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CHAPTER I

PHARMACOLOGY OF THE BROMIDES 

History
Bromine was discovered as a substance contenue 

dans l*eau de la mer by Balard in 1826. Its  chemical 
sim ilarity  to iodine prompted its  tr ia l against glandu
lar swellings , syphilis , and thyroid disorders . Al
though the bromide ion proved useless when thus used as 
a substitute fo r  iod ine, its sedative action was no ted. (1) 
In 1838 Graf described the physiological and therapeutic 
uses of thq bromides, and by 1853 they had proven c l in i 
ca lly  useful in epilepsy and neuroses, in sp ite  of the 
fa c t  that Lacock had advocated their use fo r  their an- 
aphrodisiac a ctiv ity  rather than fo r  their sedative prop
e r t ie s . (2) The sedative action of the bromide ion was 
u tilized  by Behrend in 1864 to promote sleep , ( l )  F ifty  
years a fte r  its  discovery, bromine was comprehensively 
reviewed in German by Krosz ( l ) ;  a year la ter, in 1877, 
Seguin (2) discussed both the uses and abuses of this 
currently popular drug.

Fate in the Body
Since the organism does not distinguish sharply 

between the halides, the d istribution  of bromide is very
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sim ilar to that of ch lorid e . Following oral ingestion, 
the bromides are rapidly absorbed from the gastro-in 
testinal tract. A seemingly preferential retention of 
the bromide ion at the expense o f  the chloride leads to 
gradual replacement of the chloride in the extracellu lar 
water. (3) Thus, in general, the d istribution  of bromide 
in the various organs and body flu id s  depends upon their 
respective chloride content, with a few notable excep
tions .

According to Hastings, Harkins, and Liu (4 ), the 
red blood c e lls  have an especial attraction fo r  bromides. 
Following bromide in jections into a series of dogs, they 
found the ratio Bromide: Ohio ride in the ce lls  to be 
greater than in the serum. Weir and Hastings (5) deter
mined that the bromide d istribution  ratio between c e l ls  
and serum was s ix  per cent higher than the corresponding 
chloride r a t io . But this penetration of the c e l l  mem
brane does not seem to occur elsewhere in the body, 
since almost a l l  other organs and tissues contain bro
mide in rather constant proportion to their chloride 
content. Thus, fo r  example, the ratio  serum bromide: 
peritoneal flu id  bromide is 1.03, demonstrating a 
fa ir ly  even d istribution  o f bromide between serum and 
peritoneal f lu i d . (5)

Conversely, the cerebrospinal f lu id , which has
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a somewhat higher chloride concentration than the serum, 
contains d is tin ctly  less bromide. In 1938 Wallace and 
Brodie (6 ,7 ) confirmed the previous work of Mason that 
the bromide ion d istributes i t s e l f  evenly throughout the 
central nervous system, but at a lower level than in the 
blood serum. About the same time, Weir and Hastings (5) 
concluded that the ratio  of serum bromides to spinal 
flu id  bromides was 1.19. This strong retention of the 
chloride ion within the central nervous system may be 
taken as evidence f o r  the necessity o f chlorides in the 
proper functioning of the nervous system. Wallace and 
Brodie postulated that the central nervous system main
tained a barrier to bromides e ith er through a selective  
permeability or by a filtra tion -reabsorp tion  mechanism; 
but Patrick and Eadie (8 ,9 ) have recently advanced the 
theory that bromides are actively  secreted from the sp i
nal flu id  into the blood stream, presumably by the Pac
chionian bodies.

The thyroid gland, as well as the hypophysis and 
the ovaries, often have a high bromide content, due in 
the case of the thyroid, to replacement of iodide by 
bromide. A ll the halides tend to wash inorganic iodine 
from the body and prevent new supplies of iodine from 
being taken up by the thyroid. This retention o f bro
mide is accompanied by a considerable increase in the
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fresh weight of both the thyroid and hypophysis. (10,11, 
12) Although bromine has never been c la s s if ie d  as a 
goitrogenic drug, sodium bromide w il l  cause a d is tin ct  
augmentation of the thyroid enlargement produced by 
th iouracil, probably by increasing the rate of excretion 
of iodine in the urine,(15 ,14,15)

In 1901 Laudenheimer pointed out that bromide 
retention results in the formation of a bromide depot. 
Thus bromide diffuses free ly  into and from tissues wher
ever chloride is present until an equilibrium is estab
lished between intake and output.(3) Theoretically , 
then, since neither chloride nor bromide penetrate c e l l  
membranes readily , most of the bromide is contained 
within the extracellu lar f lu id . But Bo dans ky and Mo- 
d e ll (16) have pointed out that during prolonged bromide 
administration, the amount of bromide retained was often 
greater than could be accounted fo r  by assuming d is t r i 
bution in the normal volume of extracellu lar f lu id .
This difference must be due either to the above-men
tioned glandular retention or to some penetration of 
ce lls  by the bromide ion.

Channels of Excretion
Bromides are excreted ch ie fly  by the urine , 

smaller quantities being eliminated by the fe c e s , sweat,
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and other sec re tions . ( l )  For a l l  practica l purposes , 
the amounts excreted in feces and other secretions may 
he regarded as n e g lig ib le .

Under normal circumstances, the blood sodium 
chloride remains remarkably constant, any excess being 
removed by the kidneys. Upon ingestion of bromides, 
chloride is rapidly excreted to maintain the osmotic 
equilibrium of the blood and tissue f lu id s . Thus, a l
though there may be a s lig h t  elevation in the tota l 
ionic count in the plasma, particularly in the early 
stages of bromide ingestion, the kidney tends to main
tain the to,tal halide concentration of the plasma at or 
very near the normal chloride concentration. Since the 
body tends to retain bromide, the iso ton ic ity  of the ex
tracellu lar flu id s  is maintained a t f i r s t  almost so le ly  
at the expense of ch lor id e . But as the concentration 
of serum bromide r is e s , the d iffe re n tia l excretion of 
bromide and chloride decreases. Thus the course of uri
nary excretion is influenced not only by the amount of 
bromide ingested, but by the tota l serum halide concen
tration, the ratio of serum bromides to serum ch lorides, 
and, as w ill be seen, to the tota l bromide depot main
tained in the body.(16)

Since bromide excretion depends upon the chloride- 
bromide ra tio  in the serum, administration of chlorides
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w ill hasten the elimination of bromides, ch ie fly  by e le 
vating the tota l plasma halide concentration. Thus Bo- 
dans ky and Modell found that in dogs excretion of bro
mide in more than neglig ible amounts did not occur at 
levels below 108 mM per l i t e r  of plasma. Even in pe
riods of diuresis following large injections of sodium 
ch loride, sodium bromide, or the subcutaneous in jections 
of salyrgan or theophylline, the kidney excreted ch lo
ride preferen tia lly . (17) Further evidence that the kid
ney does d ifferen tiate  between the chloride and the bro
mide ions is found in the recent work of Wolf and Eadie. 
Using a simple and accurate m odification o f the gold 
chloride method for  bromides, they demonstrated that 
this preferential excretion of chlorides is mediated by 
a tubular reabsorption of bromide by the kidney. (18)
Thus i t  follow s that the mere presence of bromide in the 
blood does not necessarily imply that this ion w ill  be 
concomitantly present in the urine. Its presence w ill 
depend more upon the to ta l halide plasma concentration.

Bromide excretion depends somewhat on d iuresis, 
but only im perfectly. Salyrgan and theophylline increase 
bromide and chloride excretion considerably, sodium su l
fate and water very l i t t l e .  Although urine flow  is in
creased by the sa lt  action o f bromide, or perhaps rather 
by the excess chloride being excreted, the volume of
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urine tends to be related to the tota l urine halide con
centration rather than to the bromide concentration, ( l ,  17) 
Differences noted in the literature concerning the role 
of diuresis in bromide excretion can usually be explained 
by considering e ith er the type o f d iuretic or the animal 
employed in the experiments . Hence, salyrgan, which pro
motes diuresis principally  through lessening tubular re- 
absorption, would increase the excretion of bromide, 
which is retained ch ie fly  through tubular reabsorption.
As dehydration is a common symptom of bromide intoxica
tion, together with a lowered plasma chloride lev e l, ad
ministration of water or physiological saline solutions 
may so benefit the patient as to lead to the assumption 
that bromide excretion has been stimulated.

Species d ifferences in handling bromide and 
chloride must always be kept in mind, as w ell as the age 
of the experimental animal. MoHer, Frey, and Bernoulli 
(17,19) found that rabbits excrete bromide as easily  as 
chloride ; while investigations in the dog almost unani
mously indicate that the kidney excretes chloride pref
eren tia lly . Moreover, a l l  young animals have a propor
tionately larger volume of extracellu lar water and seem 
to excrete halides ea s ily . Plasma clearance fo r  rabbits 
averages 30.2 per cent with rather wide individual d i f 
ferences, while that fo r  dogs averages only 26 per
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c e n t .(20) The opossum retains sodium and chloride to a 
marked degree , even a fter adrenalec tomy. (21) In man, 
according to Marriott (22), the maximum attainable uri
nary concentration of chlorine is about 0.33 Iff. Ex
pressed as sodium chloride this concentration equals ap
proximately two per cent of sa lt  in the urine. Children 
w ill show a higher concentration of urinary ch lorin e .

Except during prolonged administration, the other 
channels of excretion are of minor importance. Hydro- 
bromic acid is secreted by the stomach, but is again ab
sorbed in the gastro-in testinal tract; very l i t t l e  bro
mide is found normally in the fe c e s . (23) The concentra
tion of bromide in gastric secretion is always greater 
than the concentration in the plasma, but parallels the 
ratio between gastric and serum ch lorid e . (24) Increas
ing the a cid ity  of the gastric ju ice  or the rate of se 
cretion with histamine does not appreciably increase the 
net amount of bromide secreted. (25)

Mason (6) found that human sa liva  had a greater 
replacement of chlorine than blood serum, and inferred 
that one or more of the human salivary glands preferen
t ia lly  secretes bromide. The amount excreted in the 
milk of a nursing mother who is taking bromide may be 
enough to produce sedation in the infant, but varies 
unpredictably from mother to mother and even from time
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to time in the same mother. Excretion of bromide by- 
sweat is lim ited, although the epithelium of the skin 
may accumulate quantities of bromide during continued 
administration. ( l )

E ffects of the Bromide Ion on the Organism
In spite o f the fa c t  that small amounts of bro

mide are normally present in the blood, and, presumably, 
in the extracellu lar flu id  of man, bromine is not a nec
essary element. Normal blood levels in man range from 
0.1 mg to 0.33 mg per cent ( l ) ,  0.5 mg to 2.5 mg per 
cent (26), or 0.358 mg to 0.583 mg per cent, depending 
on the environment and the test employed. Rabbits have 
a normal bromine blood level of from 0.1 mg to 0.8 mg 
pe r cent.

