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THE PHARMACOLOGICAL ACTION OF TIN IW ORGANIC COMB INATION.

- By

Oliver G. Chance, M.A. M.D.
Cincinnati.
The use of tin in the various trades and industries
'uéually in the form of "tin alloys" and the use of tin and tin
“"plating compounds" in the manufacture ofvcans, etc.,, for pre-
~serving food products, has .mde the subject of tin poisoning
one of special interest. To date there has been but little
reported as to the pharmacological action of tin either in or-
‘ganic or a1n inorganic combination. It was for this reason that
we undertook a further study of tin and 1ts mode of action on
: the body.
It has been our object in this paper to:

(1) Briefly review the history of tan, its metallurgy
and its alloys.

(2) Outline the genersal bharmacological action of tin,
(3) Summarize the clinical symptoms of tin poisoning.

(4) Study the absorption, mode of actlon, and excretion of tin
(more especially tin in organic combination).

‘(5) Study of the pathological changes and cause of death as
rroduced by organic tin compounds.

(6) Comparison of the action of tin with other metals of
similaxr gfoups, more especlally lead, mercury, copper and
magnesium, as well as with other compounds.

(7) The eccnomic importance of tin poisoning.

(c) Prophylactic and curative treatment of Tln poilsoning.,
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(9) Resumé of the vharmacological action of crganic tin with
conclusions,

(10) Babliography.



2. HISTORY (Discovery, etc.)

The disccvery of tin dates back to prehistoric times,
as far back as 2500 B,C. The tin of the 01d Testament which is
a translation of the Hebrew word, "Bedhil" is probably a cépper‘
tin alloy which was known in Egypt in 1600 B.C. Ancient bronze,
which was an alloy of copper with tin, was employed by the Greeks
for coinage up to 400 B.C. when the tin was replaced by lezd.
The Phoenlclans were said to have brought tin from the Cassiterides,
and during the Roman occupation of Brltain'tln was taken from Cornish
to Italy; 1t was alsc obtained about the same time from Spain and
Portugal. The word "stannous"(Latin for tin) was found in the
writings of Pliny, but 1t appears first to have been used not for

tin but for lead and 1ts alloys. It was not until the fourth cen-

tury of our own era that 1t was first applied to tin. In the Latin
works of the.lath century which were translated by Geber some import-
ant properties of metallic’ tin are mentioned. We can see From the
breceding history that tin 1s one of the oldest known metals and it
was this metal that went to make up one of the original metsls asso-
ciated by the alchemists with Greek mythology. By the Greek alche-

mists 1t was: termed Hermes,



3. METALLURGY OF TIN.

Tin is usually found in the form of tinsitone or cass-
iterite (SnOy) but occasionally it 1is found as tan pyritesor,
which 1s an 1somorphous mixture of the sulphides of tin, zinc,
iron and copperx.

Tinstone or cassiterite contains, when pure, 78 to
807 of the metal mixed with various iron compounds. This ore is
found chiefly at Tipuani in Bolivia, in Siberia and in Guiana.
Tinstone 1s also found in Saxony, Bohemia, Spain, Portugal, France,
the United States, Chali, Peru, China, Japan, thke Malay Pen:nsula,
and the adjacent 1slands, bkanca, Java, Billiton, Sumatra, and Cari-
mon; also in New South Wales, queensland, Western Ausitalia,
Tasmania, and some parts of Africa. The greatest quantity of tin
is obtalned from Cornwall, the East Indies, Australia, and Bolivia.

Pyritescr bell-metal ore, which contains tain, zinc,
iron and copper as the sulphides is found at Huel Rock, St. Agnes,

and Cornwall;

Tan 1s also found in small quantities in epidote, colum-

bite, and tantalate, in mineral waters, and in some meteorites.
The essential reaction fcr obtaining tin from tinstone
which represents the chief industrial method of obtaining the

metal, might be wratten:

Sn0 2C Sn 2 CO
There are two general methods of carrying out this procedure,

(a) Extraction of tin in the dry way which involves

(1) Pulverization of ore.
(2) Washed to remove granite or slate.
(3) Roasted to oxidize the sulphides of Fe and Cu, and to

drive offthe arsenic.



(4) Rewashed to eliminate the sulphate oxr Cu and oxide of iron.

(5) Reduced with’'coal in a reverberatmﬁy furnace.

(6) Is remelted at a gentle heat and the pure metal flows away
from compounds of iron and arsenic.

(7) Collection of pure tin.

(p) Flectrometallurgical PIocessSes.

These progesses have been applied to the extraction of
tin from 1ts oxe and slags, but without much success. This 1s an
expensive method and from an 1niustr1al stand,oant s impractical.
The pranciple of this method 1s: A solution of the oxre
is made cozxrresponding to three to five per cent scdium s tannate
and 12 to 15 per cent commen salt. This addition of salt confers
high conductivity to the solution and enables the tin to be ob-
tained as a spongy metallic deposit when a current of 50 to 150
amperes at 2 to 5 volts 1is empléyed, with the solution at a temper-
ature of 40° C. to 500 C, |

Tin has also been refined electrolytically through the
medium of a éolution of sodium thiostannate.

Commercial tin reaches a high state of purity; 1t seldom
contains less than 997 of the metal. Although all tin has been re-
fined, the best quulaitly 15 known as refined tin. It is made from
the purest ores and submitted to a lengthened process of refining.
The ordinary quality of tin is cast ainto moulds and known as block
tin, The purity of tin may be judged by melting it and casting 11
in én ingot mold. The ingot should be smooth, bright, and rounded;
small impurities will sharpen 1its edges and cause 1t to "frost"
over on solidifying, while much impurity will give the metal a

yellow or purple tinge.



Grain tin is produced from refining {tin by heating 1t to a
temperature a little below 1ts melting-point to induce crystalliz-
ation and make 1t brittle. It 1s then broken by a hammer oxr do pped
from a height. The masses thus obtained show a columnar struc-
ture. The London Metal Exchange recognizes two classes of tin:
Class A containing not less than 99.75 per cent. and Class B. not
less than 99 per cent. of the metal; and these official brands
" include the following: Straits, Australian, Banca, Billiton, Eng-

lish, German and Chinese,



4, Alloys of Tin.

The alloys of tin may be divided ainto twr classes-
namely (1) Copper-Tin Alloys
(2) Tin Alloys not containing copper.

Tin-Copper Alloys. The properties of the copper-tin alloys--

the b ronzes--bear no definite relation to relation to thicse of

their constituent metals. While tin itself is soft and fusible,

its progressive addiition to copper produces the following changes:
Five per cent of tin yields a nearly copper-colored alloy which

is tough and strong and much harder than copper, so that 1t may be
employed for ccinage and for engraving work. Ten per cent. of tin
gives & rich, yellow alloy which is still harder, so that 1t must be
cast; and with the addition of more tin up to 20 per cent. the alloy
becomes sonorous, though somewhat brittle, but suitable for mzking
small bells. Wath further addition of tin up to 24 per cent, an
alloy is obtained out of which the largest bells are cast; 1t is de-
Cidedly brittle and has a grey fracture. When 33 per cent. of tin
1s reached the alloy is white and constitufes the speculum metal,
and is so brittle 1t may be powderedin a mortar. The brittlenesé
continues till about 65% of tin is present, after which the hardness
diminishes as pure tin is approached.

The tin copper alloys are here summarized,

Percentage of Tain. Nature of Alloy.

5 Bronze for colnage and medals (a 1little tain often
replaced by zinc), Roman nails, engineers' soft

gunmetal or "brasses,"

7 Bronze suitable for mathematical ins truments.
3=5 ‘ Bronze suitable for wheels to be cut with teeth.
8-12 Soft bronze of the ancients: 9-10 per cent. for

gunmetal; 10-12 per cent. for medium engineers "brasses".
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Percentage of Tin. Nature of Alloy.
12-14-5 Hard bronze of -the ancients, used for weapons

and tools, Now used : engineers' hard bearangs.

16 Soft musical bells.

18-20 . Clianese gongs and cymbals.

20 Small house bells; Indian gongs.

22 Large house bells,

24 . Limit for large house bells.

33 Often also a little arsenic. Speculum metal,
66 "Temper", an alloy used to harden pewter.,

Bronze is hardened by a process opposite to that employed with

steel. Instead of being suddenly cooled by plunging into water, it

1s slowly cooled to induce hardness; if suddenly cooled 1t becores
soft and malleable. This difference 1s due to the different kxinds

of crystals that are formed at dafferent temperatures. Repeated
hammering and cold working of bronze greatly increases 1its hardness.
Two compounds of copper and tin are known: CuzSn and CuySn. The exis-
tence of these compounds, however, is probably insufficient to account
for tle remarkable differences in properties between the various
alloys and their constituent metals. These alloys are probably to be
Tegarded as mixtures of one or two definite compounds with excess of
a 80lid solution of tin in copper. The electrical properties of
Copper-tin alloys have been studied by Ledoux.

Bronze-bearing metals, employed for the bearings of locomotives, is

an alloy composed of -copper 77, tin 8, lead 15 parts. The presence

of lead diminishes loss by wear and reduces local heating. The func-
tion of the tin is‘to provide a solvent medium for cépper and lead,
which do not mix well.

Phosphor-bronze is bronze containing 5 to 15 pexr cent. of tin and from

a2 trace to 1475 per cent of phosphorus, added in the form of phosphor-
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tin. The phosphorus confers greater hardness, elasticity, and
toughness upon the alloy. Manganese and silicon bronzes are al so
in vogue, but they contain little, if any, tan.

Other Tin Alloys. Tin enters into the composition of the fol-

lowing alloys, which contain 1ittle or no copper: cormon pewier,
soft solder, type metal, Britannia metal, Plate-pewter, white bear-
ing metal, and the various fusible metals. Only scft solder and
common pewter will be considered here; the other alloys contain anti-
mony or bismuth and will be discussed in Vol. XL. of this series.
Tin and lead will mix in all proportions; the alloys produced are
more fusible than eitle r separate metal, and are likewise harder
and tougher. There 1s no evidence, however, of the existence of any
compound of the two metals. The lead-tin eutectic point lies at
181° C. at 24-4 atomic per cent. Pb ( = 36.0 per cent. Pb. by weight) .
Soft solders are alloys of tin and lead in varying propor tions; they
ocecasionally contain bismuth, which lowers thelr melting poznt.h The
table on the previould page (Tomlinson), showing the composition of
soft solders, with their melting-points, 1llustrates the influence
Of adnixture upon the melting-points cf metals.

Ordinary soft plumbers' and tlnmen'slsolder 18 made of equal
parts of tin and lead; fine tinmen's solder contains 2 parts of tain
to 1 of lead. G

Common Pewter. The toughest and hardest variety of pewter contains

3 parts of tin to 1 of lead; the proportion may, however, Trise as

high as 4 of tin to 1 of lead.
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5. CLINICAL SIGNS AVD SYMPTOMS OF TIN POISONING.

We may divide tin poisoninv into:
(a) Inorganic Poisoning (chiefly)
1. Acute form
2. Chronic forn

(v) Organic Tin Poisonang (Experaimental)

The ilterature abounds in reports of cases of acute tin
poisoning as caused by the eating of foods preserved in tin cans.
There is a variance of opinion as to the amount of toxicity produced
in these cases as will be related later.

