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The unusual v a r i e t y  of e f f e c t s  which besgllium exh ib i t s  i n  b io logica l  

Beryllium has the capacity t o  systems has  not  been genels l ly  appreciated, 

produce i n  humans: granuloma of the  lung and skin, acute pneumonitis and 

a l l e r g i c  dermat i t i s ;  and i n  animals: sarcoma of bone, carcinoma of the  lung, 

r icke ts ,  osteosclerosis ,  i n h i b i t i o n  of l i m b  regeneration i n  l a r v a l  Amphibia, 

rocy t i c  anemia. Beryllium a l so  i n h i b i t s  a number of enzyme systems 

ing a lka l ine  phosphatase. 

u r t h e r  research on beryllium may uncover metabolic disturbances c o m n  

e of these very d iss imi la r  responses, 

The divers i ty  of these e f f e c t s  sugsests  

e purpose of this paper i n  reviewing the  cur ren t  s t a t u s  of beryllium 

is t o  i n t e r e s t  invest igators ,  pa r t i cu la r ly  those worldng on chronic 

ry reactions, cancer, bone metabolism, immune reactions and enzymr! 

try, i n  some of t h e  i n t e r e s t i n g  f ace t s  of the  bergll ium f i e l d  k i c h  

n t h e i r  work. 
Beryllium Diseases 

beryllium diseases  i n  humans include: acute  conjunctival, naso- 

pharyngeal and t racheal  i r r i t a t i o n ,  acute pneumonitis, pulmonary granulo- 

matosis ( c h n i c  berylliosis), subcutaneous granuloma, cutaneous ulcer ,  and 

contact dermati t is .  

of these d h e a s e s  have been published (1, 2, 3). 
pr imari ly  concerned with the research aspects of the problem, only the 

per t inent  f a c t s  of the c l i n i c a l  experience will be discussed. 

A number of good reviews of the  c l i n i c a l  c h a r a c t e l i s t i c s  

Since this paper is 

- 

Chronic Berylliosis 

BerylXum has produced about 300 cases of chronic pulmonary granulo-- 

mtods (L), 
epidemiological evidence made this diagnosis untenable.., The sgmptoms of- 

chronic berylliosis fol lou a l a t e n t  period of 1 to I3 years  and i n  a number 

The disease was i n i t i a l ly  confused with Boeck's sarcoid u n t i l  
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of cases, have been prec ip i ta ted  by pregnancy and upper respiratorg 

infections.  

heart  f a i l u r e  are due to defective t ransport  of oxygen through the lung 

t i s sue  as a r e s u l t  of  t h e  chronic inflammatory process ( 5 ) .  
l es ions  have been observed i n  the skin, l i v e r ,  spleen and kidney. 

The symptoms of shortness of breath on exert ion and terminal 

Granulomatous 

Evanescent 

skin nodules having the h is to logica l  character  of granulomas a l s o  occur i n  

chronic be ry l l i o s i s .  

the nodules have heralded an increase i n  pulmonary symptoms. 

In a t  l e a s t  one case under adrenal hormone therapy, 

There i s  an 
DOE ARCHIVES 

unusually high incidence of renal  stones i n  chronic b e r y l l i o s i s  (estimated 

a t  2%) (4) Kith some cases exhibi t ing hypercalcemia and h y p e x a l c u d a  

(1, 61. 

The c l l n i c a l  course of chronic b e r y l l i o s i s  is variable, some cases 

going on to death i n  a few years, others  gradually improving, and some 

maintained ui thout  change on adrenal hormones, 

an exce l len t  c l i n i c a l  response i n  some pa t i en t s  whereas others  exhib i t  less  

ACTH and cortisone produce 

benefi t  (7, 8). The improvement i n  symptoms i s  not necessar i ly  associated 

w i t h  change i n  the appearance of the chest  x-ray but  the  pulmonary function 

t e s t s  u sua l ly  improve, 

Pathologically, c e r t a i n  cases exhib i t  pmdor&ently f ib ros i s ,  and o the r  

Some pathologists granulomatosis without much evidence of any f i b r o s i s  ( 9 ) ,  

consider the les ions  of pulmonary granulomatosis to be cha rac t e r i s t i c  of 

bery l l ios i s ,  but o thers  f e e l  t h a t  they cannot make t h e  d i s t inc t ion  between 

b e r g l l i o s i s  and sarcoid. 

of i n t x s e p t a l  co l lec t ions  o f  mononuclear and g i an t  ce l l s ,  lymphocytes and 

The pathological reac t ion  is a f f u s e  and cons i s t s  

araorphous debris. 

seen as in sarcoid (10, ll). 

Crystal  c l e f t s  and conchoidal bodies are  occasionally 



TFiderLologicalIly, chmnic bery1lios:s has some uzusual features (12). 