Bromides depress the entire central nervous sys
tem with the exception of the medulla, depressing the 
psychic functions, the motor cortex , and spinal cord, 
lowering its re flex  e x c ita b ility , ( l )  Normally the ad
ministration of the bromide ion depresses the central 
nervous system only to the point o f sedation. They pro
duce a mental calm, a loofness, and imperturbability which 
dispose toward sleep , although they are not true hypnot
ic s .  They are of no value against pain, since they pos
sess l i t t l e  or no analgesic action.
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Since bromides do not d ire ctly  depress the me
dulla, there is no d irect depression of circu la tion  or 
respiration . The slowing of the heart and the lowering 
of the blood pressure noted at times are e ffected  indi
rectly  by depression of the cerebral cortex through a 
generalized lowering of a c t iv ity .

The co r t ica l depressant e f fe c t  o f bromides has 
been demonstrated by Rubin and Cohen (2 ), who found 
that the alpha rhythm of the electroencephalagram varies 
inversely with the blood bromide le v e l. That the bro
mides reduce co r t ica l e x c ita b ility  together with the 
duration and severity  of ep ilep tic  convulsions, whether 
naturally occurring or a r t i f i c ia l ly  induced, is a well 
known fa c t .

An opposite view concerning the action of bro
mides on the central nervous system was advanced by 
Pavlov, who derived his conclusion from the e ffe c ts  of 
bromide on a dog in a state o f neurosis. According to 
Pavlov (28),

Bromides should not be regarded as sedatives 
diminishing the e x c ita b ility  of the central 
nervous system by strengthening the intensity 
of internal in h ib ition .

Though this view at f i r s t  glance is seemingly at vari
ance with the usual one, i t  is not necessarily so . Is 
not peripheral, outward sedation dependent upon a



controlled , internal fo rce—a w ell-integrated, evenly 
stimulated central nervous system? I f  the ch ie f duty 
of the cerebral cortex is inh ib ition , then i t  follows 
that many so -ca lled  sedatives may be considered, from 
this point o f view, to strengthen or stimulate this 
central inhibition  of peripheral a c t iv ity . C lin ica lly , 
this theory finds practica l application in the growing 
tendency to prescribe amphetamine sulfate and sim ilar 
drugs fo r  certain types of neuroses.

Outside the nervous system, the bromide has l i t 
tle e f fe c t  upon the organism, which tends to accept and 
use i t  fo r  ch lorid e . A few exceptions may be noted.

The action o f the bromides on glandular secre
tion is sim ilar to that of iodides. The secretions of 
the lacrimal and the mucus-secreting glands of the re
spiratory tract are increased, at times to such an ex
tent as to Simula,te an upper respiratory in fection . (29)

Recent work in Italy would seem to indicate that 
prolonged feeding of bromides results in delayed estrus 
in rats ; testicu lar atrophy in chickens; decreased meta
b o lic  rate in rats, rabbits, and guinea pigs; hypof unc
tion of thyroid, anterior p itu itary , and gonads; but hy
perfunction of adrenal cortex in rats and dogs; and re
tardation o f growth with a corresponding delay in o s s i 
fica t io n . (30,31,32,33,34)

11
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Mechanism of Bromide A ctiv ity

The ultimate mechanism of the bromides appears 
to be a d irect e f fe c t  of the bromide ion, presumably ex
erted on the c e l l  surface. At the present time neither 
the chloride deprivation theory, suggested by Wyss, nor 
the fa c t  that bromides tend to be organically bound to 
the serum proteins can account f o r  the syndrome resu lt
ing from bromide inges tion . ( l )

As early as 1915 Bernoulli (19) stated that a 
loss of chloride could not explain the action o f the 
bromide sa lts , fo r  i t  could be neutralized by in jections 
of sodium sh lfate and sodium nitrate as w ell as by sodium 
ch loride. Janusche and Inaba ( l )  found that bromide de
pression was neither antagonized by administration of 
sodium chloride nor reinforced by ch loride-poor food.
I t  remained fo r  Hiatt (35), in 1939, to disprove en
tire ly  the chloride deprivation theory. He removed more 
than half of the chlorides in dogs by substituting n i
trates. These animals were apparently normal in their 
a c t iv it ie s , even though the nitrates replaced chloride 
within the central nervous tissue.

Wuth (36) showed that serum proteins adsorbed a 
certain amount o f bromides, this amount increasing pro
portionally to the concentration of the serum bromides. 
But since this amount ia between one and four per cent
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of the total amount of bromide in the blood, i t  could 
hardly account f o r  the central nervous depressant action 
of the bromide ion.

Bernoulli (19) advanced the theory that the bro
mides e f fe c t  a disfunction of the nervous system by a l 
tering the arrangement of the c e l l  c o llo id s , the rear
rangement being evidenced by a starch-like swelling of 
the tissues. He found that s lices  of brain , liver , and 
muscle tissue, when soaked in bromide solu tions, swelled 
considerably more than when soaked in chloride solution . 
I t  is possib le , of course, that i f  such hydration occurs 

—  — it  Çould a lte r  the osmotic equilibrium of the 
tissue f lu id . Marriott (22) describes the e ffe c ts  due 
to lowering of osmotic pressure of tissue flu ids as las
situde, apathy, stupor, weakness, headache, giddiness, 
and a tendency to orthostatic hypotension—symptoms much 
more like those o f bromism than are those of chloride 
deficiency .

The mutual antagonism of chloride and bromide 
ions so easily  demonstrated by the increased excretion 
of chlorides upon administration o f bromides has over
shadowed the sim ilar competitive a ctiv ity  between bro
mide and iodide. Since most tests fo r  bromide also 
test fo r  iod ide, the increased excretion of iodide upon 
administration of bromide is not ordinarily detected.
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Yet Baumann, Metzger, Williams, J a ffe , and. Taylor (11,15) 
found that "bromides wash inorganic iodine from the body. 
The bromide ion might, then, act at least partia lly  by 
way of iodine depletion.

Harris and Derian (37) have noted an analogous 
symptomatology between pellagra and bromism. As in pel
lagrins, they found co pro porphyrin excretion to be in
creased above normal levels in both dogs and human sub
jects  with bromism. They postulate destruction or in
h ibition  of Coenzymes I and I I  by a high level of serum 
bromide. In line with this theory, i t  is interesting to 
note that Wortis (2) found that sodium bromide tended to 
depress the a b ility  of brain tissue to oxidize carbohy
drates. Others (38,39) have found that bromides tend to 
increase blood glucose.

Other properties of the bromide ion which may 
upon further investigation help to explain its action on 
the central nervous system are the fo llow ing : bromides 
decrease cholinesterase a ctiv ity  (39,40); they decrease 
the content of glutathione in the blood, usually at the 
expense of the reduced form of glutathione (41); the 
e le c tr ica l resistance of muscle as w ell as permeability 
is  decreased more by bromide than by chloride (42). I t  
is to be noted that the nitrate ion does not decrease 
cholinesterase a c t iv ity . Thus H iatt, though depriving
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the body of ch lorid es , may have been inadvertently sup
plying an ion with a physiological a ctiv ity  much closer 
to that of chloride than is bromide.



CHAPTER II

BROMIDE INTOXICATION 

Incidence
The incidence of bromide intoxication  seems to 

vary not only with the particu lar investigator but with 
the lo c a lity . "Figures are reported in the literature 
which set the occurrence o f bromism anywhere be tween 
.048 per cent and 9.0 per cent of hospital admissions.
Of course, the percentage w ill necessarily vary with the 
type of hospital, fo r  a general hospital would admit 
fewer cases ,of bromism than would a psychiatric in s t i
tution. Millikan (43) finds the incidence of chronic 
bromide intoxication only .048 per cent in Iowa. This 
low percentage of bromism in the Middle West is further 
confirmed by Liebman (2) at the 3t. Louis City Hospital 
Psychiatric In stitu te . Yet Strecker and Ebaugh (44) set 
the figure at 4.28 per cent, while Hanes, Yates, Wagner, 
and Bunbury (45,46) report an incidence near 7.0 per 
cent. The Council on Pharmacy and Chemistry of the 
American Medical Association strikes a balance by fin d 
ing that 5.0 per cent of admissions to mental in stitu 
tions are due to bromism. (47) The highest percentages 
are reported by Wuth, Die the lm, Sease , and LeHew as
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close to 9.0 per cent. (3,29,36) Recently many physi
cians, particularly in the South and B ast, have empha
sized the rising incidence of bromide in tox ication .
Thus Campbell says that the laws con trollin g  sale of 
barbiturates have actually encouraged the sale of bro
mides . (48)

Origin of Bromide Intoxication
Although the typical symptoms of bromism usu

a lly  fo llow  long continued use of bromides, they may 
appear even a fter  b r ie f  use, depending upon the amount 
ingested and the individual su scep tib ility  of the patient. 
The frequent occurrence o f the condition is accounted fo r  
by the fa c t  that there is a tendency fo r  bromide to be 
retained in the body instead of being rapidly elim i
nated. In spite of the fa c t  that as early as 1850 a 
case of bromide intoxication was reported by Huett ( l ) ,  
and that since then frequent descriptions o f bromism 
have appeared in the lite ra tu re , some physicians s t i l l  
do not seem to appreciate the danger in prescribing bro
mides without marking them, "Hot to be R e filled ."

In well over half of the cases of intoxication 
the patients have been obtaining bromides upon a pre
scription  r e fille d  ad libitum by the pharmacist. Other
sources are such nostrums as Heuroa ine, Bromo-Seltzer,
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Nervine, and various headache powders. The condition 
of bromism tends to creep slowly upon its  victim , for  
the symptoms of hromism are often the very symptoms for  
which the patient is using the bromide sa lts .