There are but three cases reported of chronic tin pois-
oning, the most interesting being the case of Dr. Salzer repor ted
in the J.A.M.A. 191s.

We have been unable to find any reference to cases of tzxrue
organic tin poisoning and for this data we w1ll have to rely on
experimental animals.

The clainical 31gﬁs and symptoms of the varlous forms of
tin poisoning follows:

ACUTE TIN POISONING.

Under this heading we include all cases of tin poisoning,
caused by the eating of foods preserved in tin. At present there 1s
a variance of opinion as to the total toxicity of tin in foods. There
are some indisputable facts in this connection which no one can deny,
and which we would like to emphasize here.

Goss has shown experimentally that soluble tin compounds
such as stannic ammonium chloride are capable of belng absorbed by a
part of the protein molecule and that this portion of the protein
molecule 1s the last to be digested (if at all) and be taken up by

the body. The relative res;@ue left after digestion 1s small depending
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on the length of time the protein molecule had been in contact
with the +in solution. This fact with the data that the gastric and

tryptic enzymes have but 1ittle action on this protein-tin complex

make 1t quite unlikely that very toxic principles are abvsorbed
i thereby; which conclusion is applicable to food canned in iin.

3 This statement has been confirmed by Schryver who submitted

5 himself to a cl;nlcal tin test. For this purpose he chose the dou-
ble tartrate of tin and sodium, taking 1 grain daily for the first
week-=2 grains daily for the second week and three grains daily

the third week, or 42 grains in all., No 1ill effects were felt at

the end of this taime and he felt (as did Lehmann) that the possibility
of tin poisoning from the consumption of tinned canned goods 1s
extremely remote. Buchanan alsoc reports from the military camys that
no epidemics of tin polsoning have occured after the consumption of
much canned (tin) goods.

Buchanan and Schryver state very definitely, however, that
there 1s danger from the eating of canned foods wlere the food has
been in contact with the tin plate (can) too long or in cases where
the proper tin plate or soldering has not been used. The symptoms
arising therefrom are from gastric irritation, oppression (lassitude),
headache, nervousness, eté., going over anto the chronic form of

tin poisoning.



Chronic Tin Poisoning.

Dr. Salzer reported a case of chronic tin poisoning in
the J.AM.A, 1918, vol. 70. Jolles reported a similar case 1in
1901. In March, 1927, a case came under our observation similar to
the one reported by Dr. Salzer. The following signs and syaptoms
as reported byDr. Salzer and as confirmed by our own observations
are typical of chronic tin poisoning--inorganic.

In two cases (one of Dr. Salzer and our own case) the cause
of the poisoning was from the patient's wearing false teeth set in
tin (Watt's metal which is two-thirds tin and one-third bismuth).
The cause in the case reportied by Dr. Tolles was the wearlng of silk

stockings impregnated with tin salts. All cases were confirmed as
being cases of true tin poisoning (chronic) by finding tin in the

patient's urine.

The symptoms, the onset of which was withan a few weeks

14

af ter starting to wear the metal, might be grouped as constitutional
and nervous. The constitutional symptoms were those of general
lassitude, weakness and a general 11l feeling, while the nervous
symptoms were those of chilliness or coldness 1n various parts of the
body, headache, sleeplessness, extreme i1rritability and general
nervousness. In Salzer's case the patient complained of indefinite
“pains in his legs, arms and head with soreness of the throat, re-
sembling tonsillitis and pharyngitis. These symptoms were accom-
panied by a slight leucocytosis and a temperature of 102, remitting
in type. In Salzer's case the symbtoms persisted for some months and
he felt that the nervous system suffered severely and possibly per-
_manéntly. In our own case 1t has now been three months since she
discontinued wearing her false teeth and she is not free of symptoms

to date. Jolles makes no reference to the persistence of symptoms.
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6. THE ABSORPTION, STORAGE AND FATF QF TIN IN THE BODY,

Previous to our exper imental work with organic tincom=-
pounds the chief work that had been done on the absorption, stor-
age, and fate of tin an the o dy was done by Salant, Rieger and
Trenthardt who had studied this matter using inorganic tin com-
pounds given intravenously. Salzer reports a case of tin poisoning -
coming from the absorption of tin from the wearing of false teeth =
(alimentary mucus membrane) as do many other workers reporting
cases of acute tin poisoning -- the eating of food preserved in
tin cans. Jolles reports a case of chronic tin poisoning coming
from the wearing ol s tockings impregnated with tin.

‘In our laboratories we have found that soluble organic
tin compounds are capable of bveing absorbed by way of the gastric
.intestinal tract - - subcutaneously, intramuscularly and intraven-
ously. We have been able to show that the insoluble organic tin
~ compounds are capable of absorption intraperitoneally. In all cases
we have been able -to find tin in the urine. In several instances we
were able to dete¢t the odor of an insoluble organic tin salt on
the animal's breath after an intraperitoneal injection. After intra-
venous injections of soluble organic tin, we were able to detect tin
in the feces, and

I. Via Gastro-Intestinal Tract.

Salant and his workers conclude that the absorption of
tin from the gastro-intestinal tract may take place undexr certain
conditions. This follows the fact that the gastro-intestinal tract
‘is the chief source of eliamination of this metal.,Other workers
(including Salzer) have reported cases of tin poisoning - the tin
being absorbed somewhere by the alimentary mucous membrane (eprtkhelium,

' etc.)
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In our work we attempted tc cause the absorption of both
soluble and insoluble organic tin compounds and several inorganic
ones - (soluble). The compounds studied were as follows: Viz,

(A) Scluble

1. Di-ethyl tin bromide (organic)

2. Stannic bromide (inorganic)

3. Stannic oxide (inorganic)

(B) Inscluble.

1. Tri phenyl‘tln 10dide (organaic)

2. Tri1 ethyl tin hydroxide (organic)
Procedure: <200 to 300 milligrams of each of the above compounds
were placed in a gelatin capsule - a mouth gag being plaéed on
the an;mal - after which the capsule was placed on the posterior as-
vect of the animal's tongue followed by 100 cc. water to rinse the
capsule down, éare being taken that the animal did not expectorate
the capsule. After the capsules were given the animals were watched.
very closely in order to note whether the d rug was vomited ormt.
In but one case - when the di-ethyl tin oromide was given, did the
animal vemit and that was some 45 mirutes after the capsule had been
given. In no instance was there anj vomliting after the two insol-
uble compounds wexre given or after the two soluble inorganic ones.
Upbn careful obéervation we could not detect the slightest change
from normal after the twe insoluble organic tin compounds had been
given or after one (stannic oxide) scluble inorgenic salt. In tThe
case of the stannic bromide we felt that the animal showed very mild
but distinct bromide depressive symptoms within 2 hours after ad-
ministration of &n Br,. The urine gave & positive tan test.

In the case of the soluble di-ethyl tin bromide (oxganic)



-l4-

the animal (dog) showed marked symptoms of poisoning within 45
‘" minutes after administration. Vomiting and defecation occurred,
the animal was very weak and trembly. Respiration was shallow and
labored and the vomitus was greenlsh yellow in nature, similar to
the gastro-intestinal contents noted after intraperitoneal injec-
tions of insoluble tin (organic) éompounds.

" Defecation contxnﬁed for 3 to 6 hours after administration
as did the periodic vomitaing. Complete recovery took place 24 to
36 hours after the initial administraticn. The urine twenty-four
hours after administration showed traces of tan which with the signs
and symptoms noted above 1s conclusive evidence that this one organic
tin salt was absorbed via dog's gastro-intestinal tract. Unfortunately
we didn't have ample quantities of the other soluble organic tin
compounds for similar administration.

The fact that all animals after receaving the insoluble
organic tin compounds did not show any 111 effects and also that the
specimens of urine examined were free from tin proves that insol=-
uble organic tin compounds are not absorbed Irom the gastro-1n£estina:
tract of dogs on an initial dose, Repeated attempts were not made for
lack of quantity of these compounds.

As to the two inorganic (soluble) cqméounds used, we feel
that 1ittle or no absorption took place as we failed to find the pres-
ence of tin in the urine. These observations agree with those of
Salant and his workers who failed to show the absorption of tin
from the gastro-intestinal tract of dogs after these animals had re-
ceived 100 to 300 malligrams tin tartrate daily for & period of three
weeks. .- White, however, working with sodium stannous tartrate found
this tin salt to be absorbed in Very small amounts fxem the dog's

gastro-intestinal tract -- which view fits with our own observation
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(also urine test) cf mild bromide symptoms after stannous bro-
mide had been given.
Salant reports that the gastro-intestinal tract of rats
is favérable to the absorption of tin and also that when tin in
the form of double salts (as the tartrate or citrate) is given
in doses of 46 milligrams daily to cats fer a period of three or
four days that minute amcunts (1 to 3 m1lligrams) of tin were found
in the combined urine of these animals for three oxr four days afterx

administration.

Conclusions: Tin via Gastro-intestinal iract.

(1) Inorganic tin salts are probably not absorbed by way of gastro=-
1ntest1nél tract of dogs and if so in very minute amounis.

(2) At least one (and probably other) organic tin compounds may be
absorbed by this route and gives rise ilo symptoms of tin voisoning.
(3) Scme salts (as double salts) of tin (citrate and tartrate) may
be absorbed by way of the gastro-intestinal tract of cats and rats
as ghown by Salant.

(4) Dogs urine failed to show the presence of tin 1in all cases of
insoluble organic compounds and of soluble inorganic ones, (except
Sn 314) but gave a positive test whén a soluble organic compound
was adrniinistered.

.II. Via Venous System. Most of our early experimental work was done

bn t he intravenous injection of c ertain soluble oxrganic tin salts --
the two chief ones beang di-methyl tin bromide (CHz)s SnBrz and di-
ethyl tin bromide (CgoHg)go SnBrg. Both of these szlts are very sol-
uble and leqd themselves well to intravencus injection. Our recorded

data was derived largely from the intravenous use of these two salts.
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, Most of the previous work done on the intravenous injec-
tion of tin salts has been done by Salant, Rieger and Trenthardt
who working with inorganic iin salts (sodium stannous tar trate)
found that these compounds disappeared from the blood stream within
two or three hours after injection and that these salts were found
| deposited in the sklnv- 25%, and in the liver -5% of the amount
injected. Otherwise the deposit;on of tin seemed quite general.

(A resumé of their experimental findings appears elsewhere.)

These workers found that the elimination of these salts takes place
chlefiyby way of the gastrc-intestinal tract -- the kidney playing
but a subordinate though an important role ir the elimination of

tin. We share with these workers this view as to the elimination

of organic tin compounds as to the kidney, but an regard to the

gastro—lntestlnal tract we can say that 1t does aid in the elimina-
tion of fin but we did not calry outany quantitative analyses to de-
termine the relative amount eliminated by the gastro-intestinal tract
and kidney. Salant's view, however, 1is contradicted by Ungexr and
‘Bodlander.
We have found using organic tin compounds (as did Sal=ant

aﬂd his co-workers using inorganic tan compounds) that the elimina-
tion of tie 1.e. by any route is very slow, starting two or three days

after the initial administration and lasting for some weeks.

III, Via Subcutaneous or Intramuscular Injections.

