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INTRODUCTION

The purpose of these studies has been to
' attempt to clerify the mode of action of dithiols
when administered to animals poisoned with gold,
mercury, or lead. For an understanding of the
| problems involved, it 1s necessary to review briefly,;
' the evidence which led to the introduction of di-
thiols as antidotes to poisonlng by first, arsenic,
Eand secondly, various other metals.

After the identification of thiol groups in
living cells, Ehrlich suggested, in 1909, that
- arsenic combined with the thiol groups of tissue
; constituents, and exerted its toxic effects as a
result of this combination. Direct evidence in
| favour of this view was provided by Walker (1924,
| quoted by Stocken and Thompson, 1946a), who investi-
gated the action of arsenicals on dried muscle
; powder. He found that the arsenicals caused a pro-
' gressive inhibition of certain catalytic effects

shown/



shown by this preparation, and that it was accompan-

led by a disappearance of protein thiol groups.

Rosenthal (1932) established that trivelent arseni-

- cals dld combine with the thiol groups of tissue
. proteins.

Many important enzymes depend on free thiol

| groups for their activity (Hellermann, 1937; Barron

and Singer, 1943; Peters et al., 1946). One enzyme

in particular, pyruvate oxidase, was found to be

| markedly inhibited by arsenlc (Peters, 1936; 1937).

| Peters suggested that this enzyme contained essential

. thiol groups; and this was supported by the fact

| that iodoacetate, which was known to combine with

f thiol groups (Dickens, 1933), is also a potent inhib-

itor of pyruvate oxidase. Eventually, the existence
of essential thiol groups in this enzyme was demon-

strated (Barron and Singer, 1945; Peters and Wakelin,

| 1946). Present knowledge of the central position

of this enzyme in cell metabolism makes 1t obvious
that any inhibition would cause widespread effects.

Meanwhile, Voegtlin and his associates had

. found that simple monothiols, such as cysteine and

reduced glutathione, could diminish the trypanocidal

and/
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. and toxic effects of oxophenarsine or sodium arsen-
ite (Voegtlin et al., 1923, 1925; Rosenthal and
Voegtlin, 1930). It was also shown that the re-
 duction In oxygen consumption of animal tissues

. caused by oxophenarsine or sodium arsenite, could be
prevented by the addition of glutathione (Voegtlin ?
et al., 1931). In a8ll these experiments, however,

8 large excess of the monothiol was required in order
| to antagonize the action of the poison. Glutathion%
| is also capable of abolishing the anti-spirochaetal
action of oxophenarsine, but again a large excess
of glutathione is required (Eagle, 1939).

Schmitt and Skow (1935), investigating the
action of arsenite on nerves, found that glutathione
" and cysteine could delay the extinction of the nervei
. action potential by arsenite; but even high concen- |
trations of monothiols could not prevent the eventual
extinction, nor could they reverse it once it was |
established.

Lewisite was found to be a more potent inhibi-
tor of pyruvate oxidase than were any of the thera-

peutic arsenicals, and monothiols were unable to

afford/



afford any protection against this substance (Peters
et al. 1946; Stocken and Thompson, 1946b).

Cohen, King and Strangeways (1931), studying
the resctions between aromatic arsenicals and thiols,

found that the equilibrium -
| RASO + 2R13H = RAs(‘SRl)8 + HgO
is shifted to the left as the pH increases. Excess
of thiol favours the opposite reaction. However,
Strangeways (1937 ) showed that, in dilute solutions,
' hydrolysis of thioarsinites predominates, and the
protection afforded by glutathione against oxophen-

arsine becomes less complete with progressive dllu-

tion.

Thus it was evident that monothiols could afford

some degree of protection against oxophenarsine, but
' not against the more toxic arsenicals. It seemed
| probable that this veariation in activity was due to
' differences in the degrees of dissociation of the
respective thioarsinites.

The advent of the war in 1939 initiated an
investigation, under the directlon of Peters, into
the actions of arsenlcal war-gases. The reactions
of arsenicals with proteins were investigated, using

the/
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the thiol-conteining protein, kerateine. Analyses
of the arsenical-kerateine complexes showed that the |
arsenic had combined solely with thiol groups, and
Ethat most of the arsgenlc appeared to be in combin-
ation with two adjacent thiol groups, forming a ring
structure (Stocken and Thompson, 1946sa). This evi-
dence suggested that, 1In order to remove arsenic
from protein, a dithiol, capable of forming an even
more stable cyclic thioarsinite, would be required.
132 2,- or 1 : 3,-substituted dithiols were the
obvious choice, since these would form five- or

f six-membered rings:i-

| /

~C—=3 SC—s
, >As— 0r \C< \As—
| T \

. It may be noted that support for this concept was
| glven later by Whitteker (1947), who synthesized a
series of dithiols, and found that those forming
such rings had the highest antidotal activity.
Several dithiol compounds were prepared and
tested for theilr ability to protect the pyruvate

oxldase/
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. system against inhibition by lewlsite and to cause

survivel of animals conbamlnated with lewisite.

The dithiols were generally quite successful in

| these tests, but one, 2,3-dimercaptopropanol, was

considered more suitable for therapeutlic purposes

because of its physical properties and lower tox-

icity. It was therefore subjected to further test-
ing as an antidote to lewlsite or arsenite polsoning
in animals, and then for its ability to prevent .
vesication by lewlsite in man. The results of all
these experiments indicated a high antidotal activ-
ity (Stocken and Thompson, 1946b). This conclusion:
was completely confirmed in later studies, both in
experimental (Stocken et al. 1947; Eagle et al. !
1946; Riker, 1946; Harrison et al., 1946a and b; !
etc.) and in clinical cases of arsenical poisoning
(Longcope et al. 1946; Carleton et al. 1946; Eagle
and Magnuson, 1946; Carleton et al. 1948; etc.).
2,3-dimercaptopropanocl was named British Anti-
Lewisite (B.A.L.) during the war, but since then has
been termed dimercaprol. It is a fairly toxic |
substance, and this has prompted investigation of

related compounds for thelr anti-arsenical activity

and/
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|and toxicity. Beslides those substances tested by

| Stocken and Thompson (1946b), a number of other

'dithiols have been studled (Chenoweth et al. 1946;

Fitzhugh et al. 1946; Weatherall, 1949). So far,

'only one substance, the glucoside of dimercaprol

 tages over dimercaprol itself (Danielli et al. 1947).

(BAL-Intrav), has been shown to possess any adven-

' This substence is much less toxic than dimerceprol

and possesses considerable anti-arsenical activity,

 though it does not appear to be as effective as

| When the effectiveness of dimercaprol in arsenical

dimercaprol when administered after polsoning with
arsenic has been established (Weatherall, 1949).

polsoning had been demonstrated, investigations were |

extended to polsoning by other metals. Meny heavy

'metals readily form mercaptides, and a number re-

'act with dimercaprol, giving almost insoluble,

coloured compounds (Barron et al. 1947).
In the case of mercury, previous observations

tended to support the view that compounds of this

' metal reacted with essential thiol groups in enzymes

(Hellermann, 1937). Eagle (1939) obtained reversal
of the spirochaeticidal action of mercury by gluta-
thione;/



| glutathlone; and the latter substance prevented the |

8.

inhibition of growth of Esch coli by mercuric

' chloride (Fildes, 1940). Glutathione ecan also

reverse the inhibitlion of the pyruvate oxidase

' éystem of gonococeci caused by p-chloromercuri-

benzoic acid (Barron and Singer, 1945).

Thompson and Whittaker (1947) found that both

dimercaprol and glutathione could protect the pyruv-;

ate oxidase system of brain from inhibition by

- mercuric chloride, but Barron and Kalnitsky (1947),

- using the enzyme succinoxidase, reported that dimer-

- caprol was definitely superior to glutathione.

The results of a large number of animal experi-
ments have shown that dimercaprol can counteract

the toxic effects of mercuric chloride (Braun et al.

1946; Gilmen et al. 1946a; Ginzler, 1946; Stocken,

1947; Graham and Hood, 1948), and of organic mer-

curials (Long and Farsh, 1946; Handley and Ia Forge,

1947; Sussmann and Schack, 1947). It has also

been found that dimercaprol glucoside 1s more

effective than dimercaprol in preventing the toxic

| effects of mercuric chloride, by Harrison and

Randoll (1948), using a tissue-culture technique;

and/



and by Gilman et al. (1946a), studying the acute
polsoning of rabblts and dogs.

Clinical reports have confirmed the effective-
ness of dlmercaprol therapy in acute mercuric
chloride poisoning (Longcope and Luetscher, 1946
and 1949).

Gold salts inhibit the pyruvate oxidase system,
and this action can be prevented by dimercaprol |
(Thompson and Whittaker, 1947). Dimercaprol
decreases the toxicity of .gold sodium thiosulphate
in mice (Swanson et al, 1947), and can increase
the survival-time and growth-rate of rats polsoned
with certain gold salts, but the dimercaprol-gold
complex appears to have an injurlous effect on the
kidney (Levey and Smyth, 1947). However, Kuzell
et al, (1948) reported that dimercaprol could prot-
ect rats against a lethal dose of gold sodium thio-
‘sulphate injected intremuscularly, but not against
a lethal dose of gold chloride given by the intra-
peritoneal route. Clinical reports have indicated :
a favourable response to dimercaprol therapy in
cases of toxlec reactions to gold (Cohen et al. 1947;j
Lockie et al, 1947; Margolis and Caplan, 1947;

Ragan/
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Ragan and Boots, 1947; etc.).
The treatment of experimental lead poisoning

by dimercaprol has produced much conflicting evidence,

 Braun et al, (1946) found that dimercaprol increases

- the mortality rate of rabbits injected intraperi-

. intraperitoneal injections of lead acetate, but di-

toneally with lead nitrate, but decreases the
mortality after intravenous injection of lead aceb-
ate (Braun et al. 1949). On the other hand,
Germuth and Eagle (1948) reported that dimercaprol |
failed to protect rabblts after intravenous or sub-
cutaneous injection of lead acebtate, though the i
excretion of lead was lincreased. The latter finding
was also reported by Ginsburg and Weatherall (1948).5
Weatherall (1948) showed that dimercaprol had little?

. effect on the mortality of mice recelving repeated

' mercaprol glucoslide caused a significant reduction

in mortality. He also found that the anaemla of

. acutely lead-poisoned rabbits could be diminished

. by both dithiols. The nephrotoxlic action of lead

in rets can be prevented by dimercaprol (Chlodi and
Sammartino, 1948). However, dimercaprol has little
effect in increasing the excretion of lead in more

chronic/
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chronic phases of poisoning in rabbits (Adam et al.
1949) or mice (Anderson, 1949).

In clinlcal cases of lead poisoning, dimercap-
rol therapy has been found to increase the urinary
excretion of lead, but conflicting opinions have
bean'given of its possible therapeutic value (Ryder
et al., 1947; Telfer, 1947; Longcope and Luetscher,
1949).

Dimercaprol has also been reported to reduce

' the mortality of animals poisoned with cadmium

(Gilman et al. 1946b; Toblas et al. 1946; Harrison

et al, 1947), antimony (Braun et al. 1946; Eagle et

| al. 1947), bismuth, chromium and nickel (Braun et al.

1946), tungsten and copper (Braum et al. 1949).

Dimercaprol is stated to be ineffective in poisoning

' by iron (Edge and Somers, 1948), silver (Olcott and

Riker, 1947), thallium and selenium (Braun et al.

| 1946), vanadium (Braun et al. 1949) and uranium

(Macnider, 1948; Braun et al. 1949). These con-
clusions are by no means unanimous. For instance,
Gammlll et al. (1947) found that dimercaprol inc-
reased the toxicity of various antimonials; Graham

and Hood (1948) reported that dimercaprol had a

| deleterious/
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‘deleterioua effect in poisoning by bismuth. It

| seems likely that these findings are largely con-
iditioned by the methods of poisoning and treatment.

| The following studies of the effects of dimer-
Ecaprol or dimercaprol glucoside on the distributions
. | of mercury, gold and lead, were undertaken in an

‘work has been carried out by Tepperman (1947) in

attempt to clarify thelr antidotal actions. Similar

in the case of lead, and by Bruner (1950) for zinc.

| These experiments also provided an opportunity

Ifor a fresh examination of the distributions of

mercury end gold.

the case of cadmium, by Ginsburg and Weatherall (1948

-



13.

METHODS
Materials:- The dimercaprol was a water-purified;

sample, and was stored in a refrigerator when not in |

use. Solutions in 66% (V/¥) aqueous propylene gly-

col were made up freshly as required.

Dimercaprol glucoside was recelved as the bar-
ium salt, contained in nitrogen-filled empoules. i

Solutions of the free dithlol were obtained by add-

ing sulphuric acid to an aqueous suspension of the

barium salt, and centrifuging off the barium sulph-
|
ate. Complete removal of the barium was ascertained|

by observing the absence of a precipitate after the

- addition of saturated sodium sulphate solution, and

the solution of the dithiol was neutralized with

sodium hydroxide. All dimercaprol glucoside solu-

tions were made up freshly immediately before use.
The impurity of the preparations of dimercaprol |

' glucoslde necessitated estimations of the thiol con- |

tent of each solution, by means of iodine titration.
N/10 iodine was titrated against the dithiol in the

presence/
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presence of N. hydrochloric acid, and at a tempera-
ture of 0°C. A less sharp end-point is obtained
if the tltration is carried out at room-temperature.
!All doses of the glucoside were calculated from the
'estimated thiol contents. This procedure gave
Islighbly variable results, but is probably more
satisfactory than calculating the dosage from the
‘weight of barium salt used (Weatherall, 1949).

l:3-dimercaptopropanol was syntheslized by
Dr. L.A. Stocken, and l:i4-dithloerythritol by Dr. L.
'N. Owen. Both substances were of 95-100% purity,'
'and were dissolved in water for administration.

The parathyroid extract used in the sub-acute

distributions of lead was & commercial preparation

| ("Parathormone" Lilly).
(@i th " Tilly)

The radio-active 1sotopes of gold and mercury
198 203-205
(Au. and Hg. ) were obtained by neutron
irradiation of the respective chlorides at the
éAto:mic Energy Research Establishment, Hearwell. The
irradiation caused the formetion of radio-asctive
e
chloride (Cl3 ) as well, and it was necessary to
' remove the latter in order to prevent interference

|
iwith the estimation of radlo-activity due to the

imetal/
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'metal alone. This removal was carried out by

dlssolving the salt in water, and reducing it to
the metal with stannous chloride in the case of
mercury, and with ferrous sulphate in the case of
gold. The metal was centrifuged off, and the

supernatent liquld discarded. After washing with

water, the metal was dissolved in aqua regla, and

' gently heated almost to dryness. Drying was com-

pleted in a vacuum desiccator.

In the case of gold, solutions for injection

were prepared by adding a trace of the isotope to

solutions of gold chloride. The poor specific act-
ivity of the mercury necessitated its quantitative
transfer to injection solutions.