Contributing factors in the development of bro
mism include a rter iosc le ros is , cardio-renai disease, 
low sa lt  intake, organic nervous d isorders, and anemia. 
I t  has been claimed by Millikan that normal people, even 
on prolonged bromide administration, do not develop bro
mism. But the average patient on bromides, whether pre
scribed by a physician or  taken as s elf-m edication, is 
hardly a normal person.

Symptoms
Acute bromide poisoning rarely occurs because 

i t  is d i f f i c u l t  to take enough bromide to elevate the 
bromide concentration in the blood to the danger 
point. (27) Die the lm (3) compares acute bromide in tox i
cation to an acute a lcoh olic in tox ication . The patient's 
consciousness is clouded; there is marked incoordination 
and weakness in the use of the muscles ; the patient is 
ir r ita b le . He ascribes this condition to Mhigh doses in 
persons of a specia l d isp osition ." Whether this is true 
acute to x ic ity , or merely an exacerbation of an already 
existent bromism, would seem to be a moot point.
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So liman ( l )  states that there is co lla p se , impaired 
speech, stupor, and paralytic phenomena in acute poison
ing.

Scott and Kessler (49), in 1950, reported a case 
of acute bromide intoxication in a two-year-old ch ild , 
follow ing accidental ingestion of 5 g of bromide. The 
bromide serum level was elevated to 22 mBq per l i t e r .  
Serum levels over 18 nBq per l it e r  are usually consid
ered to x ic . The boy made an uneventful recovery from 
the in toxication , the ch ie f symptom of which was coma.

The symptoms of chronic bromide intoxication may 
be c la ss if ie d  as physical and mental. Physical symptoms 
range from an acneiform rash to a staggering gait with 
altered tendon re flex es . (50) Mental symptoms are so 
varied as to mimic many of the neuroses encountered in 
psychiatric p ractice . The symptoms are also at times 
c la ss if ie d  with reference to the blood bromide leve l, 
but this is not only most d i f f i c u l t ,  but confusing.

The symptoms of moderate bromide intoxication 
are described as: du llness, apathy, slowing of cerebra
tion, impaired memory fo r  recent events, in a b ility  to 
concentrate, nervousness, anorexia, insomnia or hyper
somnia, dusky purplish d iscoloration  of the skin, maculo- 
papular or acne-like rash, headache, d izzin ess, fa tig u e , 
and i r r i t a b i l i t y . More severely intoxicated patients
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may a how slurring of speech, personality changes, im
paired sense of resp on sib ility , irrelevant production 
of thought, confusion, hallucinations, delusions, d is 
orientation , lethargy, "confabulation ," e x c ita b ility , 
and deliriu m .(46,47,48,51)

The neurologic signs of bromide intoxication in
clude unsteady g a it, hyperactive or absent deep re flex es , 
coarse tremor, poor coordination, nystagmus, and absence 
of the gag re flex . Most writers emphasize that in the 
presence of any toxic psychosis the physician should 
suspect bromide in tox ica tion . ( l ,3,37,50)

Other physical manifestations often associated 
with bromide toxicology are dehydration, fever, malnu
tr it io n , avitaminosis, elevated spinal protein, coated 
tongue, and tachycardia. (44,47,51,53) Although early 
writers emphasized the presence of a rash in bromide in
toxication , more recent publications state that the rash 
is often absent, being present in only a fourth of those 
diagnosed as cases of bromism.(2,3 ,26,36,46,50, 52)

There is much confusion as to what blood bro
mide level constitutes bromide in toxication . Some labo
ratories report bromide as bromide, while others report 
i t  as sodium bromide. The Wuth Comparator, so widely 
used c l in ic a lly , shows errors up to 14 per cent in the 
higher concentrations, and doe s not distinguish intervals
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leas than 25 mg in the lower levela or less than 50 mg 
at higher bromide le v e ls . Neither does i t  make d is tin c 
tions beyond 300 mg. Moat of the other colorime trie 
methods which depend upon the reaction of gold chloride 
with serum bromide w ill be grossly inaccurate in the 
presence of excess ch lorid e .(18) Moreover, physicians 
d if fe r  as to what actually  constitutes a defin ite  case 
of bromism. Some investigaters count only those toxic 
psychoses due so le ly  to bromide, while others include 
cases in which the symptoms of bromide intoxication are 
admixed with the symptoms o f a more fundamental, under
lying psychosis. Many physicians f a i l  to recognize an 
incipient bromism, and thus overlook bromide in toxica
tion when the blood bromide level may be lower than the 
accepted toxic amount. The extent of the confusion as 
to the toxic level may be illustrated  by the follow ing 
statements drawn at random from the mass of literature 
on bromism.

Intoxication symptoms generally appear, accord
ing to Ulrick (36), when 25 per cent to 30 per cent of 
the tota l halogens are represented by bromides. Wuth 
set 150 mg per cent as the lower lim itation of the "toxic 
zone," but Wagner and Bunbury think that a concentration 
of 200 mg should be considered tox ic . Yet among the case 
h istories which they set forth  as typical bromide
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in toxication , Case 2 had a blood bromide of 150 mg per 
cent, and Case 3 had a concentration of only 100 mg. (46) 
Wohl (54) found levels ranging from 130 mg per cent to 
560 rag per cent in his patients. I t  is to be noted that 
the patient with the level of 560 mg per cent did not d ie , 
although B ernoulli’ s statement that replacement of more 
than 40 per cent of the chlorides of the blood by bro
mides is fa ta l is usually accepted. Hanes and Yates (45) 
note two instances in which chloride replacement was 43.8 
per cent and 48 per cent respectively , neither of which 
ended fa ta lly . They have found many typical cases of 
bromism in yrhich the blood bromides are less than 100 mg 
per cent. Millikan (43,55) claims that i f  a patient be 
mentally normal, no evidence of intoxication can be de
tected below a level of 195 mg per cent. In fa c t , he 
states that in the absence of an underlying psychosis, 
no intoxication w ill resu lt, no matter what the blood 
bromide le v e l. Barbour, Pilkington, and Sargant, along 
with Sensenbach, have tried to find an explanation fo r  
the varying levels by stating that 150 mg per cent is 
the toxic level fo r  healthy people, but that 75 mg per 
cent may be toxic f o r  others . (26,52) Yet many patients 
are dismissed as completely cured, though the blood bro
mide is s t i l l  75 mg per cent. (53) The lowest levels re
ported in chronic bromism seem to be 65 mg per cent,
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50 mg per cent, and 36 mg per cent. (48,56) Perkins (47) 
reports a case of acute "bromide poisoning with a level 

of only 15 mg per cent.
There would seem to "be a tendency f o r  the blood 

bromide leve l to flu ctu ate --a  tendency noted by several 
investigators, but neglected in th eir conclusions. In 
the aforementioned case o f Perkins with the low level o f 
15 mg per cent, he suspects a laboratory error. He also 
doubts the value of one level reported at 586 mg p ercen t. 
Yet he notes that "the course in these cases was charac
terized by pronounced, sudden, and unpredictable ups and 
downs.” And again, "We were greatly impressed by the oc
currence of remissions and exacerbations with sudden 
changes in the mental s t a te ."(47) Gould not the extreme 
bromide levels and the sudden changes in mental state be 
related to fluctuations in the blood bromide level? Eu
ropean investigators have found variations in blood bro
mide a fter e le c tr ic  shock, and Campbell notes exacerba
tion of symptoms in several bromide patients follow ing 
e le c tr ic  shock treatments. He considers i t  wise to re
move bromide before u tiliz in g  shock treatment.(48,57)
In dogs, Weir and Hastings (5) record in their tables of 
results an elevation of the serum bromide from 23.1 mBq 
per l i t e r  to 34.2 mEq per l i t e r  between the twentieth 
hour and the twenty-second day follow ing the last dose
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of sodium bromide. F inally , Harris and Derian (37) 
state that they maintained dogs a t a serum bromide level 
of 300 mg per cent by "increased or decreased dosage," 
clearly  indicating some fluctuation  in blood bromide 
le v e ls .

Pro gnosis
In general, prognosis is good, since even severe 

bromide intoxication does not seem to produce any perma
nent damage to the central nervous system. Most patients 
recover within two weeks . The m ortality rate is less 
than one per cent, and deaths are usually due to pneu
monia. (48,36,47,54,56) Detw eiler, Wagner and Bunbury, 
Sease and Lehew, Barbour, Pilkington, and Sargant, and 
Perkins a l l  report one or more cases where death resulted 
from bromism alone. Upon autopsy, Perkins found acute 
cerebral edema.(26,29,46,47,56)

Despite the e a r lie r  work of Wuth, Diethelm, Sen- 
senbach, Sease and Lehew, and Harris and Hauser, a l l  note 
that the symptoms of bromism do not recede coincidentally 
with the reduction of the blood bromide, but rather tend 
to lag behind the fa ll in g  blood le v e l. (3,29,52,58) Per
haps bromism depends upon a tota l bromide retention 
rather than merely upon blood ch loride replacement. I t  
has also been suggested that substitution of chloride 
fo r  bromide in the nervous system may occur at a slower
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rate than in the serum. (52)

Treatment
E ssentially, treatment consists in withholding 

the bromides, forcing  f lu id s , and administering large 
amounts of sodium ch lorid e . Although Wuth is often 
credited with this regimen of treatment, i t  had been em
ployed ea rlie r  in 1922 by Goldenberg. (58) By 1930 the 
use of sodium chloride as an antidote fo r  bromism was 
generally accepted.

However, in that same year, Wagner and Bunbury 
(46) reported that as a consequence of chloride adminis
tration the blood bromide "usually r ises  s lig h tly  and 
there is an exacerbation of the toxic symptoms which may 
prove fa t a l ." They f e l t  that in the presence o f debility, 
dehydration, or a weakened condition , chlorides should be 
withheld until the bromide level had fa llen  below a dan
gerous le v e l . They postulated that the chloride " l ib e r 
ates the bromide from the tissues faster than i t  can be 
eliminated by the kidneys."