Persons i x b b i t i n g  the immediate neighborhood of a beryllium ref inerg  were 

exposed to ext raord inar i ly  low atmosphedc concentrations of beryllium, 

(approxiwte ly  1 ug/cubic meter) and sustained an incidence of 1%. T h i s  was 

somewhat higher than t h e  incidence wi th in  the plant  (1/2 per  cent)  whem 

exposure levels were a thousand-fold 'higher, mreover, those workers who 

contracted t h e  disease within the plant  were employed f o r  six months o r  less ,  

Most cases of chronic b e r y l l i o s i s  occurred i n  iEdus t r ies  handling beryluum 

phosphors. I n  one f luorescent  lamp factory,  t he  incidence is now 740% (13). 
DOE ARCHIVES 

This  p lan t  had u t i l i z e d  a f luorescent  phosphor (ZnBeMg(Si~)Mn) containing 

1% beryllium oxide. The oxide concentration was reduced t o  2% i n  1942 and 

feu if any cases  occurred i n  persons exposed solely t o  the lower concentra- 

tion. Beryllium oxide has been sugges+ued a s  the e t io log ica l  agent because 

it is t he  one compound t o  wbich mst  cases of berylliosis have been exposed. 

However, t he  incidence among workers handLing the pnosphors hss been so 

much higher than o ther  groups t h a t  one o r  mre components of t he  phosphors 

may be of e t io log ica l  importance, 

Acute Pneumni t i s  

A s ingle  large exposure to beryllium f luor ide  has been observed t o  

pmduce syrnptoms of pneumonia i n  sevent.y-two hours (lb). However, lcwer 

exposures to soluble beryllium salts axd f i n e l y  divided beryllium oxide have 

produced g r a d u d l y  increasing resp i ra -aq i  symptoms over t h e  courSe of veeks. 

A s k r p  decrease i n  vital capacity usually preced5s the cha rac t e r i s t i c  

dyspnea and. cough (1s). 

one seri,es of ninety-three cases, 10% died and none progmssed to t h e  c h r o d c  

disease. However, a f e w  cases have apparently developed chronic b e r y l l i o s i s  

after acute pneumonitis (b),  but t h e  two diseases  an? uncommonly associated,  

The i l l n e s s  l a s t s  fmm one t o  fou r  months and in 
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The typical. pathology of acute pneumonitis is characterized by an acute 

inflammatory react ion of t he  bmnchioles with a lveolar  exudatfon containing 

numerous monocytic'and phagocytic c e l l s  (U). 

i n  the pathology between t h e  acqte and chronic forms of b e r y l l i o s i s  includ- 

There have been a l l  gradations 

i n g  s m a l l  grznulomatous nodules which appear i n  t h e  l a t e  s tages  of the 

acute disease. 

A i T H  w i t h  apparent benef i t  but there has not been s u f f i d e n t  experience t o  

evaluate th is  therapy ( 3 ) .  

Beryllium Skin Lesions 

A f e w  cases of acute pneumonitis have been t rea ted  with 

Beryll ium phosphor embedded under t h e  skin i n  some humans produces, 
DOE ARCHIVR 

af te r  a l a t e n t  period of several  months, a granuloma s nodule resembling 

the  pulmonary les ion  of be ry l l i o s i s  and sarcoid (16). There have been no 

repor t s  of the e f f ec t  of ACTH on t h e  l es ion  and it i s  cured by excision. 

Soluble bergll ium s a l t s  embedded i n  skin abrasions produces a super f ic ia l  

chronic u l c e r  which a l so  does not heal  unless excised (2).  

Contact dermati t is  i s  c o m n  i n  the ex t rac t ion  indus t ry  and usual ly  

follows i n i t l a l  skin contact a f t e r  a period of 3-10 days (17). Patch t e s t s  

with soluble beryllium s a l t s  have been posit ive,  ind ica t ing  t h a t  the 

dermati t is  k s  an a l l e r g i c  basis.  Beryllium f luo r ide  has been found t o  be 

the  most potent  sens i t iz ing  agent i n  patch t e s t s  and likewise, its 

dermatitis is  the  most d i f f i c u l t  t o  t r ea t .  

Beryllium Research 

There are a number of  f a c e t s  t o  the beryllium research program. From - 

the  practicaZ standpoint, an understanding of t h e  genesis of the various 

bergllium diseases i s  prerequis i te  t o  an adequate preventive and therapeutic 

program. On the  o the r  hand, the  close resemblance between chronic 
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b e r g l l l o s i s  and Boeckls sarcoid extends the  s ignif icance of beryllium 

research into t h e  f i e l d  of granulomatous diseases where information is 

badly needed. The ramifications go fu r the r  since berglllum i n  animals 

produces cancer  of bone and lung, r ickets ,  osteosclerod-s,  anemia, i n t e r -  

ference dth regenerative processes, as well as i nh ib i t i ng  a number of 

enzyme systems. 

prove t o  b e  of  considerable theoret ical  importance. 