One radio-activg isotope of lead (Thorium B,
Pbala) was obtained from the deposit on a charged
button exposed to a thorlum source. The button wes
heated gently in a slightly acidified 0.01% (w/v)

solution of lead acetate, so that the Pbala

exchanged for part of the lead in solution. Further

| lead acetate was then added according to the desired

. 210
dosage. The other isotope (radium D, Pb ) was

| obtained from sn equilibrium mixture of radium D, E,

and/
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and F, by displacing the radium E and F with nickel,
added as foll to a solution in hydrochloric acid.
A small quantity of the resulting solution of radi-
un D was added to a solution containing lead acet-

' ate, so that the final solution contained 2.07mg.

' of lead and 2-3 microgcuries of radium D per ml.

The concentrations of gold, mercury, or lead

- solutions were adjusted so that a volume of 1l.0ml.
was injected per kg. of body weight. The solutions
were rendered isotonic with dextrose, and were |
' neutralised before injection. Solutions of mercuric
' chloride tended to be rather acid, however, as the

| further addition of alkali caused the formation of

' insoluble basic chlorides.

The relevent physical properties of these 1so-

| topes are summarised in Table 1.

Table 1/
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Table 1.

Approx. activity
per ml. of

Isotope Half-1ife B=radition Y-radiation injection solution,
198

Au 2,7 days 0.96 Mev. 0«44 Mev. 200p.C.
803-205

Hg 51l.5 days 0e3 Mev. 0.28 Mev. 3=51C .,
213

Pb 10.6 hours 0.36 Mev. - 200-400uC.
210

Pb 22 years 0.03 Mev. 0,05 Mev. 2=3u.C .
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ANTIMATLS: - Adult rabbits, of both sexes end
varlous breeds, were used throughout these experi-

ments. Injectlons of gold, mercury, or lead solu-

' tions were made into the marginal vein of one ear,

each Injection lasting 2-3 minutes. The animals
were then placed in meteabollsm cages. Water was

allowed ad libitum. For experimental periods last-

' ing longer than 24-hours, food was also provided,

and consisted of bren and oats, with cabbage every

 two or three days. Vessels containing food or

water were placed outside the cage, so that no con-

| tamination of the urine or faeces could occur.

Injections of dithiols were made into the

paravertebral muscles. The doses of dithiols were |

near the toxic range since maximal effects were

being sought. The doses usually employed were

| 50mg./kg. and 12.5mg./kg. of dimercaprol, and

175mg./kg. and 55mg./kg. of dimercaprol glucoside.

| Expressed in terms of molar welghts, these doses

correspond approximately to O.4mM./kg. and O.lmM/kg.

| of dimercaprol, and 0.6mM./kg. and O.2mM./kg. of the

i glucoside. Thus, a larger number of molecules of

| dimercaprol/
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dimercaprol glucoside than of dimercaprol was

adminlstered. Injections of saline or propylene

;glycol were glven to the control animals. At the
end of the desired distribution period, the animals

were killed by a blow on the occiput.

SAMPLING OF TISSUES: - Immediately after death,

- blood was collected by bleeding from the great veins
into the thorax. Clotting was prevented by heparin,
- and the samples were centrifuged at once. Usually
- about 10ml. of blood was taken.

| The organs were then dlssected out taking care
to avold contamination between different tissues.
Complete orgens were washed with water, dried bet-
ween filter-papers, and weighed. If the organ
weighed less than 10g. it was ashed entire. In
other cases, samples were taken from well-mixed
choppings of the organ. Skeletal muscle samples
were taken from the thigh, and bone samples from

. the long bones of one fore limb and one hind 1limb.
Marrow was removed from diaphyses and estimated
separately, and was washed, as far as possible,

from samples of epiphyses. The injected ear, and

the/



' the plece of cotton wool used to control bleeding, |

20.

| formed a separate sample, so that the quantity of

' metal remaining at the site of the injection was

| known. The opposite ear was taken as a sample of

skin. ‘

Duplicate samples of liver and kidney were taken|

routinely, and provided an estimate of the error of

' the determinations.

| were placed in Kjeldahl flasks, containing 30ml.

ASHING OF SAMPLES: - After weighing, the tissues

conc. nitric acid and 20ml. of 20% (v/v) perchloric
acld, and were allowed to stand for several hours.
The flasks were heated gently until the contents

were boiling, taking care to avoid excessive foaming,

and were then allowed to boll very gently until

. about 1l0Oml. of solution remained. If this solution

' was not quite clear, a further 20ml. of nitric acid

was added and bolling continued. Generally, it

' proved impossible to obtain a clesr solution of

faeces.
The solutions were then transferred to boiling-
tubes, and diluted with water to a known volume,

usually 50ml. Urine and bile were not subjected

to/
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| to ashing, but were estimated directly. In the

case of the sub-ascute distributions of lead, samples

were allowed to stand for at least five weeks to

' allow an equilibrium mixture of radium D and E to

form, because the counter used was not sufficlently
sensitive to detect the low-energy p-rays, emitted

by the radium D,'but counted the more energetic

_ emission from radium E.

. ESTIMATION OF RADIO-ACTIVITY:- The activity of

the samples was measured by means of an M.R.C.

Type 1 fluid Gelger-Muller counter. Preliminary
experiments showed that the total count per minute,
corrected for the background count, was linearly
related to the amount of radio-active material
present, in the case of each isotope.

Variations in the density of the solutions,

| within the range involved in the experiments,

212 2810

affected the counts of Pb and Pb negligibly.
205-2806 ies

The radiations of Hg and Au were absorbed

to a greater extent, however, and graphs were drawn

relating the decrease in count to the density of

the solution. The density of each sample was

mee.sured/
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measured by simple hydrometers, and the count of
the sample corrected by reference to the appropriate
graph.

From the counts obtained from aliquots of the
injection solution, and the counts obtained from
samples of tissues under similar conditions, the.
proportion of the dose in each sample, and hence
the concentration of metal in the tissue, was
calculated.

Although counts from such aliguots were made
several times during each experiment, the shortness
of the half-lives of PbBla and Aulga necessitated
a correction for the decay occurring during the
counting of the samples of any one experiment.

Each count was corrected by means of the formula,
No = N’z«-.('.e"‘r

where N, = the number of atoms of isotope present
initially

N, = the number of atoms of isotope present
after a time ©

=21=
and A= disintegration constant, which for Pb

=] e 188
is 1.84x10 min. , and for Au is

T4
1.,77x10 min.

The/

|
|
|
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B03-205
The half-lives of Hg and radium D were con-

| sidered sufficiently long to neglect the effect of
decay.,

The proportion of the dose in any organ was
calculated from the known weight of the organ, and,
for the purpose of estimating the total recovery,
the following approximate values for various tissues |
were used:- total blood volume = ;Oml./kg.;

total weight of bone marrow - 20g./kg. (Nye,195L);

total weight of bone - 60g./kg.; |

total weight of skin -120g./kg.; and |
total weight of skeletal muscle -520g./kg. (Levine
et al, 1941). The amounts in bone were calculated
from the mesn value for both diaphyses and epi-
physes. This is not an accurate estimate and is
useful only as a rough check that a reasonable
fraction of the dose has been accounted for.

The standard error, obtained from the dpplicate_
semples of liver and kidney, of the mercury esti- |

mations was * 14%; of the acute lead estimations x

| 4%; of the sub-acute lead estimations = 12%; end

- +
of the gold estimations - 8%+
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RESULTS

Part 13 Mercury.

Results are presented for the distribution
- and excretion of mercury in twenty-eight rabbits, all
- of which received a2 single intravenous dose of mercu-

ric chloride, either 5uM./kg. or 3.7uM/kg. and were

killed after various periods of time. Some animals

were treated with dimercaprol, and some with dimer-

caprol glucoside, at different times after the injec

zion of mercuric chlorilde. The larger dose of mer-
5cury usuvally, and the lower dose occasionally,

' caused some degree of demege to the kidneys, as
demonstrated by the presence of albumen end casts in

| the urine., As far as could be judged, this damege

G S

' was less marked in treated animals. No other signs |

of toxlc effects were noted, apart from general

apathy, in the poisoned animals.

It should be noted that recoveries ranged from

70-90% . Preliminary recovery experiments showed
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that as much as 50% of the mercury could be lost

|
during ashing if the acid solutions were boiled i
vigorously. Allowing the solutions to eveporate i
' under gentle heating reduced the loss to about 20%.
As urine and bile were not ashed, mercury was not
lost from these fluids in this way.

A further point of note is that variable quanti-

ties of mercury were left at the injection site, and!

in a few cases this amounted to as much as one-third |
of the dose. In these cases, the injections had !
been difficult due to blocking of the vein into whicﬂ
the injection was given, and this was probably the |
result of the ecidity of the injection solutions. |
The mercury itself tends to irritete veins - 1ntra-l
venous injection, and may have contributed to the |
blockage. i
Iastly, the error of the estimetions was

approximately T 14%. This is higher than in the
cases of lead and gold, and the increase is mainly
if not entirely, due to the lower specific activity
of the mercury. The time of counting samples was
not increased sufficlently to attain the same accu-

racy as was obtained with the more active lsotopes.

These/



' mercuric chloride intravenously, and no further

26.

|

|

_ |
These three factors should be kept in mind when de—‘

|

paring results obtained in different animals.
In Tables 2 and 3, results are presented for

rabbits which received 5uM./kg. (l.Omg. Hg./kg.) of

| treatment. The concentrations of mercury in micro—I

graymes per gramme of tissue are shown in Table 2,
and the percentages of the dose found in various

orgens and calculated for various tissues are shown

in Table 3.

Although considerable variation occurred betwee&

| rabbits receiving the same treatment, certain general

| trends can be seen. One hour after the injection of

' mercury, a smell quantity of the element remained in |

the plasma; but within six hours, the amounts had |
fallen and were generally below the detectable level.

Of all the organs and tissues sampled, the kidneys

contained by far the highest concentration of marcurﬂ;
!

- and, after twenty-four hours, accounted for 20-30%

| of the mercury absorbed. The liver generally

. contained about 2ug. of mercury per gramme, and this |

. concentration/

Table 2/
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Table 2.

The concentrations of mercury ln the tissues of rabbits

after the intravenous injection of 5uM./kg. of mercuric chloride.

Time after
injecting mercury | 1 hour 6 hours 24 hours 5 days | 14 days
Rabbit No. 367 o 8§71 & 3619 | 365 | 369 & | 363 &| 359 &
Welght, kg. 1.50 1455 2.55 1.80 l.33 1.87 2425
Microgrammes of mercury per gramme fresh weight of tissue.

Plasma 0.97 <0.24 <0404 <0,09° 0.26 <0.11 £0,086
Erythrocytes 0.12 <0.33 0.66 <0.11 <0,30 <0,09 <0,09
Tungs 0.76 1,63 0.46 0.49 2.10 1.23 <0.04
Heart <0.12 £0 52 <0.,04 0.03 <0.20 - -
Stomeach <0.02 <0.08 0.10 <0.,02 0.30 0.04 0.29
Stomach contents < 0+03 0.20 041 0.85 1.10 097 0.18
Small intestine 0.08 Ll 0.29 0.51 0.61 0.40 0.35

" "contents <0.01 1.04 0+34 04553 1.09 0.16 <0.02
Caecum - - 0.65 0.43 0.67 0.88 -
Caecum contents - - <0.04 089 <O LY 2.22 -
Colon - 0.29 0.20 0.36 0.66 <0,09 <0.03
Colon contents 0.03 057 1.08 1.81 0.23 1.85 0.05
Kidneys 35.62 47,75 28.31 23.06 31.92 17 .41 15.36
Liver 1.84 2.91 0.76 2.03 2.90 1,96 1.84
WHHQ HO.@N <2.01 AOOW&.. AH.QH - <0.45 AOom.wu..
Spleen <0.80 <l.22 1.35 <0.65 <0.16 <1.01 <033
Skin 0.92 032 1.25 00 L.] 1000 D.24 0.22
Brain <0.05 s <0.03 | <0.05 |<0.13 - -
Bone marrow 2.58 <1518 <0.24 <0.36 <0,51 <0.45 <0.,13
Skull vault - - <0.14 <0.,31 <0.28 <0.,21 <0,17
Epiphyses 0.50 0.42 0.11 | <0.05 |<0,09 <0.05 <0.03
Diaphyses 0.45 <0423 0.13 | <0.09 |<0.20 0.32 | <0.05
Skeletal muscle <0.04 0.13 <003 10,12 <0,07 0.04 <0,03
Total recovery 76 ¢3% 81.2% 86.8% | 82444 |8l.1% [80.3% | 93.1%
Injection site 18.8% 26 « 2% 36 ¢4% 32 4% 16.6% 3.3% 7 «8%
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concentration did not alter significantly during |
fourteen days after the injection of mercury. The
next highest concentration usually occurred in the
lungs, while heart, spleen and brain contained only
very smell quantites. A high concentration of
mercury was found in bone marrow after one hour, but

this fell below the detectable level later; similar-|
|

ly, the concentrations in bone decreased, and only |
'very smell amounts of mercury were found in this site:
'after twenty-four hours. Skin usually held & few
|per cent of the dose, but skeletal muscle contained
only small quantities. The amount of mercury in the
gestro-intestinal tract rose during the first few :
hours, as excretion increased, then maintained = |
gfairly steady concentration for a few days. Very
iamall amounts occurred in the stomach, but the stom-
'ach contents usually showed & much higher concen-
:tration of mercury, perhaps because of the excretion |
of the metal in the saliva. After twenty-four hoursi

the small intestine, caecum, and colon contained
' smell and similar concentrations, but again higher
| '

|
iconcentrations of mercury were generally found in the
|

| respective contents. A high concentration was found

in/
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in the bile after one hour, but thereafter the
quantities of mercury in this fluid were below the
level of detection.

About 4% of the dose was excreted in the urine
within an hour, but this rate slowed considerably,
and after twenty-four hours the urine contained
6-15% of the dose or 9-19% of the mercury absorbed.
Only about two-fifths of the dose was excreted in

the urine in fourteen days. About 1% of the dose

' was found in the faeces after twenty-four hours,

but this rate of excretion increased, and nearly 274

was excreted in this way in fourteen days. Details:

of the excretion of mercury during the five-day and

fourteen-day experiments are given in Tables 4 and

| D

The effect of adminlistration of dimercaprol is

shown in Tables 6 and 7. The doses of dimercaprol,

| and the times after the injection of mercury at

. which they were given, are set out in these tables.

Generally, little change occurred in the qualitative;

aspect of the distributions, but considerable
quantitative differences were found. The concen-
trations of mercury in most tissues tended to

decrease,/
Table 4/
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The excretion of mercury b
injection of 5uM./kg.
Rabbit 364 was treated with 25mg./kg.

Q.Q.Uﬂ .

three and four.

Table 4.

of mercuric chloride.

y rabbits durlng five days after the intravenous
Excreta were collected at noon each
of dimercaprol twice daily on deys

Urine
Rabbit 363 Rabbit 364
ml, pg. Hg/ml, % of dose ml, vg. Hg/ml. % of dose

“_Um-ﬁm 0-1 90 @c@% 22.:3 66 H-mwm moo

\ly 1=-2 58 0.97 3.0 60 2.10 T3

! mlmw Wm O.mﬁ mom N.P O.%@ M.O

_ 3= 56 0.60 1.8 64 4.20 15.0

¢ 4=d 70 0.96 3.6 110 0.66 4,1

£ Total mercury »
10 excreted. 33.0% 34 .,2%
Faeces
Rabbit 363 Rabblt 364

& vg. Hg/g. % of dose g ug. Hg/g. % of dose

Um...mﬂm O|H_- o = i @o* 0.0‘W OOOH.