This statement was repeated by the Council on 
Pharmacy and Chemistry of the American Medical Associa
tion, and is found in several textbooks. (47) Strecker 
and Ebaugh warn the student against employing sodium 
chloride treatment too early , f o r  they "have repeatedly 
found that its administration temporarily increases the

87232
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bromide concentration in the blood by hastening the 
liberation  of bromide from the tissues while elimination 
by the kidneys proceeds at the orig in a l ra te .“ (44) Sen- 
senbach, Campbell, Hanea and Yates a l l  warn against too 
rapid replacement of the bromide by chloride . (45,48,52)

However, this exacerbation of symptoms upon ch lo
ride administration was not noted by either Wuth or Die- 
thelm. Later writers who disagree with Wagner and Bun- 
bury include Millikan, Wohl, Robertson, Tweed, Perkins, 
and D etw eiler.(43,47,50,54,56) Karnosh and Wohl (50,54) 
recommend combining sodium chloride with adrenalcortical 
extracts, to aid in re tention of the sa lt . However, 
since the action of adrenal extracts is said to be 
ch ie fly  on the sodium ion, i t  is d i f f i c u l t  to see how 

they could materially a f fe c t  the chloride-bromide ba l
ance .

Because some of the bromide re-enters the gastro
in testinal system via the gastric ju ice , gastric lavage 
as a therapeutic measure has been suggested by several 
authors. Continuous aspiration of the gastric ju ice , 
known as the Wangensteen technic, has been found useful 
by Toenhart, and Hanes and Yates.(23 ,45) But a careful 
analysis of Toenhartfs figures reveals that he removed 
only four per cent of the to ta l bromide content in s ix  
days o f continuous Wangensteen suction. Both Perkins
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and Millikan state that gastric lavage does not improve 
the patient enough to warrant its use.

Kelley employs a m odification of the Wangensteen 
technic, in which the stomach contents are withdrawn 
twenty minutes a fter an in jection  of histamine. This 
flu id  is then replaced hy intravenous administration of 
sodium chloride. When combined with oral administration 
of sa lt , the above technic is reported to reduce the time 
fo r  recovery from a bromide intoxication  to a matter of 
days.(59)

The present work was undertaken in an attempt to 
resolve a t least one of the discrepancies in the l ite r a 
ture concerning the treatment of bromide in toxication : 
whether the blood bromide level fa l ls  rapidly upon ch lo 
ride administration, as reported by Wuth and Die thelm, 
or rather is at least temporarily elevated, as claimed 
by Wagner and Bunbury.



CHAPTER I I I

METHODS AKD PROCEDURES

Since Bernoulli (19) had. found rabbits a s u it 
able experimental animal fo r  studying both acute and 
chronic types o f bromide in toxication , healthy white rab
b its were selected  fo r  the f i r s t  series of experiments. 
Seven dogs were also used to check the results obtained 
in the rabbits. Both rabbits and dogs were fed  the usual 
stock d ie t provided by the animal hospital and were a l 
lowed free access to water. The blood chloride concen
tration and the excretion of ch loride were determined 
daily until a norm had been established fo r  each animal.

After much experimentation on the rabbits, i t  
was found that a dosage of 1  g of sodium bromide per kg 
of body weight administered in a 10  per cent solution  by 
stomach tube on three successive days would produce a 
good degree of acute bromism without endangering the l i fe  
of the experimental animal. The same procedure proved 
e ffe ctiv e  in producing acute bromism in dogs. Chronic 
bromism in rabbits was found to be more d i f f i c u l t  to pro
duce, but f in a lly  was obtained by adding enough sodium 
bromide to the drinking water so that the rabbits received 
approximately 1 g d a ily . I t  is d i f f i c u l t  to see why this 
method should have proved better than administering 1  g
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daily by stomach tube. Chronic bromiam was induced in 
the dogs by giving 0.3 g of sodium bromide per kg of 
body weight in capsules fo r  two weeks. Since sodium 
bromide is high hygroscopic, the capsules had to be ad
ministered immediately follow ing preparation.

When d e fin ite  bromism had been obtained, whether 
acute or chron ic, approximately half of the animals were 
placed on sodium ch lor id e , the other half being reserved 
as con tro ls . The same method of dosage was used as had 
been employed in administering the bromide. Thus the 
rabbits with acute bromism received 1  g of sodium ch lo
ride in a 19 per cent solution  daily  by stomach tube. 

Controls received an equal amount o f d is t i l le d  water by 
stomach tube. Babbits with chronic bromism were treated 
by adding sodium chloride to th eir drinking water. The 
dogs received sodium chloride in capsules.

Blood bromide and blood chloride levels o f the 
animals selected fo r  acute bromism were determined d a ily , 
as were the to ta l urinary bromide and chloride contents. 
Blood levels and urinary excretion of bromide and ch lo
ride of the animals in which chronic bromism was induced 
were determined at approximately three-day intervals un
t i l  the bromism was c l in ic a lly  evident, then da ily  fo r  
at least two weeks follow ing the last dose of bromide.

Blood was co llected  into graduated centrifuge
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tubes, previously treated with sodium oxalate solution. 
Chlorides, and, la ter , tota l halides, were deterained 
by the modified Yolhard-Harvey titra tion  on a protein- 
free f i l t r a t e  prepared according to Haden's m odification 
o f the Folin-Wu Method. (60) Blood bromide was determined 
by the Greenberg method, in which the bromide of the de- 
pro teinized whole blood is oxidized to bromate and deter
mined by iodometric t itra tion . (61) Though this method is 
more time-consuming and requires more s k i l l  than the 
methods based on the interaction of the bromide ion and 
gold ch loride, i t  is also more accurate.

The urinary ch loride, or halide, was also deter
mined by the modified Volhard-Harvey t itra tio n , but on a 
diluted portion of urine taken from a well-mixed 24-hour 
sample. The urinary bromide was determined by the Green
berg method. By using iden tica l methods on blood and 
urine, greater accuracy, together with more consistent 
resu lts, could be obtained.

A ll quantities of halides except doses have been 
expressed in chemically equivalent terms. Blood levels 
are expressed in m illiequivalents per one hundred m il l i 
l ite r s  of whole blood. Chloride and bromide excretion 
is expressed in m illiequivalents excreted during a 24- 
hour period. ¿>ince the urine and blood samples were c o l 
lected each morning, the urine represents the excretion
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fo r  the tota l day preceding the s p e c if ic  blood levels 
set down fo r  that particular day.

Acute bromism was induced in eight ra b b its . The 
symptoms include f i r s t  excitement and, in some , an in
creased sen sitiv ity  to pain. This is follow ed by apathy, 
so that both food and water intake are diminished. Ataxia 
and an ascending paresis appear, so that the rabbit is 
unable to use its  hind legs and tends to remain in what
ever position i t  is placed. Uasal secretions may be so 
abundant as to actually  wet the hair around nose and 
mouth and under the chin. When bromism was c l in ic a lly  
evident, four rabbits were placed on ch loride, and blood 
bromide and chloride levels were follow ed. 'Whenever pos
s ib le , upon recovery, the rabbit was again treated with 
bromides until intoxication  resulted and the procedure 
reversed; that is , an animal previously treated with 
chloride was allowed to recover without benefit of ch lo
ride .

Chronic bromism was produced in eight rabbits, 
four of which had been previously subjected to acute 
bromism. This time three rabbits were placed on ch lo
ride, the other fiv e  being allowed to recover without 
ch lorid e . For purposes of comparison, one o f the four 
rabbits previously used fo r  the experiments in acute 
bromism and treated with chloride was again put on
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ch lorid es. For the other three, treatment was the re
verse of what they had received during acute bromism.

Acute bromism was produced in three dogs. The 
ch ief symptom here was a severe ataxia. One dog was 
then placed on sodium ch loride, another on potassium 
n itrate , and the third reserved as a con tro l. Again, 
this process was reversed, with the exception of the 
dog on potassium n itra te . The use of potassium n i
trate was an attempt to distinguish  between the s a lt  
action of the sodium chloride and its  action in replac
ing extracellu lar bromide. Of the four dogs subjected 
to chronic bromism, two were placed on sodium ch loride, 
the other two being used as con trols.



CHAPTER IV

RESULTS

E ffe ct  of Chloride on Blood Bromide Level
The e ffe cts  o f administering sodium chloride to 

rabbits in a state of bromide intoxication  are shown in 
Table 1, those in dogs in Table 2. As indicated in the 
table headings, the blood chloride and blood bromide 
levels fo r  the last day on which bromides were adminis
tered, together with the levels of the next two days , 
are included. The last column gives the increase (or 
decrease) in the blood bromide leve l which occurred be
tween the f i r s t  and second days follow ing the last dose 
of bromide. When chlorides were administered, the f ir s t  
day a fter  the last dose of bromide would also correspond 
to the f ir s t  day on ch lorid es . Hence, the second day 
after bromides is a lso , fo r  those animals on ch lorid e , 
the f i r s t  day a fter  ch loride administration.

Of the animals, both rabbits and dogs, put on 
chlorides , 75 per cent show a rise  in blood bromide 
level between the f i r s t  and second day a fter  the last 
dose of bromide. Of more importance is the fa c t  that 
of the animals reserved as con tro ls , 70 per cent show 
a rise in blood bromide. Approximately 85 per cent o f 
the rabbits show an increase in the blood bromide level
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BLOOD LEVELS IN RABBITS DURING FIRST TWO DAYS OF 
WITHDRAWAL PERIOD

TABLE 1

Rab
b it

Blood Levels 
on Last Day 
o f  Bromide

Blood Levels 
on 1st Day 
a fter  Bromide

Blood Levels 
on 2nd Day 
a fter  Bromide

Increase
or
Decrease

Cl 1 Br Cl 1 Br Cl I Br
Acuìte Bromi sm Not on Chloride

A
B
B
F
H
I

- 1 2

4.28 
9.40
5.42
8.43 
9.79 
9.78
8.29 
4.02

0.90
3.02 
0.50 
0.19 
0.73 
0.62 
0.31
2.02

4.15
5.40
5.06
8.04
4.44
6.54
3.38
7.57

2.55 
1.15
3.56 
1.09 
4.02 
1*62 
4.35 
0 . 1 1

3.34
5.29
4.29 
4.62 
3.68 
6.16 
4.52 
6.61

4.00
1.71
4.46 
4.42 
4.22
2.46 
2.32 
1 .2 0

1.45
0.56
0.90
3.33
0.20
0.84

-2 .03
1.09

i..
Acute Bromi sm on Chloride

A
E
I
Bp

5.00
7.58
7.36
5.86

2.25
1.32
0.66
1 .2 0

6.60
10.73

7.31
6.14

1.98
1.09
0.98
0.59

11.46
8.28
8.17
5.60

3.85
1.40
0.84
0.89

1.87
0.31

-0.14
0.30

Chronic Bromism Not on Chloride

C
D
E
b2

• •
• •
• •
• •
3.71 ,

• • 
# • 
• •

2.90

4.16
5.52
4.87 
1.57
4.88

1.96
4.17
2.26
3.88
2.14

2.46
1.28
3.55
4.60
2.83

3.28
5.25
3.26 
1.36 
3.32

1.32
1.08
1 .0 0

-2 .52
1.18

Chronic Bromism on Chloride

I
F2

J 2 _ .