Our observations regarding the subcutaneous and intra-
muscular injections of organic tin compounds have been confined to

one galt - - viz. di-ethyl i n bromide (02H5) SnBr For the sub-

2I
cutaneous or intramusculzr use of this compound we used 10 to 15 cc.
of a one percent aqueous solution (sterile). We noted in all cases
whe ther the injections was made in the region of the thigh, abdom-

inal or chest regions and e ither subcutaneocusly or intramusculaxly
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that within three hours an acute inflammatory reaction at the

site of anjection occurred. These réactlons were so severe that it
was impossible to give a second injection without being brutal.
The reaction itself lasted from 10-14 days,after which ;t slowly
éubsided and the animal recovered. We were able to oblailn positave
tests for tin in the anamal's urane 3 days after injection. As to
the constitutional symptoms produced these seemed to be very mald

in nature, which shows that the absorption by these routes must take
place slowly.

IV, Via Intraperitoneal Injections.

These injecticns were resorted to using those ccmpounds
(organic) which were insoluble in all the ordinary soclvents. It
was by this method and by this meihod alone thai we were zble to
study the pharmacological action of these inscluble tin . salts.

Tisewhere in this paper under "The Pharmacological Action
of Some Insoluble Organic Tin Compounds" we have gone into detail
as to the obsexrvations and effect of such injections., Here 2t will
suffice to briefly summarize our conclusions pertaining to intraper-
toneal injections as made by us.-

(1) That absorption via intraperitoneal route does take place
of insoluble organic tin compounds, is probably due in part
to thear powers of volatilization.

Evidence for such absorption 1s tan in urine and the odor
of fumes on breath (mentioned later)..

(2) A1l signs and symptoms of acute poisoning are produced
withain 30 nminutes after injection. |

(3) Excretion does take place by way of lungs, in at least one
instance, viz., tri-ethyl tin hydrcxide. The urine gave a

positive test for tin after tri phenyl i1odide.
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(4) Death is produced within 1 to 5 hours after 800 to 900

milligrams of either salil 1s given, the tame of death
depending in part on the temperature at which the salt
was given.

V. Via Skan.

Jolles has shown guilte conclusively that tin may be
absorbed thru the skin. The evidence as sub.n tted by him being the
firding of tin in his patient's urine, after the patient had worn
»stocklngs impregnated with tan. This patient suffered all the
symptoms of chronic tin poisoning as well. In our experimental work
we have performed no experaments on tin absorption thru the skin,

Jolles makes no mention of other rcutes of elimination or storage

of tine



7. PATHOLOGY
1, Locally (At Site of Injeotlon.)

The reaction produced at the site of injecticn of the
soluble organic tan compounds whether the injection was made sub-
cutaneously or intra-muscularly was of an acute inflammatory nature.
This acute inflammatlon lasted for some eight to ten days aftexr
; which 1t subsided -- leaving sone residual tissue Treaction (evi-

; denced by hardened tissues, etc.). At no time was there any evi-
dence of sloughing or necrcsis over these areas. That absorpticn took
place was evidenced by the detection of tain an the urine. There

were signs and sympioms of general toxemaa, which fact was later corro-
borated macroscopically at autcpsy as one of a generalized systemac

pdiscn. No microscopical studies were made in these cases.

2. Resnaratory (Inhalation)

Corresponding to the acute respiratory symptoms as men-
tioned before -- the pathological findings as confined to the res-
Piratory mucous membranes (nasal of man and laryngeal and bronchial
of the dog) were those of acute inflammation and congestion as evi=
denced by swelling and redness. This congestion was strictly local
Mroduced wholly by the irritating fumes of these organic compounds
(whach were probably not absorbed (or adsorbed).

3. Intravenously (Generalized)

One compound (tri-ethyl-tin-bromide) was given intraven-
ously fo: a study of symptomatology and pathology in daily doses of
15 cc. 1% aqueous solution. At the site of injection there were no
Signs of reaction provided the drug was "gotten" into the vein
(lgteral vein of dg's fore leg). If any of the solution escaped
Into the surrounding tissues, &. reaction took place similar to the

Ones described under subcutaneous and intramuscular injection. At
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altopsy the macroscopical piciure was one of an acute systemac
Poisoning - = having its greatest effect on the heaxrt muscle
(causing 1t to be flabby) and the. kidneys (signs of an acute nerh-
ritigs). The intestinal nucrosa appeared inflamed. Thexre was nothing

Tremarkable concerning cther corgans and l1lssues examaned.

Microscovical Picture.

Heart. The eplcardium contained a few leucocytes and the

livaing cells show signs of mild degeneration - nuclel
irregular etc. The myccardium contained much connec-
tive tissue and the muscle fabers seemed to be far
apart. There was congestlon eround the blood vessels.
The nmuscle fibers themselves showed irregular nucledi
and the cytoplasm. seemed pale and unhealthy.

Kidney. The kidney showed s1gns of congestion in the region
of the capsule. The tubules appeated distended and were
1ined with swollen granular epithelaium. All capillaries

and blood vessels wexe congested: and showed signs of

early sclerosis.

Intestine. (Large and Small).
Both large and smell intestine showed signs of degenera-
tive mucosa-~ élmllar to sloughing with marked congestion
of the intestinal wall. There was an outpourang of
lymphocytes 1n 21l portions examined. Nuclel of cells
avpeared 1rregulal and small as compared to cytoplasm.
Laver. Capsule was thickened znd. was densely fibrous and was
invaded by lymphocytes and many polymorphs. In the
ger 1 portal areas there is zn increase in the connective
tissue elements.

Call Bladder.gplthelial lining and wall congested.
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Urinary Bladder. Degeneraticn of epithelial lining with under-

lying vencus congestion.

Lung., Slight congestion mostly peri bronchial.
Brain, ‘ No remarkable findings except toxic degeneration

and cedena.
Spleen. Capsule was thickened and there were some 81gns
of toxic change with venous congestiion.

4, Intraperitoneally. (INtra-abdominzal)

We may divide the pathological findings tlus produced into
local and systemic changes produced by the intraperiteneal injec-
tions of the twe znsoluble organic tin coumuounds, Viz.

(A) Local. Wiinhin 12 minutes in one instance when warm olave
01l and tri-phkenyl tin iodide were injected all the
signs of an acute inflammatory reactlon of the peri-
toneum were produced. In the other zinstances when
cold olive 01l was used the sume phenomena occured
but late as shown at autepsy. The microscopical
sections of the peritoneum corroborated these findings
of acute inflammztion.

(B) Systemic
Macrogconlcal. Because of the relatively short per-

10ds of time (few hours) elapsing between taime of

injection and death 1t was very dafficult to study
minutely the macroscopical changes - = however, in._ the
intestinal tract, laver and kidneys there were evident
signs of an acute toxic reaction.

Microsco pical Picture. In but one case - 1.€. when the

tri-ethyl tin hydroxide had been given intraperitoneally
and death occured a few hours later were these micro-

scoplc sections mzde. The microscopic picture thus pro-
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duced was rather limited -- a2ll the pathology being limited to

the peritoneum, liver, intestinal tract and lungs. A descripticn

3.

5.

Peritoneum, The peritoneum appeared congested with

an outpcuring of polymorphs. All bloocd vessels wWere
congested. The peritoneal lining cells showed but
llttle'change e1ther in nuclei or cytoplasm - due prob-
zbly to the stwatv time of direct exposure.

Lavezx. Capsule was tlhickened and showed the pres-

ence of engerged blood vessels. All the pexiportal
areas showed some evidence of fatty degenexation of cell
cytcplasm.

Intestinal Tract. (Stomack - Small and Large Bowel)

As stated before the stomach and intestines were filled
with a heavy yellow mucus. With this mucus there was

a mucoid material in the cell lining of the gut with
evidence of cell degeneration and destruciicn. All

intestinal gland cells appeared active and there were many

scattered polymorpks here and there.

Lungs..There was a perlbronchlal infigmmatory reaction
consisting of many poiymorphs - and a few lymphocyties.

The lung tissue itself appeared to be normal in every way.
OtlherOrgans. There were no abnormal riicroscopical
findings in other organs, viz. heart, spleen, kidney,

bladder and nervous tissue,
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&. PHARMACOLOGICAL ACTION OF SQMF INSOLUBLFE

ORGANIC TIN COIMPOUNDS.

The two organlc tin couipounds tri-ethyl tin hy droxzade
(CoHg) 3Snoh and tri-phenyl tin 10dide. (Ph) 3SnI submitted tc us by
i, Kraus were found to be insciuble in all the cidinary sclvents.
It was for this reason tnat we had to resort to intragpel sicneal
these coumpcunds. One gxrum of the abové salts were sus-

injection of

vended in 20 cc. of sterile ciive cil. The ol was ster1iized by

boiling, the salts being sterilized by waéh;ng in & weak aiccholic
soluticn, anjecticn taking place under aseptic conditions (sterile).

Injection No. 1. Animal: feuazle dog. Weight: 1< kilo.
Procedure: 20 cc. of the warm olive cil ﬁas used to which was added
1 gn, of tri-ethyl tan hydroxide (Czﬂs)SSnOh; fumes were given off
at once but the mixture as not injected 1ntrape:itoneally until 1t
had cooled. Time of Injection: 2:26 P.M, Apral 4th, 1927,

Observations. Theanimal at once showed signs of great pain as evi-

denced by howling, thtchlng of muscles, and frantic movements. At
2:30 vomaiting occurred, the vomitus being of a greenish-yellow 1n
Color. Heart and respzratlon; slow and feeble. By 2:33 the animal
lay prostrate on the table being unable to move and responding to
no stimulation. The heart was very weak, the respiration slow and
shallow. This prostration lasted until 2:38 when the animal died,
13 minutes after injection. We could.-not detect the odor of the
8salt at any time and it was impossible to obtain a specimen of the
Urine fdr a tin test.

Immediately after death an autopsy was performed which re-
v-ealf:d a congestion of all viscera (abdominzal) much frothy material
in stomach and intestines and inflammation of the peritoneum. The .

heart, lungs and kidneys appeared normal macroscopically.
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Injection No. 2. Animal: female dog. Weight: 12.5 kilo.
Procedure: 20 cc. of cold olive oil (after sterilization) was used
towhich was added 1 gm. of Tri-ethyl-tin hydroxide (CoHg) z5n0h.
Thas suspénsion was injected intiaperitoneally.

Time of injection: 2:u5 P.M. Apral 4, 1927,

Observations. The animal showed some signs of pain at the time of

injection due vo the puncture of the abdominal wail but no signs of

acute pain immediately after injection.

2:10 P.{. weakness, vomiting of green fluid. Tremors.

2:20 P.M. weakness, vomiting of green fluid. Tremors.

At this time heart was weak), ,respiration rapid.

| 2:35 pﬁpils contracted, animal growling, showed Loss ol balance,
and many unrelated movements.

3:05 P.M. Animal staggered as though blina, eyes retracted, walked
about aimlessly, failed to drink water and could be quited only

by patting.