" u..l-w O = = m.% Hoqm Ot@

i 2=3 0 - - 9.2 2.43 1.3

WIW ﬁu._o @‘mm mco uu-@ mnwm Ot*

f 4=5 L i 10.29 6.5 16.8 1.71 1.6

Total mercury

excreted. 8 ¢5% 4,29
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Table 5.

The excretlon of mercury by rabblts during fourteen days after the intravenous
injection of 5uM./kg. of mercuric chloride. Excreta were collected at noon, and
therefore the period "Days 0=3" ends at noon on the third day after injection. =imi
larly, the period "Days 3-7" extends until noon on the seventh day. Rabbit 360 was
treated with 12.5mg./kg. of dimercaprol twice daily on days 9-12, and once on day 13

: Urine
habbit 359 Rabblt 360
ml. | pg. Hg/ml. &% of dose ml., | pge Hg/ml, | & of dose
Days 0=3 215 1.86 17.8 70 4,99 22.7
" 3=7 665 0.40 11.9 270 0.44 7.8
f —.Nlm mw Ooum .._uoo mm o.mm w-m
t 8-9 190 0.32 2.7 80 0.73 3.8
H 9-10 33 0.40 0.6 46 0.79 2.4
" “_..o....u....._.. ww-@ O..*O H.iu mw O-mm mao
no11-12 78 0.21 Q57 42 0.51 l.4
12-13 26 0.39 0.5 32 0.3%7 0.8
o 13-14| 174 0.27 2.1 105 0o D7 265
Total mercury e e
excreted. 38 . 6% 45.7%
Faeces
Rebbit 359 Rabbit 360
S | Mo mm\m. % of dose e HE e mm\m. % of dose
Um.ﬁ-m O=3 Held “_...«Nm 04 10.0 2.02 E PG
t ulq WH-O @n*q Hm-o .Q-Noo m.mﬁ. Hmwcq
L 7-8 0 - - 0 - -
L 8-9 |10.5 9.89 4,6 8.0 2.18 1.1
" 9-10 - = - Wt 0.99 0.5
# 10-11| 6.0 6.10 1.4 13.4 1.56 1.4
h “_...n._nlouum m-* ﬁ-mm ch “_..m-u OOQQ O.m
B 12=13 | 1% S 0e3 13.9 0.94 Q.
v 13~14 |42.7 2476 B 20.3 0.352 0.4
Totel mercury
excreted. 26.7% . 22,99
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decrease, and this effect was most marked in those
tissues containing the highest concentrations in
untreated animals. The smounts of mercury in the
kidneys fell profoundly. The concentration of mercur
in the liver were generally, but not significantly,
smaller than those of the untreated animals. The
quantities of mercury in the gastro-intestinal tract
tended to decrease, but no definite effect on the
excretion of mercury in the faeces was observed.
Smaller amounts of mercury were usually found in skin,
but the decrease was not significant. The loss of
mercury from these tissues was paralleled, and account
ed for, by a greatly increased excretion of mercury in
the urine, and possibly by an increase in the amounts
in skeletal muscle in some cases.

These actions of dimercaprol were found, though
on a smaller scale, even when treatment was delayed
until nine days after the administration of mercury.
The two rabbits killed after five days showed similar
amounts of mercury in the urine, but it should be

noted that the rabbit (No.364), treated with dimer-
caprol, retained about 30% of the dose at the site

of injection.

The/
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Table 6.

The concentrations of mercury in the tissues of rabbits after the intravenous inject-

ion of 5uM./kg. of mercuric chloride, and subsequent treatment with dimercaprol.

Time after lnject=-
ing mercury 1 hr. 6 hrs. 24 hours S5~days l4-days
Treatment with 5omg/kg | Somg/kg | 50mg./kg 50mg./kg at 19~ | 25mg/ke 12.5mg/k g
dimercaprol. immedi-| at 1 hr | at 1l-hr. hrs. and 12.5 twice twice daily
ately 12.5mg/ | 12.5mg/ mg/kg at 23-hrs | deily on |on days 9-
kg. at kg. at & days 3 12 ‘and once
5 hours hours. and 4. on day 13.
Rabbit No. 368 &' 372 % 370 ¥ 362 & 366 N 364 A 360 7
Welght, kg. 1.40 1.86 2+05 1,72 (23 ST 1,78 1.54
Mlcrogrammes of mercury per gramme fresh weight of tissue.
Erythrocytes 2.82 1.24 2.42 (0.07 (0.15 (0.10 <0.11
Iungs 2.41 (0.18 €0.08 {0.04 0.53 <0.06 ¢0.05
Heart 0.34 (0.27 {0.14 .06 (0.08 - -
Stomech 0,71 0.20 {0.03 0.16 L0.03 £0.,03 0.086
Stomach contents 0.26 €0.11 0.49 {0.01 0.34 0.22 {0.02
small intestine 1,43 0.95 0.12 0.24 0.17 0.21 0.38
e " contents 2.65 ¢0.12 0.96 1.02 (0.04 013 0.21
Caecum - - 0.36 {0.01 {0.03 0.01 -
Caecum contents - - €0.12 0.46 0.59 0.13 -
Colon 0.64 0.58 (0.07 €0.02 {0.06 ¢0.07 {0.03
Colon contents €0.05 0.61 (0.06 0.26 1.00 0.16 0.07
Kildneys 8.79 1.83 6.65 3430 1,78 1.95 1.43
Liver Al 1,19 l.23 0.41 0.64 0.50 1.13
Bile 230 (2.22 1.51 (1l.36 {0.85 (1,33 B
Spleen (0.81 (1,64 2.99 (0.64 (0.83 {0.40 {0.42
Skin 0.62 (0.29 L0.,15 ¢0.04 0.33 {6.09 0.05
WHom.u-Hu hOoOQ - ﬁ0.0@ A0.0U hOoom - -
Bone marrow {0.,30 (0.63 (0.45 (0.35 (0.32 {0.32 £0.20
mw.ﬂ.“_.u‘ me.gu...ﬂ - i AO-@@ A.O-NH. ﬁO.qu AO-..WO =
Epiphyses ¢0.05 (0,18 (0,09 0.03 {0.04 {0.,06 {0.05
Diaphyses <0.09 <0.22 (0.12 (0.06 0.37 {0.08 <0.06
%@Hmdmu- muscle 0.32 0.50 f0.0«N Ooom o.u-“_- Os o7 O.H.m
Total recovery 82.0% 90.0% 86.7% 81.0% 87 « 3% 76.9% 89.7%
Injection site 11.7% 19 .2% 10.6% 3244% 36 42% 29.65% 546%




Table 7.

The percentages of the dose of mercury in the tissues of rabbits after the intravenous
injection of mtz.mzm. of mercurlc chloride, and subsequent treatment with dimercaprol.

e t-
MWMJSmwwmwuusuoo l=hr. -mswwm. . 24 hours 5-days 14-days
50mg/kg| ©S0mg/kg| 50mg/kg 50mg/kg at 19- 26mg/ kg 12.5mg /g
Treatment with Immedi- at lhr. at l-hr hrs. and 12.5 twice twice dailly
dimercaprol. ately. 12.5mg/| 12.5mg/ mg/kg at 23 daily on on days 9-12
kg. at kg at 5 hours. days 3 and once on
S5=hra. hours. and 4. day 13.
Rabbit No. 368" &72.% 370 $ 362 o7 366 o 364 o 360 o
Welght, kg. 1.40 1.86 2.05 1.72 2e3T L.78 154
Plagma LA {0,.,9 L0.5 {0.3 £0..5 {03 L0333
Erythrocytes 7.8 2.8 5.8 (0.3 {0.5 {0.3 {0.3
Tungs 0.9 {0.07 {0.03 {0.02 0.2 {0.02 £0.02
Heart 0.07 {0.07 {0.03 L0.02 {0.,02 - -
Stomach 0.8 O.w A0.0_..W 0.2 £0.02 AO-ON 0.06
Stomach contents l.4 {0.4 2.8 {0.05 0.7 0.9 4042
Small intestine 2.9 1.6 0.2 0.6 0.2 0.3 0.5
0 Small " contents 4,1 {0.07 0.5 0.8 {0.02 0.2 03
LR Cascum - - {0.4 {0.02 {0.,02 0.01 -
Caecum contents - - {0.6 250 Lt 0.6 -
Colon B3 D8 {0,03 {0.02 £0.02 {0.02 {0.,02
Colon contents {0,03 0.2 40,06 03 0.06 0.1l 0,06
Mﬂ.mr.u.uumuﬂm 5.8 1.4 4.6 BeD 1.0 Ly 12
Liver Sed 3.9 4.7 2.0 ¢ 1.4 Sis D
Spleen £{0,03 {0.07 0«3 {0.04 {0.,02 {0.06 {0.03
Skin 6.3 {3.4 G 8 £0.5 4,0 <013l Q&7
Brain {0.03 - {0.03 L0.02 { 0,02 - -
Bone Marrow 0.6 {12 <0.9 {0.7 {0.62 {0.6 {0.4
mosm i .A.Oc% A.un_._w AO-@ D.om O-m AO.@ AO.N\V
Skeletal musecle 16..7 26,3 (3.9 4.4 5.6 3.9 9.4
Excreted, urine 12.8 34.1 56.1 32.1 33.8 34.2 45.7
Excreted, faeces - - 0.7 3.7 0.9 4.2 22.9
Injection site 11.7 19.2 10,6 32.4 36.2 29.6 5.6
Total recovery 82.0% 90.0% 86.7% 81.0% 87 « 3% 76 .94 89.7%
—. : ;




| and faeces during the five and fourteen days experi- |

| ments are shown in Tables 4 and 5. When dimer-

36 .

The amounts of mercury excreted in both urine

|
|
3

caprol was administered three days after the mercury

an increase occurred in the concentration of mercury |
in the urine, as shown in Fig.l. Treatment begun
nine days after the mercury had a similar effect, |
but this disappeasred rapidly, in spite of continued
ﬁreatment, (Fig.2).

The results of treatment wlth dimercaprol glu-

coslde are presented in Tables 8 and 9. Consider-

. able differences from the actions of dimercaprol were

| found. The mercury content of the plasme was con-

slstently reised, and in the cases of rabbits N0+400 |
and 402, the content of the erythrocytes was also |
increased. Large increases in the concentration of;
mercury in the bile occurred, but the amounts of
mercury contained in the small Intestine, colon,

and their contents, were generally similar to those
found in untreated animals. No definite change in

the concentration of mercury in the llver was ob-

served, but the mercury content of the kildneys was

| diminished/

Table 8/
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The concentrations of mercury in the tlssues of rabbits after the intravenous
administration of mercuric chloride, and subsequent treatment with dimercaprol

glucoside.

Time after inject-

ing mercury 1 hour 24 hours.
Dose of mercury S/ k8. S/ kg 370N, /&g .
Treatment with 175 176mge./kg. 175mg./kg. 175mg./kg. at 1
dimercaprol mge/kg .- at 1 hour at 19 hours hour and 55mg./
glucoside. Immedi- and 55mg./ end 55mge/ kg. a2t 5 hours.

ately. kg.at Shrs. kg. at 23

hours.

Rabbit No. 410 4009| 402 9 406d"| 401 ¢ 404 2 | 411 d
Weight, kg. 1.85 1.75 L.75 Le1ou 132 1.69 1,67

Microgrammes of mercury per gramme fresh weight of tissue.

Plasma 3467 1.64 | 1.25 2.02 1.07 0.67 1,37
Erythrocytes <0.23 2.7 | 5.35 <0.07 0.90 0.11 | <0.16
Tungs 1.66 0.87 1.63 0.53 _ 1.30 0.68 1.49
Smell intestine - <0.01 1.12 - 0.69 0.14 1.52
u " contents - 1.10 | 1«26 - 1.37 0.04 0.19
OOHOHH = Ocmm u-.u.h.r O-ﬂ\m O.mo o.mu- u...\m.-m
" contents - 1l.84 | 7.30 0455 - 0.14 -
Kidneys 3432 4,76 | 6.25 1.93 4.82 2.22 1.01
Liver 4,72 2.27 | 2.48 1.58 1.46 0.66 1.91
Bile 3.59 6.29 | 2456 6.19 |14.62 7.70 7.10
Skeletal muscle <0.,07 0.08 [<0.02 0.05 0.09 <0.02 0.10
Total recovery 71.5% 71.5% [83.0% 7348% [71.6% 77.4% | 85.6%
Injection site 8.1% 0.5% | 1.8% 15.3% |23.8% 0.6% 0.04%
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Table 9.

The percentages of the dose of mercury in the tissues of rabbits after
the intravenous administration of mercuric chloride, and subsequent treatment with
dimercaprol glucoside.

Time after inject-

ing mercuric 1 hour 24 hours
chloride.
Dose of mercuric _
chloride. 5uM./kg. 5uM./kg . 3.7uM. /&g
Treatment with 175 175mg « /% 175mg ./kg . 175mg./kg. at
dimercaprol Em.\wm. at 1 hour at 19 hours 1 hour and
glucoside. immedi- and 55mg./ and 55mg./ 55mg./kg. at
ately. kg. at Shrs. kg. at 23 5 hours.
hours.
Rabbit No. 410 o 400%| 402 ¢ 406 ¥| 401 ¢ | 404 2 411"
d_.qmm.m.wwdu ..W.m- 185 Ho..Nm 175 175 1e72 1.69 167
Plasma 12.8 6,7 4.8 845 4.5 4.3 843
Erythrocytes < 0.8 745 16.7 <0.2 25 03 <045
Lungs 0.7 0.3 0.5 0.2 0.6 0.5 0.9
Small intestine - <0.02 1.9 - 1.5 0.4 5.1
" " contents - 0.5 0.4 - 0.4 0.04 0.2
Colon = 0.3 Oom 0.4 0.4 0«3 gl
Colon OD.Hu.ﬂQH.._.ﬂm - LB H.-H. (669 - Ol o
Kidneys 2.2 2.8 4.7 1.5 3.9 2.0 0.9
Liver 135.3 8.3 763 6.1 5.6 5.4 8.8
Skin 17.0 11.4 21.6 8.8~ - <1.1 £2.9
Skeletal muscle < 5.9 4.9 <1.3 5.8 .136.9 <1.9 7.0
Excreted, urine 17 .4 24.5 20.2 29.2 | 20.6 62.8 45.3
Excreted, faeces - 240 1.5 0.2 0.9 0.7 8.0
Injection site 8.1 0.5 1.8 15.3 | 23.8 0.6 <0.04
Total recovery 7145% 71e5% | 83.0% 73.8% | 71.6% 77 «4% 85.6%
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diminished to an extent simllar to that occurring
in dimercaprol-treated animals, The quantities
of mercury in skin tended to increase, but the
difference was not significant.