• • 
• • 
• •

• • 
• • 
• •

5.02
2.54
5.38

3.18
2.78
2.50

3.44
3.79
3.91

2.92
2.98
3.18

0.26
0.20
0.68

Average Increase in Blood Bromide Level o f  Rabbits
Not on C h lo r id e .................................

Average Increase In Blood Bromide Level o f  Rabbits 
on Chloride .....................................................

(Figures express mEq per 100 ml. o f  blood)
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TABLE 2

BLOOD LEVELS IN DOGS DURING FIRST TWO DAYS OF
WITHDRAWAL PERIOD

Dog
Blood Levels 

on Last Day 
o f Bromide

Blood Levels 
on 1st Day 
a fter Bromide

Blood Levels 
on 2nd Day 
a fter  Bromide

Increase
or
Decrease

Cl Br Cl Br Cl Br
Acute Bromi sm Not on Chloride

120 5.95 0.27 4.04 1 .2 0 7.00 0.64 -0.563.61 0.70 4.54 2.42 2.19 1.29 -1.1312 1 4.10 2 .12 6.34 0.81 4.53 2.60 1.795.12 0.72 4.05 2.44 3.20 2.82 0.38122 5.26 0.71 3.89 2.55 5.83 0.94 -1.61
Acute Bromism on Chloride

12 1 6 .1 1 0.20 4.71 2.62 6.46 0.83 -1.79122 5.23 1.39 4.65 1.43 4.26 2.22 0.793.33 0.51 3.85 2.28 3.08 1.94 -0.34
Chronic Bromism Not on Chloride

115 • • • • 3.75 1.63 2.97 2.74 1 . 1 1116 • 0 • • 3.03 3.90 2.85 2.52 -1.38
Chronic Bromism on Chloride

117 • • • • 3.39 1.81 4.04 1 .8 8 0.07118 • • • • 5.58 1.89 4.17 2 .10 0 .2 1
Average Increase in Blood Bromide Level o f  Dogs

Not on Chloride  ......................... 1.09
Average Increase in Blood Bromide Level o f  Dogs

on C h lo r id e .....................................................  0*36
(Figures express mEq per 100 ml. o f  blood)
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irrespective of chloride administration. In the dogs,
60 per cent of those on chloride showed an elevation of 
the hlood bromide, while 43 per cent of the controls 
also manifested a higher blood bromide.

Since the degree of elevation of the blood bro
mide level would be c l in ic a lly  important, the average 
increase in the blood bromide levels of the individual 
groups of animals has been included at the bottom o f 
each table. For those rabbits on ch loride, the average 
increase was 0.60 mEq/100 ml of blood; while fo r  the 
controls, the average increase was 1.18 mEq/100 ml—an 
increase practica lly  twice that of the rabbits to which 
chloride was administered. The dogs on chloride showed 
an increase in the blood bromide level of 0.36 mBq/10 0  ml 
of blood, while the controls showed an increase o f 1.09 
mEq/100 ml--a difference three times that of the animals 
on s a lt .

Only one rabbit (Bg ) showed an elevated blood 
bromide on chloride but not when used as a con tro l.
Thus, with rabbits, in only one case out of twelve, 
could the chloride have been said to have caused an e le 
vation of the bromide lev e l. Even in this case, an ex
amination of Table 1 reveals that the increase on chlo
ride appeared when the animal was subjected to acute 
bromism. In only two of the dogs can any comparisons be
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made. In dog #121 the blood bromide level was elevated 
twice during con trol periods, but was d e fin ite ly  lowered 
when given sodium ch lorid e . In the case of #122, there 
is only inconclusive evidence, as the blood bromide both 
rose and f e l l  when chloride was administered.

E ffe ct  of Chloride on Amount of Bromide
Excre ted

An inspection of Table 3 reveals that in the 
rabbits chloride administration tends m aterially to aid 
bromide excretion . In acute bromism the rabbits on chlo
ride excreted an average o f 1.55 mEq of bromide in 24 
hours as against an average excretion of 0.42 mEq of 
bromide by the con tro ls . In the cases with chronic bro
mism, those given chloride excreted on the average 1 .5 3  

mEq of bromide in 24 hours, while the controls excreted 
0.99 mEq of bromide during the same time period.

Inspection of Table 4 reveals that the same 
ratio prevails with dogs i f  the intoxication  is acute, 
but not i f  the bromism is ch ron ic. Thus the average 
24-hour excretion o f bromide in dogs subjected to acute 
bromism and treated with sodium chloride was 3.80 mEq, 
while in a like period controls excreted only 1.09 mEq 
of bromide. But with chronic bromism, the dogs receiv 
ing sodium chloride excreted 0.89 mEq of bromide daily, 
while controls excreted 0.87 mEq of bromide. Thus, with
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TABLE 3

BROMIDE EXCRETION IN RABBITS

Rabbit Time in Days mEq o f Bromide Excreted

Acute Bromism Not on Chloride

A 2 0.04
B 1 3.52E 2 1.71
P 2 0.51
H 5 0.45
I 2 0.06
F2 6 2.36

Average Excretion in 24 Hours . . .  0.42
Acute Bromism on Chloride

A 2 3.75
E 3 4.48
I 3 7.87
b2 6 5.56

Average Excretion in 24 Hours . . . 1.55
Chronic Bromism Not on Chloride

C 10 8 .12
E 8 9.26
®2 10 10.32

Average Excretion in 24 Hours . . . 0.99
Chronic Bromi sm on Chloride

I 8 5.21
5*2 9 13.04
h2 8 19.92

Average Excretion in 24 Hours . . . 1.53



TABLE 4

BROMIDE EXCRETION IN DOGS

39

Dog Time in Days mEq o f Bromide Excreted

Acute Bromism Not on Chloride

122
121
120

2 3.84
® 1.16
7 10.32

Average Excretion in 24 Hours .
Acute Bromism on Chloride

1.09

122 12 20.4112 1 2 32.74Average Excretion in 24 Hours . . . 3 .8 0
Chronic Bromism Not on Chloride

115 10 5.57116 10 11.77
Average Excretion in 24 Hours . . .0 .8 7

Chronic Bromism on Chloride

117
118 10  8.85

10  9.03Average Excretion in 24 Hours . 0.89
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both rabbits and dogs, those receiving sodium chloride 
showed a higher average urinary bromide excretion than 
the untreated animals, except in the case of  dogs sub
jected to chronic bromism.

E ffe ct  o f Chloride on Final Blood Bromide
Level

In a l l  the animals receiving ch lorid e , the blood 
bromide leve l when the experiments ended was lower than 
in the controls ♦ In rabbits with acute bromism on so
dium ch lorid e , the average f in a l blood bromide was 0.28 
mEq/100 ml of blood, while the average f in a l level in 
the controls was 0.45 mEq/100 ml. The average fin a l 
level in chloride-treated rabbits with chronic intoxica
tion was 0.05 mBq/100 ml, while controls showed a level 
Of 0.16 mEq/100 ml of blood.

Similar results are seen in the f in a l  bromide 
levels of the dogs recorded in Table 6. The average 

level a t  the end of the experimental period in the dogs 
subjected to acute bromism and treated with sodium ch lo
ride was 0.96 mEq/100 ml o f blood, while controls showed 
1.42 mEq of bromide per 100 ml o f blood. In dogs with 
chronic bromism, ch loride-treated dogs ended with bro
mide levels o f  0*55 mEq/100 ml, while controls had 
levels o f 1.09 mEq of bromide.
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TABLE 5
FINAL BLOOD BROMIDE LEVELS IN RABBITS

Rabbit
Final Blood Bromide Level 

in mEq per 100 ml
Acute Bromism Not on Chloride

H
?2

0.74
0.15

Average Final Level . . • . 0.45
Acute Bromism on Chloride

A J 0.50
E 0.15
I 0.39
B2 0.07

Average Final Level . . • • 0 #28
Chronic Bromism Not on Chloride

C 0.25
E 0.04
B2 0.20

Average Final Level • •
Chronic Bromism on Chloride

I 0 . 1 1
F2 0.04
h2 0.00

Average Final Level . . . .  0.05



TABLE 6

FINAL BLOOD BROMIDE LEVELS IN DOGS

Dog Final Blood Bromide Level 
in  mEa per 100  ml

Acute Bromism Not on Chloride

122 1.59
12 1 1.44

1.23
Average Final Level . . . .  1.42

Acute Bromi sm on Chloride
I

122

12 1
1.19
0.27
1.42

Average Final Level . . . • 0.96
Chronic Bromism Not on Chloride

115 0.85
116 1.33

Average Final Level . . . . 1.09
Chronic Bromism on Chloride

117 0.65
118 0.46

Average Final Level . . . . 0.55
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E ffect o f Potassium ü itrate 
Table 7 is a summary o f an attempt to d is t in 

guish between the s a lt  action  and the bromide-replace
ment action of sodium ch loride. Only one dog was placed 
on potassium n itrate , and hematocrit values were not 
carefu lly  follow ed. Thus a d e fin ite  conclusion in this 
case is impossible, nevertheless, the potassium nitrate 
would appear to have increased the volume of urine with
out increasing at a l l  the amount of bromide excreted.
Thus in dog #120 the average 24-hour excretion of bro
mide is 1.00  mBq—about that of the con tro ls.