3:10 P.M., fumes cf the salt were smelt on the breath of the animal

“and 1t was unable to walk about and lay prostrate on table. Heart

was very feeble, respiraticns at this time very shallow and labored.
Anims1 would not respond to stimulation of any Xkand.
3:25 p.M. Animal was killed 1 hour and 20 minutes after injection

Yy means of cver-etherization, in order that surfering might not be

Drolonged.

i An autopsy was pexformed at once. Sectiocns of all visceral 0Igans
being submitted to the Pathological Department for microscopic
sections. Specimens of urine and gasiric contents being submitted to

the Chemistry Dept. for tin test. The macroscopical findings at
Acute inIlammation of the visceral and palle-

The

autopsy were as follows:

tal peritoneum. Congestion of all visceral (abdominal) organs.
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'stomach and bowels were filled with greenish, yellowish froth ana
seemed to be in a state of contracture. The kidneys congested and
the urine cloudy and thick.

Heart'andhlungs: Were essentially negative macroscoplcally.
Central nexrvous system vas also negative macroscopically.

A report of the microscopiC sections will be submitted later.

The specimens ol urine and gastric contenis as submitted to the
Chemistry Dept. for the detection of tin were reported as probably
positive, using ihe Longstaff method of deterninatlon, which test
is sa1d to be sensitive to 1 part to 1 milllon. Tnis test is con-
cilusive if iron is not present. However, on severail previous occas-
ions the urine has shown traces of tin after injection, wnich con-
firms the findings of other workers. As far 'as we know the gas-

tric contents had not been examined heretofore. -

Conclusions: From the intraperitoneal injections of this one inscl-
uble organic tin compdund we are able to draw the followlng conclu-
sions:

1. Having previously tested this one insoluble tin sait tri-ethyl
tin hydroxide (02H5) SnOH in the laboratory we found that 1t was
“highly volatile at comparatively low temperature. The fuﬁes given
oIf were very pungent and irritating to the mucus membranes of both
experimentexr and experimental animal (as given intratracheally) .
From the two foregoing injections we can clearly see that when the
salt was given at the temperature of volatilization or below that
the effect were more immediate;, more pronounced and more harmf'ul

to the animal. We feel that the. relative toxicity ol this salt
as given intraperitoneally 1s due in a major way to 1its volatility.
Greater emphasls might be laid on this point vecause of its highly

Insoluble nature. -

2, Excretion of this organic tin salt Tri-ethyl tin hydroxiae (CgHg) 3
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Snoh takes place through the lung (as evidenced by odor), through

the k.dneys (urine gives positive tin test) and probably by the way
of the intestinal tract (as evidenced by a probable positive tin
test in the gastric contentis).

3. Tri-ethyl tin hydroxide (CpHg)zSnOH causes acute inflammation

ot all the tissues and organs with which it comes 1in contact as
ev1denéed by the signs of acute inflammation both macroscopically
and microscopically.

4. Cause of death due to this salt is respiratory failure with
Secondary myocardial failure due to toxicity, probably volatile by
way of the blood stream. |

S From a practical. standpoint we could say that this salt repre-
sents one high in toxicity ana because of 1ts volatile nature woula
necessar 11y be dangerous to use commerclally or therapeutically.
Injection Hg, 3. Animal: male dog, weighing 11 kilo. Procedure:

25 cc. sterile olive: o1l to which was added 1 gram triephenyl tin
lodade PhsSnI was injected intraperitoneally. Tame: 2:20 P.i.
April 27, 1927,

Observatlons: The an.mal at once showed evidence of pain and ie€n
Ninutes atter the injection was gaven defecation and vomlting occurred.
By 2.50 P.i, the animal was very weak and dyspnoea. This weakness
and difficulty in preathing continued for four hours and a halfl,
When the prostration ended in ceath. The autopsy findings were much
the same as were noted under tri-ethyl tin hydroxide given intra-
Peritonearly. No microscopic secflons were taken and fortunately a
Specimen of the urine was obtained which gave a positive tin test.
It was to be noted also that at no time could the odor of this tin
Compound be aetected on the animal's breath. This is not surprising
in view of the tract that.this compound volatilizes with dirficulty

as compared with the relative east with which tri-ethyl tin hydroxide
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volatilizes.

Conclusions:

1. From the foregoing we are able to conclude that both insoluble
organic tin sairts twri-ethyl tin hydroxiae (CzH5)5SnOH ana tri-phenyl
tin 1o0dide (Ph)zSnl produced death when given in sterile olive oil
intraperitoneally.

2. Abvsorption of these compounds occurred as evidenced by detection
of tin in the urine anu the detection of the odor of one compound
tri-ethyl tan hydroxide on the breath of ﬁhe animal,

3. Excretion of these insoluble orgaric tin compounds takes place
through the lungs and kianeys.

4, Cause of death., Respiratory falluré with seconasry myocardial
involvenent.

5. In order of toxicity the tri-ethyl tin hydroxiae is much more

loxic than 1s tri-phenyl tin iodide.
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. Pharmacological Action of Some Insoluble Inorganic Tan Compounds

as Given by louth.

The two orgunic tin compounds tri-ethyl tin hydroxide (CoHg) o
SnOH ana tri-phenyl tin iodide (Ph)SSnI were found to be very in=-
soluble in all the or dinary salts. In order to test the pharma-
cological action of these salts we gave 2 grs. of tri-ethyl tin-
hydroxide to one dog and 2 grs. of tri-phenyl tin 1o0dide to another
dog 1n gelatin capsules, DBoth dogs retained the capsuies for one
hour after which one dog havaing been gaven the tr.-phenyl tin iodide
vomited. The capsule could not be. found in the vomitus but it is
quite likely that it had dissolved and the salt had spread through
the stomach contents. Neithner animal appeared 111 and suffered no
111 effects at any time thereafter. Both were kept in separate cages
for a period of ten aays during which time they were caretully
watched for signs and symptoms of tin p01éon1ng. At no time dia
€ither dog show such signs and at the end of this time both were
Used for class purposes, and from a macroscopically survey of the
Organs after death arl seemed negative. |

Conclusions: We could conclude from the smail series of experiments

that organic tin compounds (insoluole) are inert when given by

Wouth ana produce no signs or symptoms of tin poisoning.

It has been found by some workers that tin compounds do produce signs

of nausea and vomxting which bears out our work with the phenyl-tin

lodide which did cause vomiting one hour after injection.

The fact that tin compounds are inert,or relatively so, when gliven by
' Mouth is of muchn economic importance, and lowers much the oanger of

Qcute tin poisoning. ‘It is highly probable, however, that when given

Over long periods of time (as snown by Saizer) that signs and symptoms
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of chronic tin poisoning do occur wnich bear out our findings when

ingojuple compounds were given intraperitoneally.
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9a. PREPARATION OF COMPQUNDS.

Ve are.indebted to Dr. Kraus and his associates ol
Brown University for their kindness in submitting to us five or-
ganic tin compdunds that we might study the pharmacological aspects
of organic tin.
- These compounds were:
(1) Di-methyl tin bromide (CHz),SnBry solubles

(2) Tri-methyl tin bromade (CHS)S Sn Br soluble,

(3) Di-ethyl tan Dbremi C_H S .
) hy n bremide ( 5 5)2 n Brz soluble

(4) Triephenyl tin 1odide (I?h):5 Sn I insoluble,
(5) Tri-ethyl tin hydroxide (02H5)3 Sn OH insolubles

For +the method of preparation of these compouhds we refer to the
various articles published by Dr. Kraus and his associates 1in the
Journal of the American Chemical Society.

‘Also:

(8) Other Organic Compounds as prepared in our own laboratoIy.

Details ofpreparation of all compounds follows:

(1) Di-methyl Tin (di) Bromide: The preparation of this compound

according to Kraus and Greer (J. Amer. Chem. Soc. 47-2568, 1925) is
as follows: ‘

The dibromide 1s readily prepared by further brominatlng
tri-methyl tin bromide. This 1s done by slowly dio pping an equivalent
quantity of bromine into tramethyltin bromide while the temperature

is.gradually ralsed from 500 to 80°. Sunlight is preferably excluded.
‘The crude product of bromination is freed from monobromirde by washing
With.petroleum ether. Daimethyltin dibromide melts at 76°.

(2) Trimethyl Tin Bromide: This compound may be made by bromin-

ating tetra methyl tin according to the reaction:
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(CHz) ,SN+Bry = (CHj) 3 Sn Br +(cH Br ?)

According to Krvaus and Sessions (J. Amer. Chem. Soc. 47-2361 (1925))

the method of preparaticn 1s as follows:

The ¢ alculated amount cf bromide (2 atoms of bromide per atom of tain)

as allowed to drop slowly into tetramethyl tin in a distilling flask,

cooled to a temperature of about 100, When the required amcunt of

bromide has been introduced the mixture is alliowed to cone to roomnm

temperature and the produce s purified by fractacnal distillation

and crystallization. A small amount of dimethyl tin dibromide 18

formed, while a corresponding amount of tetramethyl tin remains un

+he lower- and

Trimethyl

changed. There is little loss of tin compound if
higher- boiling fractions are preserved and worked over.
t1n bromide melts at 27° and boils at 165°. Its purity is readily
recognized by the sharpness of 1ts melting point.

(3) Di ethyl Tain Di Bromide: Diethyl tin dibromide 18 pre-=

pared by brominating triethyl tin bremide with free bromine 1in carbon
tetrachloride solution. After fractional crystallization, prefer-
ably under vacuum, the pioduct is purified by fractional crystalliz-
ation from organic solvents such as benzene, by washing with low

boiling petroleum ether.

(4) Tri-phenyl Tin Icdide:

As a starting material for the making of this compound
tetraphenyl tin was used. This preparation (tetra phenyl tain) may
be prepared by one of tﬁo methods, viz. method as used by Polis or
by means of zanc diphenyl. These two processes are as follows:

(A) Sodium-tin Alloy Method :- (Polis) Bromobenzene was refluxed

with about four times the calculated quantity of a 14% sodium-tin
alloy on an oil-bath for 12 hours. The‘resulting gray solid mass

was treated wath cold carbon tetrachloride to removVe unchanged bromo-

benzene, and then repeatedly extracted with boiling carbon tetrachlor-
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ide or benzene. The tetraphenyl tin so obtained melted at 225-2260

after one recrystallization; yield, about 50%.

(B) Zinc Diphenyl Method: A quantity of phenylmagnesium bro-

mide was prepared in the usual way in a Z-necked Mo iling flask,

provided with a reflux condenser fitted with a calcium chloraide

tube, a dropping funnel and a tube through which a current of ni-
‘-trogen could be introduced. On completion of the reaction a susS-

pension of dry zinc chloride in absolute ethrr was added through

the dropping funnel. Reaction took place aimmediately. Toluene

was then added and the ether distilled on a water-bath. To the

cooled solution was added a solution of an equivalent amount of

starnic chloride in toluene and the mixture boiled for one hour. All
of these manipulations were carried out in an atmosphere of nitrogen.

After cooling, dzlute hydrochloric acid was added and the gsolution

filtered. The residue was extracted with boiling benzene. The

téluene layer of the filtrate was united with the benzene extracts
and themixture concentrated and cooled; yield, 91, 27. m.p., 224-2250.

After the tri-phenyl has been prepared and purafied the
following procedure is carried out to obtain the triphenyl tin 1odide
in pure form. This compound as made by Dr. Kraus was prepared by the
action of 1odine on tetra-phenyl tin. This is contrary 1o Polis
view (Polis Bev. 22, 2915, 1889) who states that iodine has no
effect upon tetra-phenyl tin.