The urinary excretion of mercury, while greater
then that of the control animals, was smaller than
that obtained after treatment with dimercaprol.
Calculating the quantities excreted after twenty-
four hours as the percentages of the mercury absorb-i
ed, the mean for the control animals was 15%, for |
the animals treated with dimercaprol 55¢, and for

those treated with the glucoside 29%; all these

" differences were significant (P € 0.01). This

comparatively small increase in the excretion of
mercury after treatment with dimercaprol glucoside
was surprising, and the effect of reducing the dose
of mercuric chloride was investigated. Only a
limited decrease in the dose was possible owing to
the increased error which resulted from lowering the
counts obtained from samples. Accordingly, the dose
of mercuric chloride was reduced to 3.7uM./kg.
(0.75mg. Hg./kg.), and the animals were treated with
dimercaprol/
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dimercaprol glucoside as previously (Tables 8, 9,
and 10). In these cases, smaller fractions of the
dose were generally found in the erythrocytes, and
larger fractions in the urine, than in the cases of
animals receiving 5uM./kg. of mercuric chloride.
However, the difference between the actual weights i
of mercury excreted by the two groups was not signifﬁ-
cant,

Rabbit 409 (Table 10) was injected with 3.7uM./ |
kg. of mercuric chloride, and was not treated; the |

urinary excretion of mercury amounted to 23% of the

dose, whereas that of the control animals recelving

| 5uM./kg. was 15%. This increased excretion was |

probably mainly‘due to the smaller quantity of
mercury remaining at the injection site, and not to
the reduction in the dose. One rabbit (No.407) '
was given dimercaprol glucoside in three equal doses,
instead of one large dose followed by a smaller one.
There was no alteration in the quantity of mercury
excreted. A further experiment (rabbit No.405) con-
firmed the excretion figures, after dimercaprol
treatment, obtained previously.

The/
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Table 10.

Additional estimations of the percentages of the dose of mercury in
urine and blood 24~hours after the Intravenous administration of mercuric chloride in

rabbits,
Dose of mercuric _ ;
chloride. 3o7Wle/kg. BuMe/kg .
Dimercaprol Dimercaprol Dimercaprol Dimercaprol
glucoside glucoside glucoside 50mg./kg. at
Treatment Nil 175mg o /kg 175mg . /X8« 75mg . /K .« 1hr. and
at lhr and at lhr, and | at 1, 4 and 12.5mg./kg.
55mg ¢ /K o 55mg «/kg . 7hrs, at 5hrs.,
at Shrs. at Shrs.
Rabbit No. 409d'| 408 d'| 413 J'| 403 | 412¢ 407 9 405 ¢
E.Qu-mwu.._uu .._nnmo Hcmq ..._uoqo H.qm “—...@_N Hcmq H.Q@ Hl@*
Injectlon site Qa3 04 365 2ol 546 062 0.9
Plagma 1.9 - - - - 73 <0.3
Erythrocytes <043 - - - b <0.1 <0.5
Urine 23.1 53.2 48,3 325 42.2 34,3 56.9







Fig- ) (8.) n

Fig. 3 (b).

Fig. 3 (C)-

The mean ooncentrations of mercury
in various tissues and organs twenty=-
-four hours after the intravenous
administration of 5 pM./kg. of mercuric

chloride.

The mean concentrations of mercury
in wvarious tissues and organs twenty-
=four hours after the intravenous
administration ' of S‘PM/kg. of mercuric
chloride and subsequent treatment

with dimercaprole.

The mean concentrations of mercury
in various tissues and orgens twenty-
-four hours after the intravenous
administration of 5JPM./kg. of mercuric
chloride, and subsequent treatment with

dimercaprol glucoside.
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The maln changes in the tissue distribution of
' mercury, after treatment with dimercaprol or dimer-
caprol glucoside, are illustrated in Fig.3. The
concentrations of mercury found in the various

tissues are depicted, and were calculated as the

 average of the figures obtained in those animals
!killed at the end of the twenty-four hour period.
IA summary of the mean percentages of the dose found
' in varlious tissues is given in Table 1l. 5
The cumulative excretion of mercury in the urinel
 during twenty-four hours without and with treatment
by dimercaprol or dimercaprol glucoside, is illus-
trated in Fig.4. The percentages of the absorbed

'mercury have been calculated, and the ranges covered

by the individual observations at twenty-four hours

are shown.

In these dilagrams, the results tend to be over-
aimplified, but it is considered that this is justi-
fied by the more immediate comprehenslbility of the

date.

Table 11/
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Teble 11.

Sumeary table of the distributlon of mercury in rabbits, without and with
treatment with dimercaprol or dimercaprol glucoside. The figures glven are the
mean percentages of the dose found in each group of tissues 24-hours after the
intravenous administration of mtﬁ.\ﬁm. of mercuric chloride. Detalls of treat-
ment are as shown in Tables 3, 7, and 9.

Treatment None Dimerceaprol Dimercaprol glucoside

No. of rabbits 3 3 4
Blood O.@ u-.@ Hw-m
Smell intestine )

" " contents )

Colon ) 3¢5 3.0 4.4
Colon contents )

Faeces )

Kidneys 18.4 2.7 3.2
Liver 6.1 2.9 6.8
Skin )

Skeletal muscle ) 9.7 4.7 17.7
Urine u..u..nM. *O.Q qu-N




. PART II: Gold.

| on the former. Conslstently poor recoveries indi-

44,

ie
In view of the short half-1life of Au _,

of the inconvenlences of supply, and the satisfact- |
1 I

ory results repeatedly obtained with Pb 8, the tech-

nique of ashing and estimation used for the latter

.
|
was applied, without preliminary checking, to studiaﬁ

cated that considerable losses of gold occurred !
during thils procedure, Possibly volatilization of é
the gold took place through overheating, for Block |
and Buchanan (1940) emphasize that gentle heating is
necessary durlng the ashing of tissues contalning
gold. The pertinent recovery experiments with
mercury (vide.p.24 ) had not been carried out at the

188
time of thls work, and the short half-life of Au

precluded extensive investigations into the cause of

the losses.

Nevertheless, the error of the duplicate esti-
mations was only i 8%, which indicates that approxi-
mately similar propoftiona of gold were lost from

each sample. Thus, the true relative amounts of

gold in different tissues are probably about the

same/
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‘same as found in these experiments, but the actual
fconcentrations of gold are likely to be higher.
Agalin, urine and blle samples were not ashed, and '
‘hence were not subject to this loss of gold.

| Results are presented showing the distribution

'and exeretion of gold in eight rabbits, all of which

|
received a single dose of 0.0lmi./kg. (1l.97mg. Au/kg.)

‘of gold chloride intravenously, and were killed twent;fr-
ifour hours or five days after the adminlstration of |
!gold. Four of the rabblits received treatment with ;
'dimercaprol, as detailed in Tables 12 and 13. No |
Eill effects were noted, except in the case of rabbit
'No.387 in which mild convulsions occurred after the
éfirst injection of dimercaprol. i
i The concentrations of gold in microgrammes per
:gramme of tissue and the percentages of the dose in
:varioua organs and tissues are presented in Tables
!12 and 13. After twenty-four hours, a large pro-
'portion of the gold wes still circulating in the
iblood, mainly in the plasma, of the control animals. |
iVery high concentrations were found in the spleen.

iThe kidneys contained the next highest concentration,

| about 8-12ug. of gold per gramme, while the liver

held/ |



|

|

|

:held only 2-4ug. per gramme and accounted for about
' 3% of the dose. The bile contained 2-5ug. of gold

'per ml., and, on the limited informatlon obtained,

ithe gastro-intestinal tract end its contents held an

‘average of about 1lpg. per gramme. Bone marrow con=-
ftained 4-8ug. of gold per gramme, and accounted for

54- % of the dose; the concentration in bone was

' lower, the epiphyses containing 1-2ug. and the dia-

:phyaes roughly 1lpg. per gramme, The very high con-

centration of gold in the sample of skull vault from |
| .
' rabbit No. 201 seems anomalous. The lungs contained

:l-éug. of gold per gramme, while heart and brain haldi

:only very small quantities. The concentrations in

iskin and skeletal muscle were also low, but accounﬁedi

for 10-20% of the dose.

Only 3-8% of the gold administered was excreted |

' in the urine in twenty-four hours, and less than 1%
| in the faeces. After five days, urinary excretion

| st1ll accounted for only 8% of the dose, but 10% was
ifound in the feeces over that period. Details of
Fthe excretion of gold in thls experiment are given

in Table 14.

Table 12/
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Table 12.

The concentrations of gold in the tissues of rabbits after the intra-

venous injection of 0.0lmM./kg. of gold chloride, without and with treatment with

dimercaprol.

Time after inject-

ing gold. 24 hours 5 days
Treatment with 50mg./kg. at 19 hrs 25m.g/kg.
dimercaprol. Nil and 12.5mg./kg. at Nil on days 2,
23 hours. 3 and 4.
Rabbit No. 201 [ 200 Q[ 202 @ 210 2 21T 8 2iz " 203 ¢ 213 @
Weight, kg. 2,10 2.25 2.00 1,95 215 1,95 215 2.15
Microgrammes of gold per gramme fresh weight of tissue.

Plasma ekl 3.22 6.33 2 .47 l.34 2.47 1501 0.75
Erythrocytes 1.28 1.36 1.30 1.04 0.36 0.79 0.15 <0.05
mmm.Hu.ﬂ O-rﬂuq e o~ O-m* - - - e
Iungs 5.19 1.52 4,13 0.75 13.54 S¢13 SeT7 1.01
Stomach L3 - - 0.70 - - - -
Stomach contents 0.66 - - 0.55 - - - -
Small intestine 1.41 0.12 - 0.62 0.45 - - =

L " contents 2.67 1.94 - 0.95 0.14 - - =
OQH.OHH Hnoo Oo@._”lu b Ocqw.o O-m@ - - -
Colon contents 1.63 0.46 - 4,00 0.68 - - 2
Kidneys 9.84 11,82 7.79 11.14 12.84 7 .67 10.42 6.31
Liver 2.89 1,93 4,50 1.26 3¢31 397 4,31 2.63
Bile 5.43 2.18 3.06 - 8.28 9.26 0430 0.61
Spleen 37 .00 22.03 11,85 35.29 12.67 2Ll 5,61 12.18
mH.nm-B Oo_-N._.l Oomm ey H.omm O.W@ — - -
Bone marrow 3.99 8.20 4,69 4.27 4,42 4.01 1.25 4,06
Epiphyses 1.81 1.52 2.65 - 18,92 0.31 0.39 172
Dieaphyses 0.26 0.68 L7 0.55 0.68 0.66 0+23 0.43
Skull vault 11841 - 1.86 3.02 = 0,85 0,97 051
Skeletal muscle 0.20 0.51 - 0.38 0.67 - 0.21 0.05
Brain 0.05 0.17 - 0.26 0.04 - - =
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Table 13.

The percentages of the dose of gold in the tissues of rabbits after the
intravenous injection of 0.0ImiM./kg. of gold chloride, without and with treatment with

dimercaprol

Time after inject-

ing gold. 24-hours 5-days
Treatment with 50mg/kg at 19hrs 25mg./%g. on
dimercaprol Nil and 12.5mg/kg at il days 2, 3 and

MWIHQ.H.mo *o A

Rabblt No, 2014 200% 202¢% 210% 211d 2124 203 %2 213 %
Weight, kg. 2410 2425 2,00 1495 | 2.15(% 1%95 2,15 2,15
Plasma 152 8,0 10.5 m"-m 2ed. 4.8 24 135
Erythrocytes 1.7 1.6 le3 0.9 0.7 1.4 0.2 <0.,05
Heart 0.04 - - 0.05 - - - -

Lungs 0.7 0.2 0.7 0.1 2.7 0.6 0.8 0.2
Stomach - - - - - -
sStomach contents - - - - - -

Small intestine 5.6 5 2.5 - y -

Small " contents 1.1 = 0.9 = = 7

Colon : = Z G =

Colon contents 5 T & e
Kidneys 2.5 L7 1.8 el Sal gl 2.3 1.7
Liver 3.2 2.9 345 1.9 4.4 4.1 5.9 Sl
‘Spleen 0.2 0.2 0.2 0«5 02 0.2 0.1 Oe3

-_UWM-HH mow -Nom e mc@ N....w - - -

Bone marrow 3.7 8.6 3¢5 365 4,5 4,1 1.2 4,0

Bone 4.5 4.5 5.0 7ed 26.7 i L 1.2 5.2
.mwﬂmuum.ﬂmu. Hd.d.mhuulw ‘poq Hmow e m.o u.m-_u. — m-% H.*
Brain 0.01 0,03 - 0.04 0,01 - - -
Excreted, urine 2.9 S5e9 5.3 6.6 8¢3 8.9 Ve 14.8
Excreted, faeces 047 0e5 - 0ed 0.4 - 10.4 8.2
Injection site 0.8 0.3 0.2 9.2 2.9 1.0 10.3 0.4
Total recovery 49.6% 54.6% 32.0% 55.0%| 77.9%| 28.3% 47 $9% 40.8%
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Much smaller concentrations of gold were detect-|
ed in the spleen, blood, blle, bone marrow and bone

!
|
after the five-day period. The concentrations in !
I
the liver, kidneys, lungs and skeletal muscle i

remained fairly constant. It should be noted that
10% of the dose was retained at the injection site
in this rabbit (No.203).

The results of treatment with dimercaprol are
also presented in Tables 12 and 13. The most

significant effect was a decrease in the concen-

| trations of gold in the blood after twenty-four

hours, the amounts in both plasma and erythrocytes

being approximately halved. The concentrations of

gold in the blle increased but there was no observ-

able effect on the gold content of other tissues.

| No explanation can be offered for the very high con~-

| centration of gold found in the epiphyses of rabbit |

No.211, |
The excretion of gold in the urine was approxi-

mately doubled after dimercaprol treatment, but therﬂ

was no effect on the faecal excretion. ; ‘

Even when treatment was delayed until two days
after the administration of gold, dimercaprol still

caused/
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| caused an increased urinary excretion of the metal.

Smaller amounts of gold were found in the blood,
liver, kidneys, and skeletal muscle of the treated

rabbit than in the control animal, and larger

i'quantities occurred in bone and bone marrow. As

gsome of these effects are at variance with those
found after the twenty-four hour period, and only
one set of results is available for the five-day
period, the differences cannot be definitely
ascribed to the action of dimercaprol. The effect
of treatment on the ezcretion of gold in the urine
in the five-day experiment is illustrated in Fig.5,
and details of the urinary and faecal excretion are
given in Table 14.

To ensure that no large amounts of gold
occurred in sites which were not usually sampled,
the gold contents of various additional tissues in
rabblts Nos. 202 and 212 were estimated. The
results are shown in Table 15. None of these
tissues contained any notable concentrations of
gold, and a reduction in the concentratlons appeared
to occur in most of them after treatment with
dimercaprol.

Table 14/
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Table 14.

The excretion of gold by rabbits during flve days after the intravenous

injection of 0.0lmM./kg. of gold chloride.
25mg./kge. of dimercaprol daily on days 2, 3, and 4.