Gourde of Bromide Intoxication in Rabbits
and Dogs

In attempting to produce bromide intoxication  
in rabbits, the dose suggested in most pharmacology labo
ratory manuals — 2 g per kg of body weight, repeated two 
or three times--was used at f i r s t .  Although this dosage 
produced a good bromide intoxication within about 24 
hours, and is suitable f o r  laboratory demonstrations, 
within two or three days the rabbits died. Since the 
severely comatosed condition of the rabbits could have 
produced excessive dehydration by preventing their tak
ing enough water, flu id s  were forced , but fa ile d  to pre
vent these early deaths. Autopsy of these animals re
vealed edematous kidneys with hyperplasia of the



TABLE 7
SUMMARY OP BROMIDE INTOXICATION IN DOG 120
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Blood Levels Urine Content UrineDate “ Cl 1 Br Cl 1 B r" Vol. Remarks
8-  1-50 
8-  2-50 
8-  4-50
8-  5-50 
8-  7-50 
8-  8-50
8-  9-50

8-10-50
8-11-50
8-12-50
8-14-50
8-15-50
8-16-50
8-17-50
8-18-50
8-19-50
8-21-50
8-22-50
8-23-50
8-24-50
8-25-50
8-26-50

6.07*
6.81
6.74
Administered
Administered 
4.43 0.24
Administered 
5.95 0.27
Administered 
4.04 1.20
Administered 
7.00 0.64
Administered 
4.63 2.18
4.91 1.55 
Administered

10.30 0.14
Administered
3.61 0.70
Administered 
4.54 2.42
Administered 
2.19 1.29
6.61 2.28
6.92 1.12
5.79 1.46
4.87 0.96
4.89 1.45
5.85 1.06
4.96 1.12

Female 
6.8 Kg.

1 . 1 1 «* 40***
2.04g sod. brom. in caps.
39.80 0.02 180

6. 8g sod. brom. as before
6. 8g sod. brom. as before 

4.47 0.02 110
6. 8g sod. brom. as before 
10.76 1.80 70 No bromism

3g potassium nitrate enseals 
14.51 1.80 175

3g potassium nitrate enseals 
2.67 0.34 55

Hemato-
6. 8g sod. brom. c r i t :  21%

6. 8g sod. brom. as before 
18.49 5.61 180

6. 8g sod. brom. as before 
34.99 6.11 215

4g potassium nitrate enseals da ily  
7.88 0.89 90

10 .88  1 .0 0  225
37.28 1.02 270
28.45 1.15 275
14.75 0.36 185
21.30 2.30 275
34.93 0.17 300

Autopsy:
Kidney -  Degeneration o f  the glomeruli; edema o f  the 

tubules; some ep ith e lia l ce lls  from Henle loops and 
co lle ctin g  tubules show clear cytoplasm.

♦ F igu res r e p r e s e n t  mEq p e r  100 m l. o f  b lo o d
♦ »F igu res  r e p r e s e n t  mEq e x c r e te d  p e r  2 4 -h ou r  p e r io d .

♦♦♦Figures r e p r e s e n t  m l. e x c r e te d  p e r  2 4 -h ou r  p e r io d .
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glomeruli. This a lso occurred in a few rabbits even on 
the lower dosage eventually used to se t up acute bromism. 
In rabbit F the autopsy showed gross evidence o f enlarge
ment of an edematous nature. Sections of cortex were ex
amined by Gerundo (62), of the Department o f Pathology, 
who reported that microscopic examination revealed hyper
plasia o f the glomeruli. I t  w ill  be noted in Table 8 

that on 6-16-50 and a fter that there were days when no 
urine was produced. This o ligu ria  and anuria usually 
preceded a death due to acute bromism.

Several rabbits which had been maintained f o r  
some time on bromides were lost due to terminal lobar 
pneumonia. Thus, in Table 9 i t  is indicated that rab
b it  A died on 7-27-50 of pneumonia. This is interesting 
in view of the fa c t  that the literature on bromide in
toxication is replete with case h istories in which death 
is due to lobar pneumonia, hypostatic probably.

Upon completion of the experiments, two rabbits 
and one dog were autopsied. As noted in Tables 10 and 
1 1 , the rabbits gave evidence of cerebral edema, with 
occasional perivascular in filt r a t io n , as w ell as severe 
edema of the renal tubules and congested glomeruli. Dog 
#122 a lso showed cerebral edema.(62) Again, these fin d 
ings are corroborated by autopsies on patients, in whom 
the only s ign if icant f  inding is cerebral edema.(47)
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TABLE 8

SUMMARY OF BROMIDE INTOXICATION IN RABBIT F

Date
Blood Levels Urine Content Urine

Voi. RemarksCl | Br~~ Cl 1 Br
6-12-50 7.69* 5.6 Kg.
6-13-50 8.14 10.72*« 115*«*
6-14-50 6.15 50
6-15-50 85

Administered 3.5g sod. brom. in a 10 % solution
by stomach tube

6-16-50 8.43 0.19 No Urine Excited
Administered 3 .5g sod. brom. as before

6-17-50 8.04 1.09 No Urine Bromi sm
6-18-50 4.62 4.42 61.30 3.70 290

Administered 3 .5g sod. brom. as before
6-19-50 4.33 4.00 No Urine
6-20-50 6.00 1.30 1 2 .2 1  0.31 50
6-21-50 7.81 0.07 54.90 0.20 215

Administered 3.5g sod. brom. as before
6-22-50 6.89 0.70 No Urine Bromi sm

Administered 3.5g sod. brom. as before
6-23-50 8.36 0.89 No Urine Paresis

Administered water
6-24-50 Dead; death due to acute bromism

Autopsy showed edematous kidneys and hyperplasia o f
glomeruli.

«Figures
««Figures

««»Figures
represent
represent
represent

mEq per 100 ml. o f  blood*
mEq excreted per 24-hour period.
ml. excreted per 24-hour period.
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TABLE 9

SUMMARY OF BROMIDE INTOXICATION IN RABBIT A

Date
Blood Levels Urine Content Urine

Vol. RemarksCl 1 Br CI | Br“
6-12-50 5.40*
6-13-50 5.34 1 1 . 1 1 ** 150***6-14-50 12.31 155
6-15-50 130

Administered 3.5g sod. brom. in a 10$ solution
by stomach tube

6-16-50 4.28 0.90 16.00 0.56 75 ExcitedAdministered 3.5g sod. brom. as before6-17-50 4.15 2.55
6-18-50 3.34 4.00 41.00 2.30 250

Administered 3.5g sod. brom. as before
6-19-50 4.74 2.88 35.04 8.21 2956-20-50 8.72 1.09 No Urine
6-21-50 7.57 0.35 15.94 0.04 210

Administered 3.5g sod. brom. as before
6-22-50 5.00 2.25 24.76 0.04 170 Quiet:

Administered 3.5g sod. brom. as before Sore nose6-23-50 6.00 1.98 33.19 0.86 135 ParesisAdministered 3.5g sod. chlor » in a 10 $ solution6-24-50 11.46 3.85 16.65 0.33 100 Much betterAdministered 3.5g sod. chlor . as before6-25-50 6.33 0.95 48.73 3.42 155
6-26-50 5.18 0.50 No Urine
7- 4-50 5.18 2.02 0 . 1 1  0.06 20

Administered 350 mg. sod. brom. daily
7- 7-50 7.49 0.26 5.81 0.03 40
7-11-50 5.62 0.98 6.03 0.95 55
7-14-50 6.47 0.04 17
7-18-50 0.49

Administered 500 mg. sod. brom. daily
7-21-50 0.81
7-22-50 Administered 750 mg. sod. brom. daily
7-25-50 0.46

Did not administer bromide as rabbit seems to have
pneumonia

7-27-50 Dead
Autopsy showed pneumonia as cause o f death.

*mEq p e r  100 m l. o f  b lo o d  **mEq p e r  24 -h ou r p e r io d
* * *  m l. e x c r e te d  p e r  2 4 -h ou r  p e r io d
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TABLE 10

SUMMARY OF BROMIDE INTOXICATION IN RABBIT Hg

Date
Blood Levels Urine Content Urine

Vol.___2L-L Br Cl 1 Br
7- 4-50 7.04* 13.14** 395««*

Administered 350 mg. sod. brom. daily
7- 7-50 9.10 0 . 1 1 9.92 0.00 250
7-11-50 5.86 0.07 18.91 0.80 375
7-14-50 5.68 0.50 405
7-18-50 0.04

Administered 500 mg. sod. brom. daily
7-21-50 0.04
7-22-50 Administered 750 mg. sod. brom. daily
7-25-50 6.92 0.42
7-29-50 1.35
7-31-50 Added sod. brom. to drinking water
8-  4-50 5.38 2.50

Administered lg  sod. chlor. daily
8-  5-50 3.91 3.18 1.78 0.02 25
8-  7-50 4.58 0.94
8-  8-50 5.86 0.42
8-  9-50 5.66 0.39 24.73 2.46 215

Added sod. ch lor, to drinking water
8-10-50 6.09 0.85
8-11-50 6.89 0.30 51.38 7.37 225
8-12-50 7.18 0.27 80.95 5.40 230
8-14-50 6.53 0.39
8-15-50 5.62 0.16 208.17 2478 440
8-16-50 6.47 0 .0 1 154.84 1.36 300
8-17-50 6.77 0.17 74.66 0.24 270
8-18-50 4.14 0.00 49.56 0.29 150

Autopsy;
Kidney -  Congested vessels , severe edema o f the tubules 

glomeruli congested, even more than Rabbit I*
Brain -  Edema, occasional perivascular in filt r a t io n .