The preparation of the tr 1-phenyl tin 1odide as made by

Ir. Kraus fdllows the general plan of preparing tri-phenyl tin
" bromide -~ the pflnclple of which is that when a solution of tetria-

phenyl tin in chloroform 1s treated with bromide, two phenyl groups

are replaced by bromide. The technique is as follows:

To 150 g. of tetraphenyl tin, in & 150 cc. distilling flask
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provided with a reflux condenser and having the side arm closed

. with a stopper, was added 975 g. of chloroform and the mixture
_boiled while 90 g. of 10dine was added 1in small portions. After each
addition of iodide the sol: tion immediately became decolorized, until
near the end, when a brown coloI appeared which wasnot discharged
after boiling for one hour. The chloroform was distilled on a
water-bath. The iodobenzene which was formed an the reacticn was
removed by distailling under a pressure of 13 mm, The residue, con-
sisting of crude tri-phenyl tin iodade, was dissolved an ether and
filtered to remove unchanged tetra-phenyl tin., The ether solution

) Wés shaken in a separatory funnel with three portions of 30% sodium
hydroxide solution and the layers were separated. The ether layer,
containing tri-phenyl tin hydroxide, was shaken with concentrated
hydrobromic acid, the layers were separated and the ether layer

was dried over sodium sulfate. On concentraticn of the ether solu-

4 on 86 g. of tri-phenyl tin bromide was obtained which, after
recrystallization from ether, melted éharply at 120-121°, yield about
507%.

(5) Tri-ethyl Tin Hydroxide: The following 1s the method of

preparation of tri-ethyl tain bromide as used by Dr. Kraus. The
hydroxide 18 prepared in much the same way (see literature) or by
treating the bromide with a strong alkall. Tri-ethyl tin bromide
is prepared as follows: Tetra-ethyl tin is treated directly with
bromine in the cold, adding the bromine drop by drop or by treating
g carbon tetrachloride solution of tetra-ethyl tin with bromine
-at'ordlnary temperatures. 'The work 1s purified by fractional dis-

ti1llization. The pure compound melts at about 270.

(6) Other Organic Tin Cbtmpounds:

In our own laboratories we prepared two organic -tin

compounds, viz. (A) Sodium Tin Bromade and (B) Sodium Tin Tartrate
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(not a true tartrate)., The method of preparation of each is
quite simple -=- method follows:

(A) Scdium Tan Tartrate.

This compound is made by the interaction of .sodium tartrate

Na C4H40¢ and tin (stannic oxide SnOz with the splitting off of water.

Reaction is:

Na C4H O, +8n0, Na 8n 0 C,H,0, +H0
171 150.7 303,17 18
56 Gms. 44 Gms. 100 Gms. (5.8 Gms.)

:vUnder each salt(or compound)is represented the molecular formula.
(first linej. Below (second line) 1s indicated the number of grams
6f the two salts necessary to make 100 gms. sodium tin tartrate.

The various- amounis were dissolved in water 160 cc. mixed and boiled
for 60 minutes after which they wexe filtered -- the filtrate

stan ding until the salt sodium tin tarirate settled out. No method

of purification 1s necessary.

The structural formula
Co0 - Na
H-C-0
Zn = 0
H-C-0
Co0 - Na

shows that this compound 1s not a txue tartrate.

(B) Sodium Tin Bromide.

The preparation of this compound represents an addition
(chemic 21) between tin(stannic) bromzde (Sn Bry) and sodium bromide
- (NgBr) as follows:

" Sn,Br 4 2 NaBr Na, Sn Brg
(Sn Br, 2 NaBr)
438,38 205.87 644.22

68 Gm. 32 Gm. 100Gm.
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The abbreviated structural formula for sodium tin bromide is
indicated above showing that this compound is merely an addition
of tin bromide and sodium bromide and giving a weak combination
which i1s reversible. The molecular weighfs of each compound 1s
indicated beneath the various formulae and the various equivalents
to make 100 Gms. sodium tin bromide is given on the next line,

The method of preparation is simple. The relative amounts of
tin bromide and sodium bromide are dissolved in 100 cc. watef, .
mixed, then boiled for 60 minutes after which the solution 1s fil-
tered, . The filtrate 1s allowed to stand until the compound NaZSn Br6

settles oul or until evaporation occurs.
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9b. AWALYSIS FOR TIN - TESTS FOR TIN.

Digest 10 cc. of urine with 5 cc. conc. HC1 and small
amount of KC1Og; add more HCl and KClO5 as digestion progresses.
When digestion is complete the solution is a VeIry pale yellow;

it is then diluted to 100 cc. and neutralized so that it 1is just

slaghtly acaid. pass in HgS. Filter.

The solution 1s warmed before treating with HpS and heated almost

to boiling before filtering.

SnCl,t2 HS = SnS, +4HC1 : SnCl tH,S = Sn§ +2HCl

Test filtrate with more HoS. Wash ppt. with hot water, containing
a little HCl. Wash ppt. 1into test tube wath smail amount of water

and add yellow ammonium sulfide (NH4)2SX. Digest for several min-

utes with warming.
2 snSg+2(NHy)pSp = 2(NHy)8nSztSy : SnS T (NH,)oSg=(NH,) o5n83
The ppt. is failtered, washed first wath (NH4)ZSx and then with hot

water. The filtrate, containing the tin, is acidified with HClL.

Tin ppts. and then redissolves.
(NH,)pSnSzf 2HCL = SnSp T2NH,CL +HpS
SnC1 21,5 + Cl,

SnS,, +-4HCL

Boil off the HsS.
Treat with Z2n and HCl1 - tin is deposited.

Dissolve with HC1l and test.
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9. DATA
Controls.
3 samps. of own urine ‘tested first
1. normal

2. wath Sn02 added

3. * FeClg gave correct results

#2 only one which gave positive
tests

Tegts.
Samples Tested

# as on tube

#1 -- urine =-- tin present after (CgHgly SnBr intravenous

#2 -- " .« " apsent before (CgHg)z SnBr mouth

#3 == " <= " present SnBry mouth
#4 -= " -- " present (Ph)3 SnBr by mouth
#5 == " -- " Sn0, mouth

SnBr intra-

#6 gastric contents -« tin absent after (02H5)3
- ' venously

#7 blank-- own urine -- tin absent.
All samples, after the qualitatave separatioh,‘were tested with
both ammoniacal AgNOz and Ammcnium Melybdate reagent.
Bat h of these tests agreed in all cases. ‘
Examined May 13-16, 1927
Warren H. Reinhaxt.
Note: Aprial lcth, 1927, examinatilon of urine and gastric contents
af ter (PH)S.SnI was given intraperitoneally showed the probable
' presence of tin.
Examination of urine after intravenous injecticn of (CH3)2 SnBr
showed the presence of tin test made Apral 6th, 1927.
The latter three tests were made by B.C. Brunstetter using the

method of Longstaff.
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REPORT ON DETECTION OF TIN IN URINE AND STOMACH OF IOG

TREATED WITH ORGANIC TIN COMPOUND.

The tube containang the urine was unfor ture tely broken, and the
contents spilled on the laboratory desk. The liquid vas at
cnce taken up with -a blotter. (No work hzd been done using tin
compounds on thut desk,)

The blotter was extracted with 10 cc. of dilute HCl. The
volume of the extract obtained was 7 cc.

The stomach contents were divided into parts: 1 = super-
natant liquid - 1.6 cc. - deeply tinged with hemoglobin. (on adding
HC1l, dense white fumes occurred; the presence of ammonie 18 indi-
cated); . II = sedament.

In the fourth tube 10 cc. of the analyst's urine was ob-.
tained. (It should be mentioned that about 3 hours pefore, part of

the breakfast eaten contained canned milk.)

Tube No. Contents Final Color Produced.
1 Supernatant ligquid of stomach: Light blue
1.6 cc.
2 Sediment from stomach fluad Deerer blue
3. 7 cc. of dog uraine Light blue
4, 10 cc..of normal human urine Dark blue

After adding 1.5 cc. of concentrated HCL, and 0.5 gm. of
Zn to each tube, they were placed in boiling water for 55 minutes.
Fach tube was then filtered into 1 cc. of saturated ammonaum
molybdate . .They were then centrifuged and compared with regard to
color,
As fsx as I know, the only substance in normal urine capable
of giving, by darect reduction of ammonium molybdate an acid sol -

tion, a blue color, is iron. The i1ron content of normal urine
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according to different investigators probably dces not average
more than 0.0C1 gm. pexr day. If one day's passage of urine is
10060 c¢c., 10 cc. tken would be C€.000,01 g. 1C cc. cf my urine

“were evaporated, incinerated, taken up with HCl, diluted, davided

into two parts. The test for ixcn by (a) ammonium thiocyanate and

(v) by potassium ferrocyanide was positive, Thus in the dog urine
the blue color could have been produced by 21Xon.
Red blood cells laked, then ieduced by (NH;) 28, powerfully

and directly reduces ammonium molybdate. This indicates that the
iron in hemoglobin actively reduces aumoniull meliybdate, and hence
the test for tan in the stomach contents 1s rendered doubtful.

Tan was probably present in the uiine and stomach contentis

of the specimen examined.
This method is of use only when ron has been renmoved.
A better test for tin, probably, is gaven in Sutton's
Volumetric Analysis, page 346«

Byron Brunstetter.
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REPQRT QN IETECTION OF TIN IN DOG URLNE

Urine from a dog treated with an organic tin compound vas
received March 31, 1926. It was stored in the ice-box. When

analyzed on Ap&ll 6, 1926, a marked decomposition odoX, and a

cloudy precipitate of phosphates were noted.

The qualitative analytical method used was proposed by
Longstaff (1) and studied for optimum conditions by Curtmann and

Mosher (2)., It said to be sensitive to 1 part in 1,0C0,0C0.

The Précedure as adapted to urine consisted of the following
stepst=-

1., Filter 10 cc. of urine.

2. Add l.5icc. of conc. ﬁCl to filtrate.

3. Add 0.5 gram of C.P. granular Zn; place in boiling vater bath.

4, After reducing C.5 - 1.0 hour, édd 1.0 cec. conc, HCl to dissolve
any spongy tin present.

5. Cool and filter into 1.0 cc. of saturated amionium molybdate
solutilon. (Run blank élmultaneouslyvthru the same procedure.)

6. Centrifuge and cormpare color with contrcl. The blank oI contm.1l
used in this analysis was 10 cc. of fresh human urine. The color
developed in the control was greenish blue; the color of the
dog urine was a deep blue,.lndlcatlng the presence of tzan.

During the reducticn, the color of the urinary pagment
disappears. With the dog urine, on reducing an excessive foaming occurs,
due to 002 evolution: to prevent loss of the solution, this foam 1is
caught in anbther test tube, and later added to the first tube.
Summary: The dog urine analyzed contained tin.