Rabbit 213 was treated with

Urine
Rabbit 203 Rabblt 213
ml.| pug. Au/ml. % of dose ml, | pg. Au/ml. | % of dose
0=18 hours | 22 1.96 1.0 16 l.84 Oy
18-36 hours | 31 2450 1.8 27 2.79 1.8
60-84 hours | 52 1.31 1.6 87 2.48 bk
84-120 " 58 0.88 l.2 85 1l.41 2.6
Total gold i :
excreted. 7 7% 14.8%
Faeces
Rabbit 203 Rabbit 213
g. | vg. Au/g. | % of dose g. | vg. Au/g. |% of dose
0-18 hours [115 0.37 1.0 59 0.13 0.2
18-36 hours |104 1.24 3.0 52 3.68 4,5
36=60 hours | 85 0.58 j 1 B 74 1.36 2.3
60-84 hours |142 0.78 246 9 1.31 0.3
84-120 " 59 1.60 247 27 1.48 0.9
Total gold X
excreted. 10.4% 8.2%
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Table 15.

The concentrations of gold in certain
additional tissues of rabblts 24 hours after
the intravenous edministration of 0.0lmM./kg.
gold chlorlde, without and with treatment with

dimercaprol.

50mg./kg. dimercaprol

Treatment Nil at 19 hours, and
12.5mg./kg. at 23hrs.
Rabbit 202 212
ug. Au per g. fresh
weight of tissue.
Ribs 4.23 ) 1.81
Vertebrae 2.98 0.97
Semilunar certi-
lage. 2,79 -
Joint Capsule 1.45 -
Lymph glands 4.95 2.31
Salivery glands 1.63 0.75
Thyroid 3.07 1.10
Pancreas 1.41 1.06
Adrenals 2.51 2.56
Thymus 1,29 0.63
Ovaries 4,24 -
Testes - 0.80
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PART III: Lead. Acute distributions.

Results are presented for the distribution

and/or excretion of lead in twelve rabbits, all of |

. which received a single intravenous dose of 0.0ImM./.

kg. of lead acetate. Two of these rabbits received |

| no further treatment, and six were treated with

- mercaprol and three with dimercaprol glucoside.

dimercaprol glucoslde, as set out in Tables 16 and
17. One animal was treated with dimercaprol, two
with l:3-dimercaptopropanol, and one with 1l:4-di-
thioerythritol, and the results are shown in Tables i
19 and 20.

A further series of seven rabbits recelved a
single intravenous dose of O.lmM./kg. of lead |
acetate, and three of these were treated with di- i
Observations were made on the lead contents of blood,
kidneys, and urine only, and the results obtained
are given in Table 18.

All these animals were killed twenty-four hours
after the administration of lead acetate. |

The concentrations of lead in microgrammes per

gramme of tissue and the percentages of the dose

found/
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found in various tissues and organs are shown in
gTables 16 and 17, for those animals which received

IO.OlmM./kg. (2.07mg. Pb/kg.) of lead acetate, without

'and with treatment with dimercaprol glucoside. This

dose of lead 1s well below the toxic level, and the
‘animals appeared quite healthy up to the time of
death.

Despite the variation occurrling between animals
étreated in the same way, the following trends cen be
'seen.

The control ahimals which received 0.01lmM./kg.
;of lead acetate provided results which are generally
‘consistent with those obtained by Ginsburg and
- \Weatherall (1948), using a similar method. The
;main differences are that higher concentrations of
ilead were found in the kidneys in these animals, and
'a larger amount of lead was excreted in the urine,
:1-4% as against 0.2-1%. It 1s probable that these
differences can be atﬁributed, at least in part, to
'the rate of injection of lead. Weatherall (personal
icommunication) states that rapid injections of lead
)acetate were given in the experiments of Ginsburg and
iWeatherall.

High/
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High concentrations of lead. 18-22ug. per grammé,
occurred in the liver, which contained about 304 of |
the dose, and in the spleen, bone marrow, and epi-
physes. Concentrations of 2-6ug. of lead per
gramme were found in diaphyses, lungs, bile, and
.~ erythrocytes. The colon and small intestine con-
tained less than lug. per gramme, but the concen-

tration of lead was slightly higher in the gut con-
. tents. Skin, skeletal muscle, and plasma held only |
very small amounts of lead.

The experiments of Ginsburg and Weatherall
dealt comprehensively with the effect of dimercaprolg
' on the distribution of lead in rabbits after an intra-
venous dose of 0.0lmM./kg. of lead acetate. For
this reason, only one rabbit in the present studies
wes treated with dimercaprol (vide infra).

The administration of dimercaprol glucoside
caused several changes in the distribution of lead.
_Decreases in the amounts of lead in the liver and
erythrocytes were found. The quantities of lead
in bone and kidneys also tended to decrease, but
these changes were not very significent. The |
changes were accompanied by an increased urinary

excretion/
Table 16/
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Table 16.

The concentrations of lead in the tissues of rabblts 24-hours after the
administration of 0.0lmM./kg. of lead acetate, without and with treatment with
dimercaprol glucoside.

Treatment with

175mg./kg. at 1 hour

175mg./kg. at 19 hour

dimercaprol None and 55mg./kg. at and 55mg./kg. at
glucoside. 5 hours. 23 hours.
Rabbit No. 381 ¢ 374 9 73 F| 5 T| ss2d| ave S| smed| sezd
Weight, kg. 1.98 1.59 1.63 1.68 1.31 1.53 1.31 1.66
Microgrammes of lead per gramme fresh weight of tissue.
Plagma <0.02 <0.,03 <0.02 0.75 < 0,04 <04 0d <0.02 <0.02
Tungs 4,61 1.91 2.36 5.38 21.04 5.73 3457 20.00
amall intestine 0.45 0.53 0.39 0.65 0.47 1.08 0.83 1.65
i " contents 1.87 1.14 2512 1.20 1.35 1,35 1,73 1,72
Colon 0.83 0.78 0.23 1.13 0.49 0.93 - 0.97
Colon contents 3.95 2.94 5.09 13.12 8.13 3.95 1,97 17 .63
Kidneys 23.46 10.99 1,87 6.66 24,58 2.84 8.79 16.95
Liver 18.85 21,64 12,75 14,68 12.59 20.20 10,60 | 16.54
Bile 5.84 3.02 28,36 53432 - 25.09 10.01 37 .22
Spleen 18.70 17 .88 19,33 13.50 2,01 33471 8407 2.69
Skin 0.21 <0.,03 {0,04 0.16 <0,03 0.07 <0.,02 0.75
Bone lerrow 5.72 23.31 6.68 11.93 16.04 16.22 6.37 7 .29
Epiphyses 11.64 13,57 6.23 4,64 11.37 9.00 12.62 11,37
Diaphyses 639 5.02 2,68 2.08 2.60 4,56 5.03 4,17
Skeletal muscle <0.01 <0.,01 <0.01 0.08 <0.01 0.06 - <0.,03
p——— e ———— e ——— ——— L".._Iul

—— e e ]
———




Table 17.

The percentages of the dose of lead in the tlssues of rabbits 24-hours
after the administration of 0.0lmM./kg. of lead acetate, without and with treatment
with dimercaprol glucoside.

57.

Treatment with

175mg ./kg. at l=hr

175mg./kg. at 19=hrs

dimercaprol None and 55mg./kg. at § and 55mg./kg. at 23-
glucoside. hours. hours.
Rabbit No., 3819 374 ¢ 739 3159 82 d| e d| eS| 383 4
EQH@HH.W“ wnm. 1.98 1.59 163 1.68 1Bl 100 131 1.66
Erythrocytes 4.6 2.7 l.4 - 0.8 1.3 1.8 0.4
Tungs 1.0 0.4 0.6 0.9 4.8 0.8 0.9 | 3.0
Smell intestine 0.6 0.6 0.4 0.5 0.9 l.2 1.0 l.2
" " contents 1.0 0.4 07 Qed 0.3 0.2 0.2 0.4
OOHOHH O.m O-m O.H O_om O...._- D-u 5 O_-H.
Colon contents 240 0.9 ”_ucm _O.@ ”_,.-@ O_om Oom m.m
Hhu-&hum.w.m m.o u.m Oom mcw mom H-o m'm m--ﬂ
Liver 33.8 26.3 14.3 16.9 22.5 24 .7 18.6 21.2
Spleen 0.7 0.4 03 0.1 0.1 "1l.2 0.4 0.1
Skin 1.5 <0.2 <0.2 1.0 |<0.2 0.4 <0.2 4,3
Bone marrow 8.3 26,2 6.5 11.5 16.4 15.6 6.2 7.0
Bone 16.5 14.5 7.8 6.0 7.6 13.2 14.6 12.1
Skeletal muscle 0w £0:3 £ 0.3 2.0 £0.3 Hom - ho-q
Excreted, urine 4.1 l.4 17 .8 3l.5 | £8.1 10.4 25.4 14.8
Excreted, faeces 0.2 0.8 0.9 - 0.6 0.5 - -
Injection site 7.6 0.1 26,9 0.3 0.4 l.4 2e1 0¢85
Total recovery @O-wa J‘m.u-wm Q@.mwm Qm-m“h mm..ﬁwsﬂ _.Nﬁohmmm .qmowmm «N“wouw.ﬂ
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excretion of lead, accounting for most of the metal
lost from the tissues. A large increase in the
biliary excretion of lead also occurred, about

0.6 per cent of the dose being found in the bile

from the gall bledder, as compared with 0.1 per

cent in the case of the control animals. The con-
centrations of lead in other tissues were not ;
altered to any significant degree by dimercaprol
glucoslde treatment, nor weas the faecal excretion
affected, though a longer period of observation

might have disclosed an increase, considering the

enhanced biliary excretion of lead. The high con-
centrations of lead found in the lungs of rabbits
Nos.382 and 383 were possibly due to the formation i
of some particular matter in the injection solution, |
with subsequent deposition of these particles in the|
lungs.

The main changes occurring after dimercaprol
glucoside treatment are summarised in Fig.6. The
concentrations of lead shown for the different i
organs and tissues, are the mean figures for both
control animals and for all the animals receiving
treatment. This tends to over-simplify the

results/
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Fig. 6 (a)e The mean concentrations of lead in

various tissues and organs twenty-four
hours after the intravenous administrat-

-ion of 0,01 mM./kg. of lead acetate,

Fig. 6 (b) The mean concentrations of lead in

various tissues and organs twenty-four
hours after the intravenous administrat-
-ion of 0.0l mM./kg. of lead acetate, and
subsequent treatment with dimercaprol

glucoside,

el RN St e }J(j//?
e OS50 /\1?/?/

Z
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resuits, since early treatment with the glucoside
ceused & greater decrease in the lead content of the
bones, and a greater increase in the urinary excre-
tion of lead, than did late treatment.

The effect of treatment with dimercaprol was
investigated in one experiment (rabbit No.377),
sampling only those tissues containing high concen-
trations of lead in the control animals. The

results are shown in Tables 19 and 20, and are con-

slstent with those obtained by Glnsburg and Weather-

all (1948). The main differences between the
effects of treatment with the two dithiols, are the
greater quantities of lead found in urine and bile
after administration of the glucoslde. It is
difficult to determine from which tissues this
increased loss of lead occurs, owing to the vari-
ation shown by the anlimals.

An intravenous injection of 0.lmM./kg.
(20.7mg. Pb/kg.) of lead acetate is close to the
median lethal dose for rabbits. The animals

poisoned with this quantity of lead showed signs of

considerable renal damage. All samples of urine

contained/
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contained quantities of casts, and haematuria
occurred in some cases. The kidneys of the
latter anlmals showed haemorrhagic areas. There
weas no relationship between the incidence of
haematuria and the treatment given. Varying
degrees of haemolysis were found by inspection
of the plasma,

The distribution of lead after this dose of
lead acetate is simlilar to that found after a dose
of 0.01lmM./kg., except that a higher proportion of
the dose tends to occur in the bone marrow, and
& smeller proportion in the erythrocytes (Weatherall,'
personal communication). The quantities of lead
found in the blood of the one untreated animel
(rabbit 427) are similar to the figures given by
Weatherall, but the amounts in the kidneys and urine
are somewhat higher (Table 18).

The results obtained from rabbit 423, which
was treated with dimercaprol at one and five hours
efter the administration of lead acetate, are qulte

at variance with those of the other animels. No

explanation /

Table 18/
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The percentages of the dose of lead in b

Table 18.

the intravenous administration of 0.lmM./kg.
with dimercaprol or dimercaprol glucoside.

lood, kidneys, and urine 24 hours after

lead acetate, without and with treatment

Dimercaprol

Dimercaprol glucoside

50mg./kg. at 1 hr, 50mg./kg. at 175mg./kg. atf  175mg/kg.
Treatment Nil and 12.5mg./kg. at 19-hrs and 1-hr, and at 19-hrs.
5 hours. 12.5mg./kg. 55mg./kg. at and 55mg./kg.
at 23 hours. S=hours. 23-howws
Rabbit No. 427 @ 420 ¢ 423 ' 426 ¢ 421d| 422 424 @
E.@M.mﬁﬂu Hﬂmq Ho@@ HQQN Ho@# 1.66 Ho@O Ho@..w ._-.@O
Injection
site. (0% ! 0.8 Bel <08 0.2 1.2 0.8
Plasma <03 - 3.3 <043 - <0086 <0,01
Erythrocytes| 0.8 - el <0.3 - £0,06 0.4
Mﬂu.&.h@%.m Houa o g w.u: On$ - O.m Oom
Excreted,
urine. 14 Bal 0.2 4,8 6.5 4.7 3.9
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‘explanation can be offered for this finding. If
' Thls set of results is ignored, then a close simi-
;larity 1s found between the effects of dimercaprol
‘and dimercaprol glucoside treatment. The excretion
'of lead in the urine was increased to 3-4 times that

|
!of the control animal. The concentrations of lead

in the erythrocytes and the kidneys was decreased.

Although a smeller percentage of the dose was

‘excreted than that obtained after administration of
;the smaller dose of lead acetate, with similar treat-
!meht, the actual weight of lead in the urine was |
‘higher - about 2mg. as compared with 0.2-0.5mg.
j The results indicate that the effectiveness of
Idimercaprol glucoside in promoting the urinary
iexcretion of lead was diminished to a larger extent |
by the increased dose of lead acetate than was that |
lof dimercaprol. The significance of this finding 15|
idiscussed later.

In two additional experiments (rabbits Nos.428
‘and 429), l:3-dimerceptopropanol or l:4-dithio-
erythritol were administered at one hour and five
:hours after the injection of 0,01mM/kg. of lead
‘acetate. Again the amounts of lead in only the

blood,/
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Ebiood, kidneys, and urine were studied, since these
:experiments were carried out mainly to test the
iability of the dithiols to promote the urinary

|

excretion of the metal, The results are presented

fin Tables 19 and 20. Both substances inereased the
|

‘excretion of lead, but li4-dithioerythritol tended

Jto be less effective than dimercaprol, The rabbit
treated with I:S—dimercaptopropénol, however,

|
;excreted a larger percentage of the dose of lead

‘than did any other animal in the present series of
|
‘experiments. Nearly 42% of the dose was found in

‘the urine of this animal, in spite of the very small

/dose whilch, because of the high toxicity of 1li3-dimer-

‘captopropanol, was glven. It should be noted that
'the excretlon figures for the control animals (Table

17) were 1% and 4% of the dosse.

This éxperimént was repeated (rabbit No.430) andi

'this time about 27% of the dose occurred in the urine.

iEven this result compares favourably with those
obtained after treatment with dimercaprol glucosids,

|
'and in the latter case 7-8 times the number of mole-
|

‘eules of dithiol was adminilstered.