«Figures
««Figures

***Flgures
represent mEq per 100 ml. o f  blood, 
represent mEq excreted per 24-hour period, 
represent ml. excreted per 24-hour period.
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TABLE 11

SUMMARY OP BROMIDE INTOXICATION IN RABBIT I

Date
Blood Levels Urine Content Urine

Vol. RemarksCl 1 Br Cl Br
6-13-50 7.53* 12.32** 195*** 3.3 Kg.
6-21-50 Administered 3 .5g sod. brom. in a 10$ solutionby stomach tube
6-22-50 7.36 0.66 15.06 0.02 90 ParesisAdministered 3.5g sod. brom. as before Nose siens6-23-50 7.31 0.98 42.13 0 .12 185 Poor condi-Administered 3.5g sod. chlor • tion6-24-50 8.17 0.84 65.61 1.59 265 Much betteiAdministered 3 .5g sod. chlor •6-25-50 8.99 0.50 68.67 6.18 5356-26-50 7.97 0.39 5.54 0 .10 205
7-31-50 Added bromide to drinking water
8-  4-50 5.02 3.18 Chronic

Stopped bromide. Administered lg  sod. bromismchlor, daily
8-  5-50 3.44 2.92 2.54 0.02 15
8-  7-50 6.54 0.74
8-  8-50 5.90 0.94
8-  9-50 4.83 0.81 18.65 1.96 135Added chloride to drinking water
8-10-50 6.60 1 . 1 2
8-11-50 7.15 0.49 10.82 0.40 30
8-12-50 7.40 0.29 39.05 2.50 70
8-14-50 5.65 0.66 Hemato-8-15-50 3.25 0.27 14.89 0.19 20 c r i t :  45$8-16-50 3.64 0.32 3.84 0 .0 1 78-17-50 6.76 0.41 4.92 0.07 108-18-50 4.33 0 . 1 1 3.94 0.06 8 Convulsions

Autopsy:
Kidney -  congested vessels, severe edema o f the tubules

glomeruli congested.
Brain -  edema, occasional perivascular in filtra t io n

♦Figures
♦♦Figures

-^♦Figures
represent xnEq per 100 ml. o f  blood, 
represent mEq excreted per 24-hour period, 
represent ml. excreted per 24-hour period.
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TABLE 12

SUMMARY OF BROMIDE INTOXICATION IN DOG 122

Blood Levels Urine Content Urine
Date Cl 1 Br~ Cl 1 Br Vol. Remarks

7-27-50 7.34» 4.60*» 115»** MaleAdministered 7g sod. brom. 7.0 Kg.7-28-50 6.04 0.87 9.94 0.62 155
Administered 7g sod. brom. as before

7-29-50 5.23 1.39 20.79 0.76 170
Administered 7g sod. brom. as before7-31-50 4.65 1.43 60.13 3.12 350 Ataxia

8-  1-50
Administered 7g sod. chlor,» in caps. daily
4.26 2.22 38.52 2.58 140 Better8-  2-50 4.67 2.05 24.80 2.40 190 Normal8-  3-50 7.43 0.37 17.74 0.06 105

8-  4-50 6.21 0.46 47.71 0.29 240
8-  5-50 4.85 1.19 11.81 0.29 250
8-  7-50 Administered 7g sod. brom. in caps.
8-  8-50 5.07 0.31

Administered 7g sod. brom. as before
8-  9-50 5.26 0.71 13.84 3.04 230 SedatedAdministered 7g sod. brom. as before
8-10-50 3.89 2.55 6.83 2.58 60 Ataxia8-11-50 5.83 0.94 12 .2 2 3.22 135 Ataxia8-18-50 5.10 3.24 2.47 0.62 50 Ataxia8-14-50 Administered 7g sod. brom. daily Normal8-15-50 6.20 0.06 6.20 0.74 105
8-16-50 3.33 0.51 8.36 3.82 150
8-17-50 3.85 2.28 22.00 3.35 160 Ataxia8-18-50 3.08 1.94 41.11 8.29 240

Administered 7g sod. chlor. daily
8-19-50 4.73 1.06 32.48 4.97 145 Better8-21-50 3.72 0.52
8-22-50 5.48 0.54 6.73 0.40 85
8-23-50 3.59 0.39 9.43 0.25 105
8-24-50 4.67 0.06 11.17 0 .2 1 45
8-25-50 4.04 0.25 11.18 0.30 65
8-26-50 5.24 0.27 44.60 0.37 175

Autopsy:
Brain -  sligh t edema
Kidney -  sligh t hyperplasia o f  lymphnode

»F ig u re s  r e p r e s e n t  mEq p e r  100 m l. o f  b lo o d .
♦ »F igu res  r e p re se n t  mEq e x c r e te d  p e r  2 4 -h ou r  p e r io d .

» » » F ig u r e s  r e p r e s e n t  m l. e x c r e te d  p e r  2 4 -h ou r  p e r io d .
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Graphs 1 to 18 are representations of the pro
gression of bromide intoxication in each animal. As in
dicated in the accompanying legends, they include blood 
chloride and bromide le v e ls , urine volume, and urinary 
chloride and bromide . In general, as the blood bromide 
r ise s , the blood chloride tends to f a l l .  As would be 
expected, urinary chloride is highest when the blood 
chloride level is low. The urine volume, as previously 
noted by many in vestigators, tends to parallel the tota l 
blood halide concentration. Ordinarily, bromide excre
tion tends to para llel the blood bromide level i f  the 
total amount of bromide in the body is not excessive.
But in acute bromism, bromide excretion tends to be 
highest follow ing a sharp drop in the blood bromide 
le v e l .

As illu stra ted  in the graphs, the course of bro
mide excretion is not an orderly, gradual decline, in 
the blood bromide. Thus the rise  in blood bromide f o l 
lowing discontinuance of bromide is followed by several 
smaller fluctuations in the blood bromide as excretion 
occurs. Of interest also is the occurrence of low blood 
bromide levels even during periods when bromide dosage 
was high. Just as fluctuations during excretion are ob
served, some fluctuation  during the production of bro
mide intoxication is  seen to occur.
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CHAPTER V

DISCUSSION

Since Wagner and Bunbury f i r s t  reported a rise  
in blood bromide as a consequence o f chloride adminis
tration , and advised withholding chlorides in the pres
ence of d eb ility , severe dehydration, or a generally 
weakened condition , much has been written concerning 
the opportune time fo r  institu tion  of chloride therapy. 
Although many clin ician s fin d  intensive chloride treat
ment, even when used in the presence o f extremely e le 
vated blood bromide lev e ls , entirely  sa tis fa ctory , warn
ings against too rapid replacement of the bromide by 

chloride are constantly recurring in  the ever-increasing 
number of a rtic le s  devoted to bromide in toxication . (43, 
44,45,46,47,48,50,52,54,56)

In the present work blood bromide concentrations 
were found to be elevated follow ing d is con tinuance of 
bromide not only in those animals receiving chloride , 
but also in the con trols. A temporary elevation o f blood 
bromide would seem to be, then, part o f the physiological 
mechanism concerned with bromide excretion , rather than 
dependent upon chloride administration, at least in rab
b its and dogs.

During the development of bromide intoxication ,
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the blood absorbs bromide from the gas t ro - in te s t inal 
tract and transfers i t  to the tissue f lu id s , where i t  
replaces ch lorid e . In the meantime, the kidneys excrete 
large amounts of ch lor id e , with accompanying small 

amounts of bromide, in order to maintain osmotic eq u ilib 
rium of blood and tissue f lu id s . Thus a gradient is es
tablished between the blood and tissue flu id  which favors 
deposition o f bromide in the tissu es . When the system 
fin a lly  reaches equilibrium, as i t  w ill  with any given 
dose ( the level of the equilibrium depending upon the 
dosage), the kidneys w ill  excrete approximately the 
amount of bromide ingested. However, minor fluctuations 
even during this period of equilibrium w ill occur, de
pending principally upon the tota l halide concentration 
of the b lood . When bromide is discontinued, the eq u ilib 
rium is upset, and the gradient reversed. The blood now 
becomes an excretion medium, receiving bromide from the 
tissues. I f  the tota l halide concentration of the blood 
is not such that bromide excretion in more than minimal 
amounts is possib le , there w ill resu lt a temporary e le 
vation of blood bromide. Moreover, whenever during the 
period of withdrawal the blood halide concentration is 
lowered, and bromide excretion  fa l ls  to almost n i l ,  sub
sequent rises in the blood bromide w ill be observed.
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The elevation of the blood bromide level in the 
controls was observed to be s ig n ifica n tly  greater than 
the elevation in those receiving ch loride. Thus rabbits 
reserved as controls show a temporaiy blood bromide rise 
practica lly  twice that of ch loride-treated rabbits, 
while the degree of blood bromide elevation in untreated 
dogs is three times that of dogs on sa lt . Rather than 
"liberating bromide from the tissues fa ster  than i t  can 
be eliminated by the kidney," as postulated by Wagner 
and Bunbuiy, the chloride would seem to hasten urinary 
excretion of bromide, which is  being excreted from the 
tissues via the blood. Both Bodansky and Modell, and 
wolf and Eadie, working separately, have shown that a 
condition in which the blood is saturated with halide 
favors bromide excretion. (17,18) The action of ch loride, 
then, with relation  to the blood bromide level, i a to 
lower the bromide leve l by increasing the tota l halide 
concentration of the blood and thus fa c il ita te  bromide 
exc re tion .

That the chloride actually aids bromide excretion 
is further attested by noting the amount of bromide ex
creted. In a l l  animals receiving chloride, the average 
24-hour excretion of bromide is higher than that in con
tro ls , except in the case o f dogs with chronic bromism 
where the difference could not be said to be s ign if icant.
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Moreover, the higher the dosage of sodium chloride , the 

greater is this observed difference in excretion o f bro
mide. Thus, dogs with acute bromism treated with 1 g of 
sodium chloride per kg o f body weight averaged 3.80 ipEq 
of urinary bromide daily as against 1.09 mEq of urinary 
bromide in controls , while dogs with chronic bromism 
treated with only 0.3 g of sodium chloride per kg of 
body weight excreted 0.89 nSq of bromide daily as 
against 0.87 mBq of urinary bromide in controls.

Since chloride administration d e fin ite ly  favors 
bromide excretion , animals receiving s a lt  would be ex
pected to ghow a lower blood bromide level than controls . 
Such was indeed the case. In both rabbits and dogs 
given chloride the f in a l blood bromide concentration was 
well below that in controls.