B.C. Brunstetter.
' Refezencés:

él; Longstaff: Chem. News. 80, 282.
2) Curt: -
tman and Mosher, J.A.C.S. 35, 357, 1913,
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10, FXPLRIMENTAL DATA

The follcowing data as submitted by us concerning
the action of organic tin compounds on the experimental animal
(dog) was recorded while the animal was fully anesthetized.
The aqueous injectiions were given intravenously in strengths of
1 tc 75 and 17 (1 to 100) solutzon. These injectlons were given
in the right or left femoral veins after having all recording
apparatus an place, ready for acticn.

Tor the most part we have not given detazls as to methods

of recordaing fandings but refer to Jackson's "Experamental Pharma-
cologx" as methods outlined in this treatise are the same as
those used in this laboratory.

On the following pages we list the organic and inorganic
tin compounds used in our experiments and in each case gilve the
relaflve-amounts of tin present.

An explanation of every finding recorded is given on the

-page following each figure.
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FIGURE 1.

EFFECT OF GRAIFD DOSES OF TRI MFTHYL TIN BROMITE ON RESPIE-

ATION AKD BLOOD PEFSSUKE.

1. Blood Pressuxre,

The effect of this compound on blcod pressufe
may be summarized as follcws:

(1) Yo change in pressure ol a very slight elevaticn in press-
ure (due probably to velume injecticn) using a very small
dose.

’(é) Slight rise above normal - when a lziger dose 18 given (due
probably to volume injection) followed by a quick return 1o

: normal.

i(S) Siight rise (due prcbably to volume injecticn) followed by

a lovexring ain pressure as the size dose 1S wncreased.

This secondary lowerang 1s due we believe to twe factors:

1- Stamulation of Vagus - Centrally and peripherally

(This is variable).
i 2+ Direct depressant action on heart muscle.

%Ev1dence for two above conclusions will be submitted later.

i
i

2, Respiration.

i
H
i
!
i
i

Ve may classify changes 1in respiration as
%follows: .
- (1) Small dose - no change.
(2)~Larger dose - slight aincrease in rate and depth not foliowed
by depression.
(3) Large dose - 3 findangs, vaz,
(a) Pramary depressicn - often to temporary stoppage .

(v) Secondéry stimulation - increase in depth and rate.
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TIGUEE 2.

TYPICAL RESPIRATORY FFFECT.

Herewith 1s shown the typical effect of tri-methyl tan
bromlde in a relataive large dose on respilratiich viz. first a
comple te stoppage‘— followed by a heavy increase oVel noinal
in rate and depth to be followed in turn by a diminution n
rate and depth - often to death 1f respiratory stinulants are
not given. Ve explain this on the basis of z primary depressicn
(stoppage) of the respirvatory center - followed by marked stimula-
tion ( of center) and to be followed & second time by a gradual
diminution (in actavity) of the center.

The effect on blood pressure is the samea s was noted

before in Figure 1.
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FIGURE 3.

RESPIRATORY ACTION WITH FAITURF LATER AFTEL TRI=-METHYL TIN BRCMITF

Action of tri methyl tin tromade (third anjectior) on

~respiraticn (typacal) and blood pressure (typical). After this

acticn the drum was storped for some 3C minutes during waich
interval the blood pressure rose and the breathinc became beilter.

The drum was now started - the respiration to stop first and fol=-

: lowed by a sudden drop in blood pressure and an inevitable death.

. We explain this death on latent toxicity - which cannot be remedied.
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FIGURE_4.

HEART ACTION AFTEFR RESPIRATION FAILS.

Fagure 4 shows the heart acticn after all resuirailcry
movements have ceased - the animal being kept alive for a shoxt
time by means of axtificial respiraticn. Previcus toc this secticn
of record the animal (dog) was almost "gone", the cause of which
was tri methyl tin bromide 12 cc. (1-75 sol.). Adrenalin an a
large dose 10 cc. (1;10000) and artificaal respiration was then
‘resorted to. For a tame the heart actirn continued cnly to fail
later when artificial respiration was stcpped. We submit this

tracing to show that resparaticen fails before heart acticn,
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TFYFCT OF GRAIFD DOSFS OF DI-METHYL TIN BROMITF QE.RFSPIRATION

- AD BLOOD PEFSSURE.

Thais experiment is siamilar to ezperiment Mo, 1, using tri-

me thyl tin bromide. In many resrects the acticn recorded herxe

'is the same as was recorded using small doses of tix-methyl tin

| bromide as both fail to produce changes in 1esparation and blood

| pressure.

With increasing doses the same effects are shown on blood
Pressure and respiration as in Exper iment No. 1 using the tri-methyl
compound. Tor an explanation of this data we refer to notes
concerning Figure 1.

We feel that while the action and seat of'actlon we re the sane
in both cases that the di-methyl tin bromide was less active

than was the tri-methyl tan bromide. We rather expect this as the
relative amounts of tin in the two anstances may be represented

by the ratio Di-methyl to Tri-methyl as .38 to .48.
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STIMULATION AND RESPIRATION NFAR IFATH. DI-METHYL TIN BROMIDE.

Thnis T igure shows the effect of large doses of di-methyld
tin bromade on resyiration when the respiration was weak - slow
and quite laboredA- as the animal was near death. As shown
there 1s a deciease in rate but an increase in depth to a poant
near death. |

This 1s rioof that the Iespiratery center nas st1ll scme

‘power (ability) tc be stamulated when the animal 1s near death -

i,e. when respiraticn has almost ceased.
The blood pressure fell slightly at each succeeding an-
jection - toc zero &t death. This further droy at each injecticn

is quate typical of the effect of this compound..
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Ficure 7.

TEATH AFTER AN INITIAL SMALL DOSF OF TRI-MFTHYL TIN BROMIIE.

We have observed in some cases (reiatively few) that a
Sme1l 2nitial dose of any of these organic tin tompounds .will
Produce death - no matter what restoratives are used., This figure
shows such & case - after a small dose of tri-methyl tin broinide
had been given to & fresh dog. Artaficial respiraticn, adrenalin
(in large doses) and heart massage failed to revive the aninal,

Ve explain this phencmenon on the basis of an idiosyn-

crasy for this tain compound.
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FIGUEE &.

'FFFECT OF GRAIFD DOSFS OF DI-ETHYL TIN BROMITE ON RESPIRATICY AND

BLOOD PRESSURE WITH A COMPARISON OF THE RELATIVE ACTIVITY OF TRI-

METHYL, DI MFTHYL AXD DI ETHYL TIN BROMITE.

Respiration and blood pressure are recorded here - showing
the mction of a smell and « large dose of di ethyl tin bromade.

Respiration was very slightly altered on an initial small dose

_Of this compound. Oﬁ second injecticn there was a slighl increase
in depth and rate of breathing - but not such a maxked effect as
was noted by similar sized doses of di methyl cr tri methyl tin

- bremaide. |

Blood Pressuie was affected in the usual way - & slight

' elevation (due to volume injected) followed by a fall - but this
“acticn was not so marxed as when the iwo previcus compounds had been

. 8&lven in same dose.

Compar 1son Relative amounts of tin present may be represented

humerically as follows:

Tra-methyl Tain Bromlde «48
Di-me thyl Tan Bromide .38
Di-Ethyl Tin Brom ide « 35

This agrees with the degree of actavity shown as di-methyl
tin bromide showed less signs of activity than did Tri-methyl tin
bromige - so Di-Ethyl tan Brdmide shows less activity than even
the Di-methyl Tan Bromide. We feel, however, that the mode and seat
'Of action an the 3 cases to be same - the chief difference teing

|in degree of activity (probably only).
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Faicure 9.

FEFFECT OF LARGF DOSES OF DI ETHYL TIN BROMIDF WHEM AMIMAL IS

NEAR IEATH.

In this expcriment large doses of this tin compound
were given to a dog - when the animal was near death. Thas zction
is comparable to action recoxded in ¥agure 6 - after large amounts
of di-methyl tin bromaide had been given shortly before death.

While the action in the two instances 1s the same we

feel that the di-methyl compound tw be the stronger (in action).
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Figure 10

SPLENIC VOLUME AFTFR TRI METHYL TIN BROMIIE.

In this experiment there was & narked druminuticn in
Splenlc volume simultanecus with a lowerang of the blood pressure.
This splenic contraction produced a later rise in blood pressure.
Explanation of this splenic contractlon may be made on the basis
of vaso-motor stamulation in medulla and cord.

The effect on respiration 1s typical - to be followed by
respiratory farlure later even though artzficial respiration was

resorted to. Blood pressure fell and the animal died - simul-

‘taneous with the contracticn cf the spleen - other organs probabiy

‘showed a like phenomena.

+ et st — ¢
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Figure 1l.

SPLENIC VOLUME AFTER TRI MFTHYL TIN BROMIDF

Tor the explanation of action here see note con-

cerning Fagure 10.. The effect as shown here on 1espiration

~1s quite typical and very marked. Explanation has been given of

this in note - regarding Fagure 1.
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Faipure l1z.

BLADDER CONTRACTIONS USING TRI METHYL TIN BROMIDFE

This figure shows the actaon of tri methyl tin bremilde
on the bladder. Here 1s scown three bladder contraciions aftexr
the first injection of tri methyl tin breomide - this action bélng

due to nerve hladdex étlmulatlon or to seccndary asphyxia. Further

evidence in faver of asphyxia is recorded when the seccnd injec-

tion was given - when no bladder contraction was recorded until

the blood pressure had fallen to zero. We feel here (as we re-

corded before) that adrenalin has a more pronouﬁced effect after

alkyl tin bromide compounds than before,
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¥ lgul‘e 13 .

BLADDER CONTRACTIONS ATTFR TRI METHYL TIN BROMIDE

W e feel sure in this case that the one bvladder
contraction Trecorded was due to aspiryxia - a fur ther proof over

data submitted in Figure 12,
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Faigure 14.

STOMACH CONTRACTIONS AFTFR TRI MFTHYL TIN BROMITE

In this experiment the stomach contractions were

aroused by the previous use of Barium (BaCly). We could detect
‘no change in contraction aftexr this compound had been given. We

have no additicnal data, however, tc submat in proof of this.






Tigure 15.

KIDNEY VOLUME AFTER TRI MFTHYL TIN BROMIDF.

We refer to the phenomena occuring in splenic vo lume
as shown in Figure 9 and 10. While there is not such a marked
change (contraction and dimainuticn in size) yroduced in the Xidney
Volume there i1s a pronounced one. Our explanation of this phen-
cmenon 1s that 1t 1s central-vasc motor and is sinvltanecus with

Other organs - evidence which we subumat z2n spleen and Kidney changes.,



Lo

G fRaan
D aao Ao 5Socon Foge Livg. S Sec
QAR AR AR AR RAARARNNIINRRR SRR AR RRNRR ARR AR ARARRARARR AR AR L ARRAE




«50 -

igure 16.

INTESTINAL VOLUMF AFTER TRI MFTHYL TIN BROMITF.

Herewith 1s shown the acticn of tri methyl tin bromide
on respiration, blcod pressure znd intestinal vclume. As far as
e could deterrmine thele was no change in intestinal vc lume
(shown poorly heie). Respitation ceased for a time when each
(7.5 cc. 1-75 sol.) injection was given - the second injection
ceing as pronounced in effect as the first. The effect on blcod

bressure was likewilse the same,
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Fagcure 17.

INCRFASFD ACTIVITY OF ADRFNALIN A¥TER ORGANIC TiIN.