Little/
Table 19/
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Table 19.

The concentrations of lead in various tissues 24-hours after the intra-
venous administration of 0.0lmlM./kg. of lead acetate, with subsequent treatment with di-
merceprol, li:3-dimercaptopropanol or li:4-dithioerythritol.

Treatment Dimercaprol 50mg./kg. | l:3-dimercaptopropanol l:4-dithioerythritol
at 1l-hr and 12.5mg. 12.5mg./kg. at 1l-hr and 75mg./kg. at 1l-hr and
kg. at 5-hrs. 3.2mg./kg. at 5-hrs. 19mg:/kg. at 5=hrs.

Rebbit No. 377 & 428 & 429 '

Weight, kg. 1.82 1.73 1.46

pge of lead per g. fresh weight of tissue.

Plasma <0.02 <0.15 £0.43

Erythrocytes 1.25 3.92 5.94

Liver 13.35 - =

Kidneys 4,71 6.44 830

Bone marrow 20.41 - =

Epiphyses 8+30 = =

Diaphyses 4,07 = -
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Table 20.

The percentages of the dose of lead in various tissues 24-hours after the
intravenous administration of o.OHHE.\Wm. of lead acetate, with subsequent treatment
with dimercaprol, l:3-dimercaptopropanol or li:4-dithiocerythritol.

Treatment Dimercaprol 50mg./kg. l:3=dimercaptopropanol l:4~dithioerythritol
at l=hr and 12.5mg. Hm.msm\wm. at l-hr and | 75mg./kg. at l-hr and
kg. at 5-hrs. 3.2mg./kg. at 5-hrs, 19mg./kg. at 5-hrs.

Rabbit No. 37 S 428" 430 ¥ 429 o
Weight, kg. 1.82 1.73 1.54 1.46
Plasma {0,04 {0.2 - L0.9
Brythrocytes l.4 5.9 - 4.8
Liver 20.7 - - =
Kidneys 1.3 241 - 542
Bone lMarrow 22.1 , - - -
Bone 8.2 = = -
Excreted, urine 17 .4 41,7 26.9 1053,
Injection site S3e2 0.2 0.4 _ 0.7
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Little information is available to show from
which tissues this loss of lead occurred, but appar-
ently the lead in the erythrocytes was not decreased
as 1t was in the animals treated with dimercaprol or
dimercaprol glucoside. The lead content of the
kidneys was smaller than that of the untreated animals,
and the lead in the plasma remained of negligible
quantity.

The urine of rabbit No.428 contained casts pre-
sumably due to the high concentration of lead which
must have passed through the renal tubules, but the
kidneys themselves were of normal appearance. Apart
from this, rabbit No.428 showed no signs of toxic
effects, but rabbit No.429 developed tremors, becoming
almost mild convulsions at times, after the first
injection of li4-dithioerythriol. One rabbit (not

otherwise reported) developed convulsions and dled

within thirty minutes after an injection of 150mg./kg.
of l:4-dithioerythriol, (twice the dose administered ‘

to rebbit No.429). ‘
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'LEAD: Sub=acute distributions.

The following experiments were carried out
in collaboration with Dr. M. Ginsburg and Dr. M.
Weatherall, and have already been published (Adam, et
al., 1949).

Results are presented for the distribution and
excretion of lead in seven rabbits, all of which
received, by intravenous injection, a single dose of
lead acetate containing 2,07mg. of lead per kg. of
body weight. Some of the rabbits were treated with
dimercaprol or with parathyroid extract or with both, |
‘as indicated in Table 21, and all were kllled after
twenty-one days. The parathyroid extract, which is
believed to mobilize lead from bones (Hunter and Aub,
11927), was given in the morning. The dimercaprol
was given at the same time, though injected at a
different site, and again four hours later, in order
to cover the period in which the greatest mobilization
of lead might be expected.
| The concentration of lead in microgrammes per j
gramme of wet weight of tissue and the percentage of
the dose found at death (i.e., three days after the

‘end of treatment) in various organs and calculeted

for/ r
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for various tissues are shown in Tables 21 and 22.
Only one portion of the intestine, the colon, was
sampled. The rest of the alimentary canal was the
largest amount of tissue not examined in these
animals, but probably did not contain more than 1
or 2 per cent of the dose.

Of the lead which remained in the body, regard-
less of treatment and apart from that which remained
at the site of injection (notably rabbit 399), 60
to 95 per cent was found in the bones. No other
single tissue accounted for more than a few per cent |
of the dose, and only the liver and bone marrow con=- :
| tained more than 2 per cent consistently. Similarlyi
the highest concentrations were found in the bones, !
bone marrow, and liver, which generally contained
1-10pg. of lead per g. of tissue. Other tissues
rarely contained more than lug. per g. The concen-
trations in blood cells, lungs, kidneys, bile from
the gall bladder, and skin tended to be above 0.lug.
per g. whereas those in skeletal muscle, the aliment-
ary canal, and brain tended to be below this level. |
Inspection of the results shows no striking

differences between differently treated animals. The

concentrations/

Table 21/



69.

Table 21.

The effect of treatment with dimercaprol and

concentration of lead in the tissues of rabblt
stration of lead acetate (2.07mg. Pb/Kg.)

parathyrold extract on the

8 21 days after the intravenous admini-

Treatment with

ﬁ‘\WW\WQ%

on

days 15, 186,

8u/kg/day on

deys 15, 16,

parathyrold extract None _ None and 17. and 17.
Treatment wilith 12.5mg./kg. twice 12.5mg./kg. twice
dimercaprol None daily, days 15-18 None daily, days 15-18
Rabbit No. 398g" | 3718 ¢ 396 o | 384 4| 397 9 380 @ | 399 &
Init. wt. wnm. 2.02 190 1.82 1.70 2.06 1.90 2.02
Flnal wt. Hﬁmo 1.90 1.60 1,656 1.80 1.80 1.80 -
Plaana <0.16 <0,09 <0.22 <0.,10 [<0.13 <0.05 <0.16
Blood cells 0.62 0.19 0434 Q.21 [ <027 0.07 0«35
Spleen £0.64 0,30 <3+ 30 £0.90 [€0.83 <0.23 £1,50
Bone marrow De00 <0.25 7.0 4.6 4,2 1.10 2.70
Liver 1.9 0.62 2.0 Sed 2.2 4.7 l.4
Pancreas - <0.08 - £0.45 - <0.15 &
Colon <0.07 0.01 <0.,10 0.03 | <0.08 0.01 0412
Colon contentas <0.30 0.03 £0.12 0,04 |<0,15 0.1l -
Kidneys 0.67 0416 0445 0.53 0.55 0.27 0450
Adrenals - <l.14 - <£2.07 - £0.87 -
Gonads - L0,64 - <0.64 - <0.586 -
Semlnal vesicles - - - <0.,11 - - -
Uterus - <0.04 - - - £0.086 -
H_gm_.m L0.,13 083 1.86 0.02 0,34 <0.,02 0.20
skeletal muscle 1 <0.,09 <0.01 <0.09 £0,02 0.13 <0.01 <0,07
Diaphysls 5.1 348 2.6 7.0 3¢5 4.4 l.4
Epiphysis 12.9 5.7 8.0 10.9 5.2 345 25
Ribs 19.0 6.5 9.7 10.0 7.8 6.4 1.5
Vertebrae - 6.2 - 10.0 - 5.4 -
Skull vault 12.8 104 5.5 T8 5.0 12556 2.6
Brain £0.13 0.12 <0612 0,10 0.15 <0.02 0.11
Skin 0,20 0.1 <04,15 010 |<0,14 0,10 0,30




The effect of treatment with dimerca

distribution of lead

Table 22.

prol and parathyroid extract on the

in rabbits twenty-one days after the intravenous administration of
lead acetate (2.07mg. Pb/Kg.) .

T SR S O JEUR = L Percentage of dose In entire organ or Gtissue oL
Treatment with 8u/kg/dey on deys 8u/kg/day on dey s
parathyrold extract None None 15, 16 and 17. 15,16 and 17.
Treatment with 1l2.omg./kg.twice 12.5mg./kg. twice
dimercaprol None | dally,days 15=-18 None dally,days 15-18
Rabbit No. 398 & 378 ¢ 396 & 384 & 397 9 380 2 399 &
Tnit. whs wﬂma 2.02 1.90 1.82 H.-NO_ 2.06 1.90 2.02
H_._HHHN.H 4.«._“- Hﬂm. u.o.wo H-@O H-mw.m..v Hcmo Hcmwo u-mO -
Plasma <0,30 <0.22 <0.45 <0.22 <0.30 <0.11. <0431
Blood cells 0.86 0.20 0.45 0.24 <0.30 0.08 0.48
Spleen <0.02 0.01 0.02 <0.02 0.02 <0.01 <0.,02
Bone marrow Sio <0.38 6.8 4.4 4,0 0.99 2D
Liver 2.2 0.70 2.0 4.5 2.8 5.4 1.3
Pancreas - <0.01 - <0.01 - <0.01 -
Colon <0.02 0.01 <0.02 0.01 <0.,02 0.01 AO-ON
Colon contents <0.,04 0.01 <0.05 0.01 <0.,04 0.04 i
Kidneys 0.18 0.04 0.14 0.16 0.13 0.07 0.14
Adrenals - <0.01 - <0.06 - <0.01 =
Q.OHum.Q.m e A0.0H - g AO-OM 4 AO.OH -
Lungs <0.02 0.02 0426 0.01 0.05 <0.01 0.03
Skeletal muscle <22 <0,68 <2:3 <0.58 3.3 <0.28 <1.8
Bone 35.8 19.2 18.7 27 .4 15 % 18.7 5.7
Brain <0.02 0.02 <0.02 0.02 0.03 <0,01 0.02
Skin L.2 0«61 <0.,87 0.60 <1.,00 0.57 1.8
Injected ear 023 0,02 0.14 0e4l 0.02 0.59 333
Total in carcass 44% 21% 29% 39% | 26% 26% 45%
Exereted:

.GnHau.H.umu Q.mvﬂm OlH% ”_.o..m “_-u..om H@‘@ Hu_nnm Hmau H%.@ @.m
.O.H..u.smu Q.m..%.m u..%lmu.. Hc“—- 0.8 Uom Oom ..._:--N 15553 De
Faeces, days 0-14 36,1 33.9 17.1 28.9 32.7 27.1 8.0
Faeces, days 14-21 5.7 2.7 366 2.7 2.0 3.1 4.9
Total excreted 54% 49% 41% 449 49% 45% 25%
Total accounted 98% 70% 704 83% 75% 71% | 70%
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concentrations in bone were higher in the untreated
animal than in any others. Interpretation of this
difference 1s confused by the variability of the
concentration in different bones, by the large deposit
of lead at the site of injection in rabbit 399, and by
thq variation in the amount of lead excreted before
treatment was started. Since the treated animals
did not show any definite increase in the amount of
lead outside the skeleton, the evidence that appreci-
able quantities of lead was removed from the bone by
any of the treatments is unconvincing. Other tlssues
showed no consistent differences which could be
related to the treatments.

The amounts of lead excreted before and after
treatment are shown in Table 22. Faecal excretion
was generally two to three times greater than the
urinary excretion, and the amounts of lead eliminated
appeared to depend to some extent on the quantity of
excreta passed. Treatment with dimercaprol on the
fifteenth and subsequent days after the administratiog
of lead, was followed by an increase in the concen= |

tration of lead in the urine and faeces. This was

accompanied/ %
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| 12.5 mg./kg. dimerceprol injected intramuscularly.

Fig. 7.
The effect of dimercaprol and parathyroid extract

on the excretion of lead in the urine and faeces
15-18 days after the intravenous edministration of
lead acetate (2.07 mg. Pb/kg).

Ordinates: Amount of lead excreted as a

percentage of the dose administered (1 per cent=

| 2047 pg. Pb/kg. body weight). Abscissae: Number
of days after the injection of lead acetate . D=

P = 8 units /kg. parathyroid extract injected

intramuscularly.

: ] URINARY EXCRETION,
B  .CATL  EXCRITION.




72.

accompanied by 2 reduction in the quantity of
excreta, so that there was no increase in the total
amount of lead excreted. A slight fall of doubt-
ful significance occurred in the totel quantity of
lead excreted by the rabbits treated with parathyroid
extract or with dimercaprol and parathyroid extract,
probably owing to the decrease in the guantity of
excreta which also occurred in these rabbits.
Rabbit 399 developed acute retention of urine during
the days preceding death, when over 400ml. of urine
was found in the bladder. No cause for this retén-
tion was apparent, but it accounts for the large
amount of lead recorded as excreted on the twenty-
first day.

The effects of the treatments on the elimination

of lead in the urine and faeces are shown in Fig.7.
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DISCUSSION

METHOD:

The method used in these experiments is
simple in principle, and the estimations, as com-
pared with chemical analyses, are rapid and sensi-
tive. These advantages afforded by the use of
radio-active isotopes are well known. Nevertheless,
there are certain disadvantages which must be con-
sidered; and the extensive sampling of tissues,
and the slow rate of ashing, rendered the work
laborious and time-consuming.

The effect of the radiations emitted by the
isotopes on the animals used in these experiments is
unknown, but the possibility exists that some effect
did occur. However, the general similarity between
the results obtained here and those of previous
workers who had used chemical methods indicates that
any such effect must have been small.

A further disadvaentage is that isotopes with
short half-lives limit the lengths of the distri-
bution periods which can be investigated.

Fortunately,/
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Fortunately, in the case of lead, the slowly-decaying
isotope radium D was available for use in the distri-
butlon periods of more then one day; but no isotope

i1esg
of gold, other than Au , is available and the maxi-

mum distribution period which can be attempted is
'about a week. The period could be extended by
increasing the activity of the injection solution,
but this would afford a greater risk of radiation
effects in the animals,

A new technique which has been reported recently

l(Tobias and Dunn, 1949) obviates these difficulties.
fThis method involves the neutron irradiation of ashed
Iaa:mples taken from poisoned animals iﬁ the usual
menner., In this way, the metal is rendered radio-
factive, and available for estimation, after the animal
has been killed. The distribution period can be as

long as desired, since only the stable element is

‘administered to animals. However, the method requlres

'permanent access to & pile, and facilities for the

iradio-chamical separation of the element. |
i Data concerning the dlstribution end excretlon |
:Of a poison under the influence of an antldote may
ipz-ovide considerable information regarding the way

i in/

1
i
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:1n which the antidote acts. Exceretion of the poiaon\
Im&y be promoted or its transfer to less susceptible !
‘tissuea facllitated.,

; Such results are conditioned to a large extent
fby variables such as dosages and routes of admini-
istration of polson and antidote, the periods over

'which observations are made, and the delay between

!poisonimg and initiation of treatment. Furthermore, |
|large variations occur between animals treated in the |

|
|
same way. A satisfactory investigation, demon- !

strating the effects of these variables, would involvé
|
'the use of large numbers of animals and considerable

‘time and labour. From this point of view, the
‘preaent work i1s incomplete.
! In describing the changes occurring after the

!administration of the antidote, it should be remem- |

|
'bered that part of these effects may be due to

lactions of the antidote on the animals. No doubt
|

‘the changes malinly depend on the relative dissocl-
{ability of the compounds formed between the metal and

itissue constituents and between the metal and the di-

thiol, and on the subsequent behaviour of the metal-

@aithiol/
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|

‘dithiol compound., The former factor will be influ-

:enced by.the concentration of dithiol in any given

itissue, but no data are availeble on the distri-

butions of the dithiols in the present experiments.
With due recognition of these points, the

results of the present series of experiments have

afforded certain conclusions which are dilscussed in

the following sections.

