed with dogs
was not as great as indicated by the toxicity tests on frogs and guinea-pigs, and
also the toxicity to rats and mice show that the relation one to three is not true
in all respects for the crystallme Kombe strophanthin and the amorphous acid
Kombe strophanthin.

RESUME.

The seeds of Strophanthus Kombe Oliv. contain two strophanthins; a crys-
talline glucosid of the formula C,,H;,0,,+3H,O and a closely related amorphous
strophanthin of apparently twice the molecular weight. By the action of water
on crystalline Kombe Strophanthin there is formed a monobasic acid strophanthin
or a mixture e. g. of a monobasic acid, a dibasic acid and the original crystalline
strophanthin. These three strophanthins, crystalline, its acid derivative and
amorphous Kombe Strophanthin, when split by dilute acids give strophanthidin
of the formula C,H,O,+H,O. This strophanthidin is identical with the
strophanthidin, described by Feist and by Heffter and Sachs.

Crystalline Kombe strophanthin contains neither a pentose nor a methyl pentose
(rhamnose). Amorphous Kombe strophanthin apparently contains a pentose.
The crystalline Kombe strophanthin prepared by Arnaud is doubtless identical
with that prepared by us, but Arnaud was at fault in considering as a hydrate, a
new chemical derivative, which we have spoken of as amorphous acid
strophanthin.

The results of Kohn and Kulisch show a marked conformity with those of
Arnaud and of our own upon amorphous acid strophanthin in everything except
the data upon strophanthidin. It seems probable that the method of cleavage and
purification accounts for the different strophanthidin,

Crystalline Kombe strophanthin apparently undergoes the following cleavage
when heated with dilute acids:

C40H56015+4H2o= C27H3807+C12H22011+CH40

Crys. K. strophanthin. strophanthidin disaccharide methyl-alcohol.

Notwithstanding the uncertainty as to the purity of amorphous substances we
have shown that a strophanthin different from crystalline Kombe strophanthin is
present in identified Kombe seed. Heffter and Sachs have shown that identified
hispidus seeds do not contain a crystalline strophanthin, but an amorphous one
which is identical or closely related to the amorphous strophanthin from Kombe.

Both crystalline Kombe strophanthin and amorphous acid strophanthin show
the typical heart tonic response, diminished rate and increased amphtude of the
heart beat, accompanied by a small rise in blood pressure.

The activity of the amorphous acid strophanthin is less than that of the
crystalline strophanthin. By the frog method of Houghton, the activity of these
strophanthins is in the ratio one to three.

It is very interesting to note that this loss of activitv is associated with the loss
of one lacton group.
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We believe this crystalline Kombe strophanthin as the definite active con-
stituent contained in Strophanthus Kombe Seed, U. S. P., should be adopted as
the standard by which the value of the various preparations of the drug should be
measured.

ResearcH LABORATORY OF PARkE, Davis & Co., DerroIT, MICH.
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DRUG PLANT CULTURE IN THE UNITED STATES.*

Within recent years considerable public interest has been manifest in the pos-
sible commercial growing of medicinal plants within the boundaries of the United
States. This public interest usually expresses itself in the form of inquiries,
verbal and in writing, directed to the U. S. Department of Agriculture, State Ex-
periment Stations, Colleges of Agriculture, and to teachers of pharmacognosy in
Colleges of Pharmacy, as to how to grow medicinal plants profitably. The more

*Reprinted from the Pacific Pharmacist.