Thais fngre shows thé acticn of zdrenalin after tri methyl
tin bromide. This actzen 1s much woie ;rcnpunced after organic
tan than before 1its injecticn. 1n another figure (fagure ) when
respiraticn had ceased and injection ¢f adrenalin shcued remark-

- able powexr of branging the =znimal back (for a time at least) wlen

other similar drugs would probably have failed.
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Fizure l&.

LUNG VOLUMF USING TRI METHYL TIN BROLIDF.

Figure l& shows the etfect of tri methyl tin ktromide
on lung volume. A marked constriclion (« decrease 2n volume)
occured after an anitizl dose - of codeine vas given. TFollowed
by an injection of tri methyl tin bromude dilatatzicn failed to
occur (prchably a slight additional constrictilon instead) .
Adrenalin, however, caused the usuzl dilatation after the tin.
compound.

Another injecticn of tri methyl tin biemade (not pre-
ceded by codeine) produced a very slaight constriction - and in-

cidently deathi tc the animzl.






FIGURE 19.

LUNG VOLUMF. USING TRI MFTIYL TIN BROMITDF.

In this experament increasing doses of tr:
methyl tin brcmide was given. There was, 1n nc case, a marked
effect - merely a slight (probably) diminuticn in lung velume.
Yo drugs preceded this action as d;d so in Fig. lo.

The changes in the blood pressure follov the
general rule of klood pressure changes recorded elsewleze.

The effect aere 1s similar to that recorded in Fag. 1z,
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FIGURE 20.

LIVER VOLUME ATTFRK TRI METHYL TIN BROMIIF,

By placing a liver cnccme ter on the left lobe

| cf the liver we were able to study changes in liver vclume,

Ve could detect no change in liver volume when tri methyl tin
~bromide was given intravenously an moderately sized doses.

We are in need of furtler proof for the above obsexrvaticn, how-

ever, as we are not sure that this holds in all cases,
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Fiogure 21

PULMONARY BLOOD PRESSURE AFTFR TRI METEVL TIN BROMIDE.

Figure 21 shows the action of tri methyl tin bromide on
pulmonary blood pressure. The usual effect of a slight rise
(dque to volume injected) in systemic blood pressure followed by
a2 prolenged fall in pressuxre 1s represented Lere —.Whlle there 1is
no such markedvchange in trke pulnonary blood pressure - Just &
slicht lowering due piobably to a weakened heart muscle. This re-
cord was made by placing 2 cannula in the raight carotid artery and
one in the ieft pulmonary altery - having tlese twc canulae connected
to separate manometers for Irecording blood pressure and having them

recorded sicwultinecusly.
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Figure 22,

PULMONARY BILOOD PRESSURE AFYTFR TRI MFTHYL TIN BROMITE

There 1s shown in this figure the same phenomena
as was recorded in Figure 21,
The explanation of this phencmena 1s given an note

| fox Figure 21.
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TIGURFS 23 and 24,

THE USE OF LOBELIN IN EXPLAINING TEF SEAT OF CARDIAC

ACTION QF TRI MFTHYL TIN BROMIDE.

In figure 23 there i1s skown on the left the typical
effect of tri methyl tin brom;dé (1.e. tefore lobelin).

Af'ter the animal kad returned tc ncrmal a sufficlent amcunt
of lobelin was given tc paxalyze the ganglia (vagus) to

the heart. These doses of lobelin storred respiraticn so ‘
that 1t was necessary to resort toc artificiel respilraticn
during the remaindexr of the experiment.

After the effect of lcbelin had worn off to some ex-
tent (See Fig. 24) 11 cc. of tri metlyl tin brcmide (1-75 scl.)
was given. Kespiration was out (artificiel 1espiration
being used) so no effect was Ieccided here.

There was, however, a marked effect cn tlocd pressure--
a very decided droy in pressure with the heart actilon Tre-
sembling & vagus inhibation. It was because of this suspric-
lcus vagus effect that several small dopses of atircrine were
given., One notes that at the *oint wheie & sufficient amount
of atroplne»(enough to paralyze the vagus endings) was given
the heart was accelerated and tmt the blcod pressure rose.
This indicates a certain amcunt of vagus action (peripheral

endings) .
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FIGURES 25 and 26.

1.THE USE OF ATEOPINE IN FXPLAINING THE SFAT OT CAFDIAC

ACTION OF TRI MFTHYL TIN EROMIIE.

2. EFFECT ON INTFSTINAL VCLUME.

S e © ¢ 8 ¢ 0 e oo

l. Cardiac Effect.

In Yigure 5. we have recorded the tyrical
effect of tri methyl tin bromide on tlood rressure and res-
piration. One notes in the heert action a vagus-like effect
and 1t was fox this reason that we wished to study the effect
of this compound after atrcrine had been given in sufficient
amount to palralyze the vagi (cardiac) endings. Thils we dad
as 1s recorded in Figure 26 (left). Proof of this paralysis
1s shown by staimulation of the left vagus nerve witk nc car-
Giac anhibition--though there was a respiratory effect.

Thus after this amount of atropine had been
given another injection (7.5 cc. 1-75 sol.) of tri methyl
tin bromide was given. The effect produced on respiraticn by
this second injection is the same as was produced by the first
injectiicn of this compound. The effect on respiration is a

fzll, but on the heart tkeie 1s no vagus-like acticn, so we

ccnclude that the vagi are baralyzed. We feel that the effect
of this second injecticn on the heart as a depressive muscular

action.
We have shown brevicusly what we believe to

be a mild_perlpheral vagus stimulation, and with the above we
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FIGURE 27. -

R

FFFECT OF TYING THE VAGI NERVES AFTER INJECTINC AN OR-

GANIC TIN_COMPOUND (TRI METHYL TIN BROMIIF)

" One will notice that cn the first injectlon
of this tin compound that the heart effect seems to be
due to vagus action peripherally and centrally similar
in many respects to the action of orgahic lead.

Both vagi were tied after this first injec-
tion, causing a momentary depressicn in klood pressure
to be followed immedlat?ly by a slléht rise corresponding

to & break in inhibition of the vagi, which speaks foI

. per ipheral actione

Soon after the vagi were tied the blood pressure
dropped to a very low level due to the latent toxicity
present. Adrenalin was ncw injected which produced the
characteristic rise in pressure, which rrcves the peri-
pheral apraratus to be still active and antact. After the
effect of the adrenalin wore off the animal died even though

i1t was given artificial respiration.
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ACTION OF DI METHYL TIN BROMIDE ON THE HEART - SMALL DOSF.

This myocardiogram 1s shkown to lllustrate the
effect of small doses of this alkyl tin brcmlde cempound
on the heart. As reccrded there i1s & slight effect
(diminuticn) on diastcle btut no change in systole. The
blcod pressure is raised - due to volume injected. Lar-
gexr doses of this same compcund produce changes in the
heart comparable to those produced by like doses of da

ethyl tin bromide.
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FIGURE 29.

ACTION OF DI-ETHYL TIN BROMIIK ON THE HEART - SMALL IOSF.

The effect - as shown in this myocardicgram 1is sim=-
ilar to the effect produced by small doses of di methyl
tin bromade. There 1s a slight change (diminuticn) in

diastole but nc arpreciable change in systcle,.
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FIGURE 30.

THE FFFECT CF LARGER IOSES OF DI METHYL TIN BROMIDE ON

ART.

lﬂ
i

Herewith 1s shown the effect of a relatively
large dose. of thas compound on the heart. There is at
first & primary stimulation of both diastole and systcle
due pr obably to the temporary fall in blood rpressure.

This 1s followed by a marked diminution in both diastole
and systole - due to direct muscular depiessicn of the
heax t,

Followed by vagus stimuleticn this figure shows
the vag to be intact and whken staimulated produce tyrical
Vagus action.

A seccnd dose (same amount) of the compound is
now injected. The effect is the same zs was produced by
the initial injection but much more marked. Convulsive
movements zlso took place as shown an temrcrary changes
(rise and fall) 1n.blccd pressure, This 1s recorded near the

end of the faigure.
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FURTHFR ACTION OF DI FTHYL TIN BEOMIIE QN THE HEART AFTER

—

ADRENALIN.

This figure 1s a continuaticn (same experiment)
of Figure 3C. The dog became very weak (vlcod pressure
low, etc.) and 1t was for this reascn that zdrerelin was
injected. The tyrical acticn of adrenalin is here recorded.

The injection of adrenalin 1s followed by an
injection cf di ethyl tin rromide. The effect produced is
swmilar in nature and extent as was prcduced by previcus

injections ofthis compcund shown in Figure 3C.
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FIGURF 3%.

ACTION QF SODIUM TIN BROMIDE QX THF HEART - LARGF DOSES.

This tan compound seems very toxic for lzboratory
animals. Ve feel reascnably sure that 1ts effect 1s not
due to embcli (coronary) as we iested 17 solution of this
compound with bloed in a test tube previcus tec injecticn
and noted no change.

Ve see, however, in this experiment that the action
on the heart 1s ver)y rrornounced. There is a2 marked diminu-
tion in systcle and diastole to complete storpage of the
heart. Heart massage and adrenalin failed to revive tkLe

arimal,
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FIGURE 33.

ACTION OF SODIUM TIN TARTRATE ON THE KEART.

This figure shows that the compound sodium tin
tartrate has no effect on the Leart or blcod pressure.

The effect on the heart was recorded by means of a myocal-
diogruph. This observation 1s in keeping with data submitted

later, this data showing sodium tin tartrate to be inert

as far as heart acticn andé 1espriration are concerned.
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TICURE 34.

ACTICN OF INHALED TRI PEENYL TIN IODITF ON RFSPIRATION AND

BEOOD PRESSURE.

Methcd of Administraticn.

Abcut 1 gram cf this salt 1s
rlaced 1n a test tube = the test tube being ccnnected by
means of a rupper rose to a tracheal cannula (£ way one=--
for ether and for air).. The ether s discontinued af ter
which a fiame is placéd under the test tube containing
| the volatile tin compound. By this method the fumes of
tri phenyl tin brom2de are taken into the resparatory tract
and the effecl on resrirsticn and blodd rressure reccrded.

As shown respiration 1s diminished
in rete and volume. RBlood pressure is lowered at the same
time. It was necessaxy later to 1esort to artiaficial res-

riraticn, even though the fumes had been remcved some time

before.,






FIGUEE 35.

=L

ACTION OF SODIUM TIN TARTRATE ON BLOOD PRESSURE AND RFSPIK-
ATION.

A large dose of this compound ( 35 ce. ) was injec-
ted intravencusly. As shown there was no change in respir-
ation and no change in blcod pressure except a slight tem-
rorary elevation (due to large volume 1njeoted5 wrhich re-
turned to ncrmel quickly. In all cases whexre this compound
was given the same phencmenon occurred., This in marked ¢ on=-
trast to the effect of the alkyl organic.tin ccmpounds on

blood pressure and resplration.

This tracing shows the acticn cf graded doses as

well as the larger dose of 35 cc. 1% soluticn.

We conclude in this case that Scdium Tin Tartrate

is & relatavely inactive compcund.



F’,‘Z, J6.



- (-

FIGURE 36,

EFPECT OF SODLUM TIN BROMIIE IN SMALL TOSES ON BLCOD

PRESSURF AND RESPIRATION.