Mercg;xy
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EMercurx.

The literature describing the distribution
ia.nd excretion of mercury in animals 1s small in
|quantity, and meagre in information. Very small
!&mounts of the soluble compounds of mercury kill
animals within a short perlod of time, and hence a i
isensitive analytical method 1s necessary. A satls-
ifactory and fairly comprehensive study of the distri- |
Fbution of mercury in human cadavers after death from
Emercuric chloride poisoning, was made by Sollmann and
iSchreiber (1936). In these cases, ofcourse, compara-
|t1vely large quantities of mercury were available for |

ﬁeatimation. © They reported that mercury could be

Sfound in the following sites, in order of decreasing
Econcentration: kidneys, liver, spleen, intestinse, |
I1ungs, neart, skeletal muscle, brain, blood. Very

little mercury was excreted, for 1in such fatal cases ‘

' anuria develops early in poilsoning.
|

; Lomholt (1924) investigated the dlstribution and
:excretion of mercury in rabbits, after giving a2 series
of intramuscular injections of mercuric benzoate,
mercuric salicylate, calomel, or metallic mercury.
Only one rabbit was studied per compound, and the
animals were killed a variable number of days after

' the/
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| the administration of mercury. Iarge quantities of |
| the mercury were unabsorbed, but the most soluble

?compound, mercuric salicylate, gave the followling

|reaults after nine days: 29% of the dose excreted,
!and 34% unabsorbed; the kidneys held much the high-
}est concentration of mercury, followed by liver,

;intestines and contents, lungs, and blood, in that
|

|order.

Young et al. (1930) also studied the distributlon

!of mercury in rabbits after the administration of mer+
‘curic salicylate, but gave very scanty data. They !
i |
'reported that 'during active excretion' the quantities

Iof mercury in the tissues occurred in this order of ‘

decreasing concentration: bone, skeletal muscle, ’

‘kidneys, liver; and 'after active excretion': bone,
| |

:11ver, skeletal muscle, kidneys. In the latter caseJ

ibone contained by far the highest concentration of |

mercury. No data regarding dosage and route of !

|
‘administration, or & definition of the term 'active
excretion' were given.

Literature containing older analyses was |

Iunfortunately inaccesslible, but Sollmann and Schreiber

(1936) quote Lomholt (1928) as describing, in a review
of/
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distribution to that which they had found.

The radio-active tracer method is well suited %o

application in such a problem as thls, where only

'minute quantities of a substance are available for

estimation. Although the mercury used was of com-

paratively low specific activity, quantities of the

order of O.lug. in an average sample could be detect-

ed. This enabled extensive and accurate investi-

gations of the fate of a single intravenous dose of

| mercuric chloride to be made.

The results are largely in accord with those

. obtained by Lomholt, and by Sollmann and Schreiber,

described above, Quantitative differences occur
because of higher doses and slower rates of absorp-
tion in the studies of these authors. The only
qualitative differences are that Sollmann and

Sohreiber found larger amounts of mercury 1in the

heart and spleen, but thls may be related to the

route of adminlstration.

The observations of the present studles are not

consistent with the data of Young et al. (1930).
These authors suggested that the dlstribution of

mercury/



80.

;mercury was very similar to that of lead, but the

!resulta shown in Tables 2 and 16 indicate that these

| elements differ markedly in thelr affinlities for
iparticular tissues. For instance, lead was found
to concentrate in the bone, bone marrow, and spleen,
!

‘whereas only small quantities of mercury occurred in |
|

these sites.

i The slow excretion of marcufy, predominantly in
| the urine, has been noted in all these works, as well
!as in the present studies where less than two-thirds
of the dose of mercury was excreted in two weeks,

The strlking decreases whilch occurred in the

.| concentrations of mercury in the kidneys after treat-!

iment with dimercaprol, account for the diminlshed .

renal injuries noted by Ginzler (1946) and by Gilman

iet al. (1946a). These authors found that delay in
!treatment greatly decreased the protection afforded |
ito the kidneys by dimercaprol, yet the present experi%
ments show that the quagtities of mercury in the
kidneys are still diminished by treatment begun

' geveral days after polsoning. Presumably after a

time depending on the dose of mercury, lrreversible

changes take place as the result of the prolonged

contact/ |
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contact of the mercury with susceptible emnzymes, and
:tha leslion remains although the mercury is removed.

| Thls decrease in the comcentration of mercury in
éthe kidneys has also been reported very recently by
:Fitzsimmons and Kozelka (1950) who administered lOmg.
iof mercurlic chloride to Rhesus monkeys by the oral |
iroute, and 0.5mg./kg. of mercuric chloride intra-
|peritoneally in rats, and subsequeﬁtly treated the ?
animals with dimercaprol. These authors state that
the mercury contents of other tissues were raised
after dimercaprol, but do not give any details. They
also found that the rats excreted more mercury in the |

urine after treatment with dimercaprol, but that the

faecal excretion was unchanged.

|
This increased urinary excretion of mercury was ‘
found in the present work, and it occurred even when |
Etreatment was delayed until nine days after the adminﬁ
;1atration of mercuric chloride, Thls effect suggest%
ithat dimercaprol therapy might prove beneficlal in !
more chronic types of mercury polsoning. Evidence |

|

:was obtained that the increase in the excretion of

mercury was transient in splte of continued treatment,
but possibly intermittent courses of dimercaprol !

therapy/
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therapy might induce repetitions of the initial
effect.

The fact that continued treatment does not
‘maintain a supra-normal excretion of mercury although
Ta considerable amount of the metal remains in the
'body, Indicates that the mercury fixed by the
?tissues can be divided into two categorles. One
isection of the mercury 1s comparatively labile, and
' readily leaves the tissues to combine with dimer-
:caprol; the other section must form a less readily
;dissociated compound with some tissue constituent.
!This raises the possibility of an alternative cheml-

cal configuration which would form a more stable com-

pound with mercury than does dimercaprol.

! Gilmen et al. (1946a) have shown that dimercaprol
| |

ican react with mercuric chloride in vitro to form at

?least two different complexes. From a consideration

| of the moleculaer proportions in which the substances

| combined, the following formulae were suggested: ,

|

Eioe b Wi CLULLIE H)|

HZC-"__'Q\\‘ H,C S HS{ 2

H |

- o ? and 2 |
HC.=—= HC——SNa ° NaS—CH |

o el HC— OH HO——CHj,.
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The latter compound was soluble, and was con-
sidered to be the more likely of the two to occur in

vivo. It was also stated that the second compound

was more stable than the first. This is surpriaing,'

since dithiols form more stable cyclic compounds

with arsenic than do monothiols, which would form

| just such an open=-chailn structure as is suggested

for the second complex. However, it 1s difficult
to present any sultable alternative formulse.

These workers also found that the toxilecity of
the second complex, when administered to rabbits,
was equal to that of mercuric chloride. Obviously,
the excess of dimercaprol usually administered in
mercury poisoning must diminish this toxicity in
some way. The effect 1s reminiscent of that of the
dimercaprol oxophenarsine compound, which has a
toxlcity equal to that of oxophenarsine 1ltself, but
if additional dimercaprol is administered the tox-
icity is reduced to one-fifth (Peters and Stocken,
1947). The latter authors ascribe this effect to

suppression of the dissociation of the dimercaprol-

| oxophenarsine compound by excess dimercaprol. Gilman

et/
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et al. on the other hand, believe that the corresp-

onding effect with mercury is due to the additional
dimercaprol reacting with mercury released from the

complex by intracellular oxidation of dimercaprol.

|However, the evidence for such destruction of dimer-

‘caprol is controversial (Webb and van Heyningen,

11947; Berron et al. 1947).

Support was given to the hypothesis of Gilman

‘et al, by the toxicities of the compounds formed by

dimercaprol glucoside and mercury. These compounds

‘result from similar in vitro reactions to those -

' between dimercaprol and mercury, and similar formulae

HGC—S
Zc

were suggesteds:

N I

He—s~ HC —S—Na. Na—S — CH

2

|
H,C—O0—CeHilOs  OsHiGe—0 ~CH2

Eﬁa toxicity of the first complex is about half,.

'and that of the second about one-eighth that of mer-

| curic chloride. Yet the mercury dissociates more

;readily from this first complex than from the second

dimercaprol/
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- dimercaprol compound. Gilman et al, suggested that |
| this was due to the éxtracellular distribution of

| the glucoside, with consequent immunity to oxidation.

| |
| The results reported here support to some '

extent the hypothesis of such a distribution of di-

| mercaprol glucoside. The mercury level in the |

| plasma was consistently raised after treatment with
| the glucoside, but not after dimercaprol therapy. |
! It 1s difficult, however, to describe the increased |

| biliary excretion of mercury as an extracellular i

| |
} effect.

i Furdher evidence on thls hypothesls is not |
|‘given by the present studies, since the distribution;
| of the preformed complexes were not studled. l

Considering the slze of the dose, and the water%
solubility, of dimercaprol glucoside, it is aurpris-l
ing that the excretion of mercury in the urine afterl

treatment with this substance was less than that

obtained after dimercaprol therapy. It was consid-

ered that the initlal large dose of dimercaprol
glucoside might possibly have directed mercury to ‘
the kidneys in such high concentrations that damage
resulted; but in one experiment (rabbit 407) the ‘
treatment was altered so aa to give three similar

medium—/
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medium-sized doses of the glucoside, but this did not
alter the quantity of mercury excreted. It should
‘also be noted that when dimercaprol glucoside was
administered immediately after the mercury, the
quantities of metal in the urine after one hour were
‘slightly higher than those obtained after dimercaprol
treatment at corresponding times.

Possibly some type of renal damage occurs within
'en hour after the administration of mercury, and can
be elleviasted by dimercaprol but not by dimercaprol
glucoside treatment, but this conception has little
éfactual support.
-i Nevertheless, Gilman et al. (1946a) found dimer-
caprol glucoside to be as effective an antidote in
émercury poisoning as was dimercaprol, in equimolecular
!doses. As even larger doses of mercury were admini-

'stered in those experiments, it must be assumed that

the mercury retained in the plasma by dimercaprol '
iglucoside is as effectively non-toxic as if it had
:been excreted in the urine. Possibly this plasma
ﬁarcury would have been found to diminish, and the
%stal excreted in the urine increased, had the observ-
ations been prolonged beyopd 24 hours. In any case,

‘the/
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the fact that the plasma mercury was malntained at
that level suggests that either the complex was
attached to plasma proteins, or else that the renal

tubules tended to reébaorb its Experiments

. studying the renal clearance of mercury under these

conditions might throw some light on the problem.
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Gold.

In the case of gold, there is rather more
information available regarding the tissue distri-
bution of this element, possibly because compara-

- tively large amounts of gold can be administered to
'animals without causing serious toxic effects and the
chemical methods of analysis appear to be qulte sat-
isfactory. :
Orestano (1932) injected 19mg. of gold/kg. as
gold chloride, intravenously in rabbits, and after
:five days found 3mg. of gold in the kidneys, 0.5mg.
:in the liver, O.4mg. in bone marrow, 0.2mg. in the
spleen, and only a trace in the lungs. Leulier and
Béruard (1938) reported distributions of gold in
rabbits over various periods, from a few minutes to
one month after the intravenous injection of 40mg.
of gold/kg. The liver, spleen, and lungs contained
large amounts of gold at first, but the concentrationi
' in the lungs decreased very rapidly. Only small
quantities of gold occurred in the kidneys, and very
| little in the plasme. The smaller gold content of
the kidneys, as compared with Orestano's findings,

im.ay/
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mey be related to the different compound of gold used

(calcivm aurothioethanesulphate).
Block et al. (1941, 1942) administered Img. of

gold, in the form of various therapeutic preparations,

'per day for fourteen days to rats by intramuscular

injection. One day after the last injection, high

'concentrations of gold were found in the kidneys,

' liver, and spleen, and only small amounts in the lungs

and heart. Considerable quantities of gold remeined

' in the plasma, but none could be detected in the blood

cells.,

108
The radio-active isotope, Au , has been

' utilised previously to trace the tissue distribution |

of gold. Ely (1940) administered gold chloride, con-

18 _
taining Au B, to rats by the oral, intraperitoneal

' and subcutaneous routes. Very little absorption

| ocourred from the intestine during the first 24 hours,

but within three days most of the dose had been

| absorbed, and & large proportion was found in the

kidneys. The adrenals, lungs, lymph nodes, liver
and spleen also contained rather large amounts of

gold, but very few details were given and only four

animals/
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animals were investigated.

Thirty days after the intravenous injection of
10mg. of gold, e&s gold sodium thiosulphate, in a
'mouse, concentrations of 0.4mg. of gold per g. to
0.005ug. per g. were found in the following tissues
'in order of decreasing magnitude: liver, ovaries,
.thymus, adrenals, lungs, lymph nodes, spleen, kidneys,
heart, bone, pancreas, skin, gall bladder, tendon,
5muacle, blood cells, brain, gut, plasma. A recovery
‘of 23% of the dose was obtained, and the rest of the
gold was assumed to have been excreted (Tobias and
Dunn, 1949).

The excretion of gold is generally slow. ILeulier
and Béruard, in the experiments quoted above, found
‘only 8% of the dose excreted in the urine in 25 days.
After the sdministration of 50mg. of gold, as auro-
!thioglucose, to a patient, about 14% of the dose was
'excreted in the urine in 7 days, and about 4% in the
faeces (Kent end McCance, 1941). Clinical reports
' state that about 20% of the dose is excreted in a
'week after the administration of 100mg. of gold, but
ithat excretion may continue for several months (Frey-
!berg et al, 1943; Comroe, 1945).
| Rats/
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Rats appear to excrete gold more readily then
do rabbits or humens, for Block et al. (vide supra)
reported urinary excretions of 68% of the dose after
administration of sodium succimidoaurate and 41§
after gold sodium thiosulphate. Less soluble gold
‘compounds, such as gold calcium thiomalate, tended
to be excreted more in the faeces than in the urine.

The present experiments indicated that, in
rabbits, about as much gold weas excreted in the
faeces as in the urine a few days after the injection
of gold chloride. They also confirmed the slow rate
of excretion of gold in this species. The results
of the tissue distributions are in general agreement
- |with those obtained by previous workers. The concen=
Itrations of gold in the plasma are notably high, as
' found by Block et al. (1941), but in contrast to the
findings of Leulier and Beruard (1938) and Tobias andj
‘Dunn (1949). |
f The 'low recoveries, and their possible cause,
!obtained in the present experiments have been dls-
icussed elready. For two reasons, it is felt that
ithe resulﬁs are not so merred by the poor recoveries
as to.prohibit their inclusion in this thesis. They
‘are/
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are not incompﬁtible with previous work on untreated
animals. The error of the duplicate estimations is
sufficiently low to suggest that similar fractions

of gold were lost from each sample; therefore the
results from treated and untreated animals are likely

to be comparable, fulfilling the main purpose of the

experiments. Nevertheless, it 1s desirable that the

work should be repeated when the cause of the loss of |
gold has been determined.