Many times a marked improvement in the physical 
condition of the animals on chloride was observed, even 
in the face of a temporarily elevated blood bromide .
Thus, Table 12 includes on 6-24-50 a note to the e f fe c t  
that rabbit E was surprisingly better, although the 
blood bromide is elevated to 1.40 mBq/100 ml. On

dog #121 treated with sodium chloride was ob
served to be normal, whereas dog #122 was s t i l l  some
what ataxic. (Tables 13 and 14) In fa c t , in these ani
mals the results of chloride therapy seemed dramatic
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enough to warrant a thorough re-examination of the ch lo
ride-deprivation theory of bromide a c t iv ity , even in 
spite of H iatt’ s c la ss ic  experiment.

As previously noted, much has been written con
cerning the toxic blood bromide le v e l . The charts i l lu s 
trate the point that neither the production o f bromide 
intoxication nor the course o f bromide excretion is rep
resented by an orderly, constant elevation or decline in 
the blood bromide. Since the blood bromide level is  nec
essarily  a function not only of in testinal absorption and 
kidney excretion , but also of tissue f lu id  absorption and 
secretion , which in turn depends upon the to ta l body bro
mide-chloride balance, i t  would seem more reasonable to 
consider bromide tox ic ity  as related to total extracellu 
lar retention o f bromide rather than s imply to blood 
chloride replacement. Such a concept could resolve much 
of the existing confusion about the toxic bromide level.

For example, in Graph 4, rabbit B showed a l l  the 
c lin ica l symptoms of bromism on 8-4-50, when the blood 
level was 2.26 niEq of bromide per 100 ml. There follow s 
the usual temporary elevation , then a declin e . But on 
8-12-50 the blood bromide is again 2.06 cEq, although by 
this time the animal was much improved. I t  would seem 
that bromide intoxication depends upon the tota l bromide 
depot rather than upon blood bromide alone.
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Conversely, dog #121 is shown in Graph 12 to 
have an extremely low hlood bromide content on 8-15-50 
follow ing a dose of 6.8 g o f bromide on the previous 
day, although the animal was beginning to show c lin ic a l  
e ffects  of the bromide. Such a phenomenon would explain 
the case of acute bromide poisoning reported by Perkins, 
in which the bromide lev e l was only 15 mg pe r cent, a l
though the patient was comatose . (47) Bo dan sky and Mo- 
d e ll (17) have pointed out that injections o f large 
amounts of bromide promote urinary excretion of bromide 
just as does ch lor id e , by raising the tota l blood halide 

concentration. I t  may be surmised that subsequent blood 
bromide determinations on the aforementioned patient 
would have revealed much higher bromide levels resu lt
ing from secretion o f bromide from the tissue spaces 
into the blood.

Several of the animals suffered a replacement of 
more than 40 per cent of blood chloride and yet survived. 
I f  U lrich ’ s figure of 30 per cent chloride replacement 
is to be accepted as the toxic lim it, and i f  B ernoulli’ s 
figure of 40 per cent replacement is to be regarded as 
fa ta l, i t  would seem better to interpret them with re fer
ence to the to ta l body chloride rather than to blood 
chloride only. This would explain such cases as that 
noted by Wohl (54), in which a patient with a level of
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560 mg per cent bromide survived. Although this level 
indicated a 42 per cent replacement of blood chloride , 
i t  did not necessarily r e f le c t  the extent of to ta l body 
chloride replacement.

Harris and Derian produced bromism in dogs by 
giving 0.2 g per kg of sodium bromide fo r  three weeks. 
Chronic bromism was produced in this series of dogs in 
two weeks with a dosage of 0.5 g per kg of body weight. 
I t  is interesting that the development of bromism seems 
here again to depend upon the total amount of bromide 
re tained.

Since blood bromide concentrations have been 
demonstrated in the present work to be elevated fo llow 
ing discontinuance o f bromide not only in those animals 
receiving ch lorid e , but also in controls ; and since the 
degree o± elevation in the controls is invariably greater 
than in ch loride-treated animals, i t  would seem inadvis
able to withhold chloride f o r  fea r  of elevating the bro
mide lev e l.



CHAPTER VT

SUMMARY

1. Acute bromide intoxication was induced in 
both rabbits and dogs by administration of three doses 
of sodium bromide o f 1 g per kg of body weight. Chronic 
bromide intoxication  in rabbits was produced by adding 
bromide to the drinking water. In dogs daily doses of

g/kg of body weight w il l  produce chronic bromism in 
two weeks.

2. The level of chloride and bromide in the 
blood and urine of twelve rabbits and seven dogs showing 
c lin ic a l evidence o f bromide in toxication  was determined 
daily fo r  two weeks follow ing discontinuance of bromide 
to determine whether chloride administration elevated 
the blood bromide le v e l .

3. Blood bromide concentrations were found to 
be elevated follow ing discontinuance of bromide not only 
in those animals receiving chloride but a lso  in the con
trols . Moreover, the elevation of the blood bromide 
level in the controls was s ig n ifica n tly  greater than
the elevation observed in those receiving ch lor id e .

4. The blood bromide leve l was observed to 
fluctuate considerably during excretion . This is taken 
as evidence that bromide tox ic ity  is related to tota l
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extracellu lar bromide retention rather than simply to 
blood chloride replacement. The blood bromide level 

may be considered to be a function not only o f  in te s t i
nal absorption and kidney excretion , but also of tissue 
flu id  absorption and secretion , which in turn depends 
upon the to ta l body bromide-chloride balance.

5. These results suggest that further research 
concerning the course of bromide intoxication  in man 
might be desirable.

l
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PREPARATION OF PROTEIN-FREE FILTRATE
(Baden’ s M odification o f  the Folin-Wu Method)

Reagents:
1* Sulfuric acid N/12.

1 2« Sodium tungstate solution 10 per cent.
3. Whatman No. 2 f i l t e r  paper.

Procedure:
1 . Eight volumes o f  N/l2 su lfuric acid is  trans

ferred to a flask  with a capacity o f about 125 cc .
2. One volume o f  oxalated whole blood is  added, and 

allowed to stand until the blood is  laked. Ostwald- 
Folin pipets should be used, and rinsed with the acid 
blood mixture several times.

3. One volume o f  the sodium tungstate solution is 
added. The flask  is  shaken thoroughly. The eoagulum 
should be dark brown with l i t t l e  or no froth ing.

4. The mixture is  f i l t e r e d . The f i l t r a te  should be 
p erfectly  clea r. (J.Biol.Chem, 56; 469. 1923.)

DETERMINATION OF CHLORIDE
Reagents:

1 . S ilver n itrate solution so prepared that one cc . 
is  equivalent to one mg. o f  sodium chloride.

2. Ammonium thiocyanate solution so prepared and 
standardized that 10 cc. o f  the thiocyanate solution 
is  equivalent to 10 cc . o f  s ilv e r  nitrate solution .

3. Ferric ammonium sulfate solution , six  per cent.
Procedure:

1. Ten cc . o f  protein -free blood f i l t r a te  is  in tro
duced into a 50 cc . fla sk .

2. Ten cc . o f  s ilv e r  n itrate solution is  added and 
stirred with a glass rod.

3. Five cc . o f  concentrated n itr ic  acid is  added 
from a graduated cylinder.

4. Five cc . o f  fe r r ic  ammonium sulfate solution is 
added. The mixture is  allowed to stand fiv e  minutes, 
protected from strong lig h t .

5. The excess s ilv e r  n itrate is  titra ted  with the 
ammonium thiocyanate solution u n til a defin ite  salmon 
red color persists fo r  f ifte e n  seconds.

Calculation: (10 -  c c . o f ammonium thiocyanate 
used) 100 • mg. o f sodium chloride in 100 cc . blood.
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GREENBERG METHOD FOR THE DETERMINATION OF 
BROMIDE IN BLOOD

P rincip le:
In this method the bromide o f  the deproteinized 

whole blood is  oxidized and determined by iodometric 
t itra tio n .

Reagents:
1. Zinc sulfate solution , 0.45 per cent.
2. Sodium hydroxide solu tion , 0.1 N.
3. Hydrochloric acid solution , 2N.
4. Calcium hypochlorite solution . A 15 per cent 

solution o f  calcium hypochlorite is  f i lt e r e d  and the 
f i l t r a te  diluted with 3 parts o f water.

5. Calcium carbonate powder.
, 6. Sodium formate solution , 20 per cent. >

7. Potassium iodide solution , 10 per cent.
8. Starch solu tion .
9. Sodium th iosu lfate solution , 0.0004N.

Procedure:
1. Into a test tube 6.5 c c . o f  zinc sulfate solution 

are placed.
2. With a special 0.1 cc . Folin micro—blood pipet,

0.1 cc . o f  blood is  co lle cted  and discharged d irectly  
into the solution, rinsing the pipet 2 or 3 times with 
the same solution .

3. Half a cc . o f  0.1N sodium hydroxide solution is  
added, the tube shaken and placed in boilin g  water fo r  
three minutes and cooled.

4. The solution is  f i lt e r e d  and 5 cc . o f f i l t r a te  
placed In another test tube.

5. The follow ing are added in succession: 0 .3  cc . 
o f  2N hydrochloric acid solution , 1.0 cc . o f hypo
ch lorite  solution , and a pinch o f calcium carbonate 
powder. The carbonate should be in excess as indicated 
by its  persistence as a p recip ita te .

6. The tube is  placed in boilin g  water fo r  8 minutes, 
0.4 cc . o f sodium formate solution added, and the tube 
is  heated 8 minutes longer, a fter which i t  is  removed 
from the water bath and allowed to cool*

7. The follow ing are added in succession: 3 cc . o f 
2N hydrochloric acid solution and 1.0 cc . o f potassium 
iodide solution . The tube is  shaken.

8. Ten drops o f  starch solution is  added and then 
standard th iosulfate solution , drop by drop, from a
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burette tm t ilth o  blue co lor Is just discharged.
. A  blank determination is  made whenever new re** 

agents are prepared. The blank ord inarily  ranges 
from 1.0 to 1.7 cc . o f  th iosu lfate solution .

Calculation: 
Each cc. 

to 7.6 mg. 
per 100 cc 
1943.)

o f  0.0004N 
o f bromide 
o f  blood.

th iosu lfate solution corresponds 
or 9.5 mg. o f  sodium bromide 
(J«Lab.Clin.Med., 28; 779.
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