Small doses of scdium tin vromide produce laittle

or no change in either blcod pressure oI respiration.
Large doses produce similar changes 1D tlood pressure and
respiration as did like doses of the alkyl tin bremide
ccmpcunds - but milder 1in nsture. The effect on respir-
ztion, hcwever, 1s much less marked than with the alkyl
tin bromide.compodnds. It is diffacult to estimate how
much of the respiratory stimulatlon 18 due from the as-

phyxia caused by the sudden dror in blood pressure€.
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FIGUEE 37.

|

EFFECT OF SODIUM TIN BROMIIF IN LARCE DOSF ON FXPFRINFIIAL
AVIMAL.

As shown in this tracing the effect of a very laige

dose of scdium tin bIlede‘ls very similar to the effect
produced by a like dose of the true alkyl tan bromide com-
rounds.

In this experiment the effect on 1espiration was
the primzry depressive, secondary stimulation followed by the
usual tertiary depression- in this case tctal surpressicn
and death. |

The effect on blood pressure was Ino primary elevaticn
(due tc volume 1njected) followed by a marked fall in press-
ure to zero. As stated before asphyxia plays an impor tant

rcle here,






ACTION OF TIN (STANNIC) BROMIDE QN BLOOD PRFSSURF AND

RFSPIRATION,

We have shown here the effect of four, graded
doses of tin bromide on resplratlon ard vlccd piessule.
As shown, small doses have no effect on either respiratilon
or‘blcod piessure while largei doses affect both. Kespir-
ation is slightly stiimulated and later depressed, to res-
piratory failure often, while blood pressure shows a maxked
fall to zero af stimulants are not given. We feel that some
of the increase in resplratory movements may be due tc the
fall in blood pressure, 2.e , due to the asphyxia which 1s
produced. As & comparison of this salt with sodium tin
bromide and sodium bromade we feel that 1t (8np Bry) s less

active than Nazsn Br6 but much more active than NaBr.






FIGURE 38«

ACTION OF SO0DIUM BROMIIE ON BLOOD PRESSURE AND EESPIRATION.

We include this figure as a comparlscn Using the same
sized doses tetween sodium brecmide and tin (stannic) o=
mide.

Comparing the results obtained here with those cbtaired
in Figure -36 one can see cleaIlly that the tan brcmide has
e much more depressant effect than has sodaium brcmide. For

this reason we feel that the activity i1s due mainly to the

tin (stannic) radicel rather than to the bromide radical.
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FIGURE 40,

ACTION OF TIN (SBTANNIC) OXIDE ON BLOOD PRESSURF AND RES-
- - PIRATION,

We submit these tracings tc show the acticn of
tin ccmbined with a relataively harmless ra@lcél (0xa1ge).
In this way we are zble to ccmpare the actavity of Tuin
Bromide &lth the Tin Oxide. In very lerge deses (3C cc.
1% sol.) there is much less activity shown than when equal

amounts of the zlkyl tin compounds are injected.
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I. Absoruticn:

Soluble Organic Tin Compounds are absorbed by

the gastrc-intestinal tract, subcutaneously,‘intramuscularly
or intravenously. Proof of their akscrpticn lies in the
following'facts that (1) they rroduce toxaic signs and sym;tcgs
and (2) that tin 1s fcund in the urane 36 tec 72 hours af ter

administraticn - time of detecticn depending cn rcute given.,

The above data follows very closely the facts
concerning the absorption of lead. Both tin and lead have been
repor ted by other workers as capable of being abscrbed thru

the skin. We have done no werk concerning the absorption of

organic tin compounds via this route.

Insoluble Inorganic Tin Cempcunds are akscrbed

after intraperitoneal injection. Prcof of their absorpticn

15 (1) Toxic symptoms produced (2) Detection of tin in the
urine and (3) in one instance the odor of one ccmuound (tra
ethyl tin hydroxide) could be detected on the animal's breath,

| We fee; reasonably sure that these compounds could
be absorbed via respiratery system. Other rcutes offer no ad-
vatages for absorpticn as these compcunds are Very insclutle

in all the ordinaiy solvents.



I1I. Poisoning:

Soluble Organic Tin compoundsare capable of rxo-

ducing signs and symptoms cf acute tin pcisoning when given

in sufficient doses by mouth. These compounds are carable of
rroducing the same (ﬁhcugh less severe and mere chronic) symp-
toms when gaven subcutanecusly oz intramuscularly. When gaven
intravenously pcisoning and death occur quickly - the lethal

dose varying with the individual (exverimental) animal.

Inscluble Organic compounds de net prrcduce signs of

tin poisoning by mouth. They do, however, when given intrareri-

teneally and produce death in small doses (700 te &CC milligrams) .
Ve feel that, 1n excessive amcunts, the respiratory

tract offers a route of absorption and from cur data 1t seems

evident thet poisoning does occur zfter such absorption,

III. Relative Toxicity of Comuounds.

The activity of the soluble organic tin compounds
and tke lnscluble compcunds as well,is in direct prcrortion
to the relative amount of tan present in the molecule. Ve con-

clude from thisobservation that these organic compcunds owe their

activity in a major degree to the tan atom rresent.

IV, Latent Toxicity.

In some cases (relatively few) gfter an initial
injection of an organic compound the animal revives for some min-
utes and allowing the dog to have Plenty of air and restoratives
(stimulents) we are not able to Save the animal's life. We expla in

this effect as being one of latent toxicity,



V. Idiosyncresv.

Many drugs show an idiosyncrasy tc scme indi-
vaduals and 1in somecases. In the case of the crganic tin com-
pounds we hzave found that it requires a very small dose to kill
geme animals or to render them inactive tlereafter. We explain

this zction as being one of special (or individual) 1diosyncrasy.

VI. Pathology.

(A) Externally (Mucous Membranes)

We have shown that the fumes of the inscluble organic
compounds are very 1irritating to the nasal mucous membrane of
the exper amenter (man) and to the Iesplratcry muccus membrane
of the experimental arimal (dog). The Treaction produced in each
case 1s one of simple inflammation,

(B) Locally (At Site of Injection)

The soluble organic compounds prcduce at the site of
injection (i.e, either subucmtaneously cor intramuscularly ) a
marked reaction--inflammatory an hature. This reaction persists
for about ten days after which timeit subsides.withcut leavang
any signs of necrcsais.

(C) General (Systemic Effect.)

VWhether these compounds are given by meuth intraver-
cusly, intrazperitoneally (insoluble ones), intramuscularly or sub-

cutaneously & systemic toxic effect is noted. This takes the

nature of a gy stemic poisoning or toxemia, A1l Organs are affecteq,

the heart, liver and kidneys showing the greatest damage. The

reaction (general) produced is typical for Systemic roisons

(D) Specific (Organs and Tissues) .

(See notes ofpathological changes prcduced under

Specific organs and tissues.)
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VII. Actaon on Heart.

We have shown two different and independent heart
effects viz: (1) & peripheral végus stimulation which slows the
heart and a (2) direct depressive effect on the heart muscle.
These two phenomena are variable as either may zct alone (inde-
pendent of the other) or in o njunction with tke other. A
third (3) phenomenon may be present viz. a central vagus stim-
ulation as the vagus center is near the respiratery center anad
vaso-motor center and we have felt that there may be some certral
vagus stimulation., It will regquire some further exrerimental
work to prove this point however.

Myccardiograms shcw clearly the depressant action

on the heart muscle as shown in changes in the ventricle.

VIII. Effect on Respiration.

Ve may summarize the effect on respiratien in

three phases, viz,
(1) No effect after small doses.
(2) Central action (Respiratcry Center) in larger doses- gs

(A) Praimary stamulation

(B) Secondary Depression.
(3) Very Large Doses.

(A) Stoppage of Respiration due to marked derression
.(suppress1on) of the respiratory center or over stimulation of

this center leading to stoppage.

(B) Stdmulation cf respiration either central stimula-
tion, asphyxial or both.

(CJ Tertiary depression of center some times to stoppage
. - ’
but never to a previous return of normal Iespiration,



IX. Systemic Blood Pressure.

All the socluble organic tin cecmpounds produce a rrimaxry
rise in pressure (due to volume injected) followed by a marked
fall (due to a weakened heart muscle and}to vagus stimulation).
The blecd pressure returns to norma. after some minutes due
in part to some vasc-constriction (stimulation of vaso-motor
center). Inscluble inorganic tin compcunds whgn inhaled produce

a slight loweXxing of pressure,

X. Pulmcnary Blood Pressure.

There is produced when soluble organic tin compounds are
given intxavenously a slight lowering of Pulmonary preséure due
we feel to a keakened hear t muscle,

XI. Splenic Volume,

There 1s a marked diminution ‘(contraction) in splemac

volume, We explain this phenomenon on the basis of vVaso=-constric-
tlon or vaso-moter stimulation in the medulla. This causes a
rise in blood pressure as the spleen (and other organs) contract,

XII. Kidney Volume,

The same principle is involved here as 1n case of syplenic
volume. Our records show a diminuticn in kidney vclume also.
XIII. Bladder Contractions.

Soluble organic tin compounds produce contractions of
the bladder which are secondary to the asphyxi&. (produced by

lowered blood pressure).

XIV., Intestinal Volume.

We found-'no appreciable change in intestinal vo lume

after intravencus injections of soluble organic tin comrounds,



XV, Liver Veclume.

There is 2 slight diminution in liver vclume
(due tc vaso-constriction) wken soluble organic tin compounds

are given intravenously.

XVI, Lung Volume,

The one scluble organic tin compound tra
methyl tin bromide failed to precduce any appreciable change
in lung volume, . After several injecticns, however, there
seemed to be a very slight diminution in lung vclume. This
firding is in direct contrast to most other heavy metals as scme

dilatation (increase in volume) uis generally produced.

XVII.Stomzach Contractions.

Soluble organic tin compounds do not produce
any change in stomzach contracticns after these contractions are

aroused by previous injecticns of bar ium.

XVIII. Effect of Inhaled Insoluble Compcunds.,

(1) Man (Nasal Mucous Membrane)

The fumes of the insoluble ccmpounds when

inhzaled glve one an intense i1rritation and a severe headache

which lasts for severzal hours.

(2) Dog's EBronchial Mucous Membrane,

Wnen the fumes of the insoluble organic tin
compounds are given to a dog lntratracheally there 1s a2 marked
depression of respiration (in rate ancz depth of breathning). The
blood pressure falls and the heart action becomes weaker, Dezth

would occur, we believe, if the fumes Were not removed,
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XIX. Excretion.

Soluble Organic Tin Compounds when given intra-

venously, subcutaneously intramuscularly or by mouth are excre-

ted in the vurine.

.

inscluble QOrganic Tin Compounds when given intia-

periteneally are excreted by the lungs (evidence 1s odor on
breath), in the urine and in the gastric contents.

We f:el 1easonably certain that tin (like lead)
is excreted in varicus other secretions. In order to prove this

roint, however, additional experiments must be perfoimed.

xx.‘ggggzy

The cause c¢f dezth from both the Oorganic and 1inorganic
tin compounds 1s a respiratory feilure (depression and baralysis
of the respiratory center) as feéplratlon Ceases long before the

heart action,.
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