The changes occurring after the administration

' of dimercaprol consisted mainly of a decrease in the

gold content of the blood and an increase in the

urinary excretion of the element. The excretion was |

| almost doubled, but still consisted of only 6-9% of

- the dose after twenty-four hours. This effect has

' also been noted by Kuzell et al. (1948), after intra-

venous administration of gold sodium thiosulphate or

| gold chloride in rabbits, and subsequent treatment

 with dimercaprol.

Unfortunately, dimercaprol glucoside was not
available for investigation at the time of these
experiments. l:3-dithiols have not been tested as

antidotes/
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antidotes to poisoning with gold, but it is possible
that gold would combine more readily with these sub-
stances than with l:2-dithiols, in a similar manner to

lead (vide infra). Levey and Smyth (1947) analysed

the complexes formed between dimercaprol and gold
'sodium thiosulphate or gold sodium thiomalate. 1In
both cases, two atoms of gold were present for each
molecule of dimercaprol, indicating an inability to
form a cyclic compound like that postulated for the
;arsenic-dimercaprol complex.

Levey and Smyth also found that the admini-
stration of dimercaprol increased the survival-time
'of rats injected subcutaneously with 75mg. of gold/kg.
r!as gold sodium thiosulphate, but some of the animals
died of renal damage later. This is reminiscent of
‘the effect of dimercaprol in cadmiuvm poisoning
(Gilman et al, 1946b; Tepperman, 1947). However,
'no direction of gold by dimercaprol towards the
!kidneys could be found in the present experiments,
‘'possibly because of the different specles, dosages,

and route of administration used.

Lead/
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Tead: Acubte distributions.

In contrast to the cases of gold and mercury,
the fate of lead in the body has been the subject of
extensive investigations. Since comparatively large
amounts of lead can be administered to animals with-
out causing early death, and adequately sensitive
chemical methods have been available for some years,
a number of satisfactory studies have been carried
out. The radio-active isotopes of lead have been
used previously (Lomholt, 1924; Behrens, 1925;
Ginsburg and Weatherall, 1948; etc.) for tracing the |
‘metabolism of lead by similar methods to that used in
fthe present studies, and by means of autoradiographs.

Because of the abundance of data which has ;
accrued from these works, only those results immedi- ;
ately applicable to the present discussion will be
considered; that is, those in which rabbits were

poisoned by the intravenous adminlstration of lead

| saltse.
i

i Forty-five minutes after the injectlon of 30 or

i?O.?mg. of lead/kg. as lead nitrate, about 25% of the

' dose/
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dose was found in the blood, 35% in skeletal muscle,
5% in the liver, and 5% in the bones (Schiitz and
Bernhardt, 1925). At one hour and six hours after
the administration of 2mg. of lead/kg. as the acetate,
Ginsburg and Weatherall (1948) found 50% of the dose
in the liver, and high concentrations of lead in the
spleen, bone marrow, kidneys, lungs, and bonse.
Weyrauch (1931) obtained similar results sixteen
hours after administering l2mg. of lead/kg. as the
nitrate. By twenty-four hours, little further change
occurred, and about 1% of the dose had been excreted
in the urine (Ginsburg and Weatherall).

. As has been stated already, the results obtained
in the present series of experiments were consistent
with those reported by Ginsburg and Weatherall in the
case of the 0.0lmi./kg. dose of lead, and by Weather-
all for the O.lmM/kg. dose.

Treatment with dimercaprol glucoside greatly
increased the urinary and biliary excretion of lead.
These effects also occurred after the administration
of dimercaprol (Ginsburg and Weatherall, 1948, 1949),
but in that case were of smaller magnitude. After

raising/




96.

raising the dose of lead acetate to 0.lmM./kg. and
retaining the same treatment with dimercaprol or
dimercaprol glucoside, the proportion of the dose
excreted in the urine was diminished, though the
actual weight of lead excreted was increased. It is
interesting that, under these conditions, dimercaprol
‘and dimercaprol glucoside were approximately equally
effective in Increasing the urinary excretion of lead.
;Poasibly this decreased efficiency of the glucoside
'in comparison to dimercaprol after a large dose of
'lead can be explained by a greater proportion of the
idose of lead occurring in intracellular sites, to
%which the glucoside is unable to penetrate. However,
'§1n contrast to the results obtained with mercury,

Ethe lead content of the plasma was not observed to
éincreaae after administration of dimercaprol gluco=~
;side; and no other evidence of an extracellular dis-
|tribution was obtained.

@ - In spite of the reports by some authors (Braun |
iat al. 1946; Germuth and Eagle, 1948) of a potenti-
iating action of dimercaprol in acute lead polsoning,
ino direction of lead by dimercapfol to some suscept-

|

|ible orgsn has been observed. The investigations on

|
' the/
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the effect of dimercaprol on the mortality-rates of
animals poisoned with lead have been mentioned briefly
in the Introduction. It seems likely that in those
cases in which dimercaprol has potentiated the action
of lead, rapid mobilization of that element from sub-
cutaneous or intraperitoneal depots has taken place.
Germuth and Eagle (1948) found that a preformed com-
plex of lead and dimercaprol was of equal toxicity to
that of lead acetate itself. This is reminiscent

of the tdxicities of the oxophenarsine - and mercury%
dimercaprol compounds mentioned previously (p.83).
Possibly in the case of lead also, excess dimercaprol
has a protective action. From & study of the
dosages of lead and dimercaprol used in these tests
of dimercaprol as an antidote, the impression is
gained that where the two substances are likely to
meet in such proportions that more than one molecule
of dimercaprol is present for each atom of lead,

then the actlion of dimercaprol tends to be beneficial.
Certeinly such an action has been found in those
cases where indicators of poisoning, other than
death, were studied, and hence smaller doses of lead

were/



98.

‘were administered (Weatherall, 1948; Chiodi and
Semmartino, 1948; Mack, 1948).

While arsenic probably forms a very stable five-
membered ring with dimercaprol, there is no evidence
that lead acts iﬁ & similar manner. Indeed, the
greater size of the atom of lead, and the difference
in valency possibly indicate that a six-membered
‘ring might prove more stable.

It was with these considerations in mind that
experiments were carried out to test the ability of
a 133~ and a liéd-dithlol to promote the excretion of
' lead. From the limited information availlable, it

‘appears that lead combines more readily with a 123-

" |aithiol than with either & 1:2- or & l:4-dithiol; at |

Eany rate, the urinary excretion of lead was greatest

‘after the adminilstration of li3-dimercaptopropanol,

'in spite of the small dose of this substance which

was given.

fSubacute distributions:

; The distribution of lead in the untreated
:animal showed no unexpected features. As has gener=-
ially been found in rabbits (Kisskalt and Friedmenn,
11914; ILomholt, 1924; Kehoe and Themann, 1933) the

' excretion/
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excretlion of lead was greater in the faeces than in
the urine after the first day or two, and the combined
excretion amounted to about half the total dose in
three weeks. The rate of excretion roughly followed

an exponential curve, and has reached a very low

'level by the end of the experiments.

The lead remaining in the body was located mainly
in the bones; bone marrow and liver were the only
other tissues in which concentrations usually

exceseded lug. of lead per gramme. The present figuréa

' for the concentrations of lead in skeletal muscle and |

brain are lower than those obtained by Kisskalt and i

 Friedmann (1914) and by Kehoe and Thamann (1933).

 However, the method employed by the latter authors

'was unreliable (Kehoe et al. 1935), and their figures|

- and Eagle (1948) observed larger increments in the

may be disregarded. _ . ,
The effects of treatment were small. The admin%
istration of dimercaprol possibly induced a slight *

increase in the urinary excretion of lead.  Germuth |

E urinary excretion of lead by rabbits up to eleven

? days after the last dose of lead, but they had

administered/
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administered several doses of 200mg. of lead acetate
subcutaneously and their rabbits therefore had a depot
from which lead was almost certainly being continuous-
1ly absorbed and was in addition possibly mobilized by
dimercaprol. Even so, as here, successive doses of
dimercaprol had a rapidly diminishing effect on urin-
ary excretion, and any effect on faecal excretion was |
obscured by a diminished output of faeces. The amount
of lead in blood cells decreased during treatment, and
probably accounted for a large part of all the extra
lead excreted. As stated previously, the bones may
also have contributed a 1little. A decreased concen-
tration of lead in the bones of rabbits poisoned with
|large amounts of lead and treated with dimercaprol has
‘been reported by Braun et al. (1949), but treatment
was initiated at an early staée of poéisoning. The
'data of Ryder et al. (1947) and of Telfer (1947)
suggest that dimercaprol has rather more effect on the
lead of the blood cells, and urine in man than in
rabbits. Ryder et al. (1947) also state that extend-
ed courses of treatment with dimercaprol were prohib-
.itad by the occurrence of toxic effects due to the
daithiol/ '



101.

dithiol. It seems possible that the use of dimercap-
rol glucoside might overcome this difficulty.

The changes after parathyroid extract were also
minimal, There was no increase in the excretion of
Ilead in the blood cells. It does not appear that,
éwith the doses used in the rabbit, parathyroid
‘extract has any appreciable effect on the distribution
of lead once most of the lead is deposited in the
bones. Consequently, the expectations based on the
use of dimercaprol and parathyroid extract together
were not fulfilled, and the negative results of the
combination must be attributed to the lack of action

of the parathyroid extract alone.

Dithiols/
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'Dithiols.
i Few generalizations on the actions of di-

|
|
|
%thiols can be made from these studies. The one con-!
!sistent finding 1s that the urinary excretlon of the |
ipoispn was increased in each case by treatment with !
| dithlols, while the faecal excretion was not signifi-
icantly altered. The increased urinary excretion hasI
|been found in various studies of the effect of dimer-‘
'caprol in metallic poisoning - by arsenic (Chance and

Levvy, 1947), by zinc (Bruner, 1950), and by cadmium |
(Tepperman, 1947), though in the latter case the ‘
| faecal excretion was also enhanced. It has also
been reported that dimercaprol glucoside increases

the urinary excretion of copper and zinc in normal

1subjects (McCance and Widdowson, 1946). It appears,
| therefore, that the antidotal action of the dithiols |
consists not only of an inactivation of the polson
but also of an increased elimlnation of the substance

from the body.

There was no consistent effect by dithlols on
the tissue distributions of the elements 1nvestigateé

| in the present work. For instance, dimercaprol

greatly/
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lgreatly reduced the concentration of mercury in the

' kldneys, but did not affect the concentrations of

gold or lead in that site although those concen-

trations were quite high; and Tepperman (1947) has
' reported that the amounts of cadmium in the kidneys
of animals poisoned with thls metal are increased
‘by treatment with dimercaprol. Dimercaprol gluco-
| side increased the concentratlion of mercury, but not
i of lead, in the plasma, while dimercaprol had no

. effect on the concentrations of eilther element in
of dithlols on the tissue distributions of any metal

| bution of another metal; the effect of each dithiol
on each element must receive individual Investigation
The different tissue distributions shown by
metallic substances is indlecative in 1tself of the
varying affinities of these substances for certain
| chemical configurations. Mercury does not concen-
trate in the spleens of rabbits, and is readlly
removed from the body by treatment with dimercaprol;
gold and lead occur in high concentrations in the

spleens of these animals and are not readlly removed

from/

the plasma. It appears that at present, the actions|

cannot be predicted from their actions on the distri-
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|from there, or indeed from the rest of the body, by
|

'dimercaprol. Pogslibly, therefore, & knowledge of

|
{the constituent of the spleniec cells wilith which gold

pound possessing greater affinity for these elements

|cal, approach to the problem is the testing of other
Idithiols_and compounds known to combine with gold and
lead in vitro. As has been shown, li3-dimercapto-
propanol has given promising results in poisoning with
lead. The essential point appears to be that recog-
nition of the chemical affinities of metalllc poilsons

‘|must lead to a specific antidote for each poison.

Summary/

‘than does dimercaprol, and hence possessing greater !

antidotal activity. An alternative, and more empiri-

and lead combine might indicate another type of com- |

=




1.

| 2.

105.

SUMMARY. .

Studies have been made of the distribution

and excretion of mercury, gold and lead, in

rabbits, without and with treatment with dithiols,
The method involves the use of radio-active iso-

topes of these elements. _ I

Merqurx. |
After the intravenous injection of 5uiM./kg.
of mercuric chloride, the highest concentrations
of mercury were found in the kildneys. 0f the
other tissues, only the liver contained more thani
one microgramme of mercury per gramme consistent-
iy. The excretion of mercury was slow and
accounted for only two-thirds of the dose after
two weeks, occurring mainly in the urine.

After treatment with dimercaprol, much

smaller amounts of mercury were found in the

kidneys. The excretion of mercury in the urine]
was greatly enhanced, but the faecal excretion
was unaffected. These changes were found even

when/
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|
excretion of mercury was less than that obtained

106,

when treatment was delayed until nine days after
poisoning. ;
Simllar changes occurred after the admini-
stration of dimercaprol glucoside, except that
the concentrations of mercury in the plasma, and

the biliary excretion, increased. The urilnary

after treatment with dimercaprol.

Gold. |
After the intravenous injection of 0.01mM./
kge. of gold chloride, high concentrations of gold
were found in the spleen, kldneys, plasma, bone
marrow, liver and bile. Excretion occurred very
slowly, about one-fifth of the dose being elimi-
ﬁated in the urine and faeces in five days.
After treatment with dimercaprol, the concen-
trations of gold in the blood were reduced and

the urinary and biliary excretion increased. No

substantial change occurred in the amounts of |

gold found in oﬁher tissues, or in the faecal

excretion.

Lead.

High concentrations of lead were found in

the/



7

107.

the liver, spleen, bone marrow, epiphyses, and
kidneys, twenty-four hours after the intravenous
injection of 0.0lmM./kg. of lead acetate. Only
1-4 per cent of the dose was excreted in the
urine in this period.

After the administration of dimercaprol
glucoside, the quantities of lead in the liver
and blood cells decreased. This was accompanied
by increased urinﬁry and biliary exeretion of

lead.,.

Both dimercaprol and dimercaprol glucoside

increased the urinary excretion of lead after the

injection of O.lmM./kg. of lead acetate, and were|

approximately equally effective. ‘

After the intravenous injection of 0.0lmM./kg.

of lead acetate, treatment with li4-dithiocery-
thritol slightly, and with l:3-dimercaptopropancl

greatly, increased the urinary excretlon of lead.|
|

Twenty-one days after the intravenous injec-
tion of 0.0lmM./kg. of lead acetate, about 50 per

|
cent of the dose had been excreted, predomlnantly

in/
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in the faeces, and the bones contalned about

25 per cent of the dose. The bone marrow and

the liver were the only other tissues which con-

sistently contained more than 1 per cent.
Treatment.with dimercaprol or parathyroid

extract or both, caused no substantial change in

the distribution or the excretion of lead, apart

from a transient increase in the urinary excretion

after dimercaprol.

The method and the significance of these

results are dilscussed.
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