The metabolic in te r re la t ionships  of these reactions may 

The pathogenesis of chronic 

thought. Since b e r y l l i o s i s  does 

toxicity,  it has been postulated 

be ry l l i o s i s  has been given considemble 

not follow the  usua l  pa t te rn  of chemical 

t ha t  the disease r'epresents an immunological 

react ion (12 )  on the following basis: t he  i n c i  AR$H'VE&der ence most circumstances 

i s  vexy l o w  (only a f e w  pe r  cent), suggesting tha t  those people who develop 

the  disease have a cons t i tu t iona l  suscept ib i l i ty .  
DOE ARCHI~ES 

n one beryllium ref inery 

and i t s  environs, there  was an inverse re la t ionship  between dosage and 

disease incidence. 

Beryllium does produce an a l le rg ic  react ion i n  the  sk in  and therefore i t  may 

have the sane p o t e n t i a l i t y  f o r  t h e  lung. Finally, granulomatous reactions 

a re  sometines seen under conditions suggestive of an immunological reaction, 

The l a t e n t  period i s  unusually long, one to eleven years. 

as  i n  tuberculosis,  

The f ind ings  of minute amounts of  beryllium i n  the lungs of some fa ta l  

cases of b e r y l l i o s i s  (1 micmgram/lOO grams) (11) suggests that an alteration 

i n  the umal enzymatic behavior of the lung tissue could be responsLble for- 

the  disease process. 

nuder of enzymes which berylli-iim does h a b i t  i n  vitro, 

Them i s  suggestive evidence f o r  this possib2lity i n  the  

Chronic b e r y l l i o s i s  has not y e t  been repmduced i n  animals. A 

var i e ty  of species, including rats, mice, rabbi ts ,  guinea pigs, hamsters, 
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and a f eu  cats, monkeys and pigs have been exposed t o  a number of beryllium 

compounds: 

and oxyfluorlde, and beryllium phosphor (18)- 

su l fa te ,  metal, hydroxide, oxide, stearate ,  carbonate, fluoride 

Severe chmnic inflammatoxy 

reactions have been produced i n  the  rabbi t  and guinea pig with in t r a t r achea l  

i n j ec t ions  af t he  oxide, hydroxide, stearate and the phosphor, but the 

l es ions  uem not considered typ ica l  bexyllium granulomas. It has been 

reported that granulomas a= produced i n  implants of embryonic mouse lung 

tissue bp beryllium oxide (19). However, these les ions  resemble the 

reactions seen i t h  in t r a t r achea l  ~~~@$H!!%d-t animals ( 9 ) , ,  

One stmin of rats, exposed f o r  twelve t o  eighteen months t o  beryllium 

oxide and beryllium su l f a t e  dust, exhibited an increase i n  the  spontaneous 

incidence of m a l l  d i scree t  granulomas f r o m  2-38 to 100% ( 9 ) .  I n  addition, 

the  number of l e s ions  per f r o n t a l  sect ion of both lungs i s  increased from 

2 to 3 t o  about 15. 

none of the animals exhibited symptoms of pulmonary insufficiency. 

As might be expected f r o m  ule small number of lesions, 

Therapg 

w i t h  ACTH f o r  a period of several months is sa id  t o  cause a tempolary 

Egress ion  i n  these lesions. 

To obta in  a chronic beryllium l e s ion  i n  animals is, of coursep an 

important i n i t i a l  s t ep  i n  studying the  pathogenesis of pulmonary 

granulomatosis. 

not  been s a t i s f a c t o r i l y  solved. 

As i s  apparent from the  above discussion, t he  problem has 

The f i rs t  attempts a t  reproducing chronic 
* 

b e r y l l i o s i s  were unsuccessful but some of t h e  r a b b i t s  developed osteogenic 

sarcoma (20, 21). This has been repeatedly confirmed i n  t h e  rabbi t  by - 

intravenous or in t raper i tonea l  i n j ec t ion  of soluble beryllium salts, the 

beryllium phosphor and the beryllium metal, 

the inha la t ion  of beryllium oxide (221, &em the  bone concentration of 

It a lso  occurred following . 
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beryI2lu.m averaged 35 micrograms per  100 grams of bone. 

sarcoma has been observed only i n  the  rabbit. 'Recently, carcinoma of the  

Thus far, bone 

lungs has been pmduced i n  rats exposed t o  beryllium su l f a t e  and beryllium 

oxide dusts f o r  a period of nine to twelve m n t h s  (23). 

The only  human granulomatous l e s ion  uhich has been convincingly 
& 

reproduced i n  animals is the skin granuloma. Subcutaneous implantation of 

W 

beryllium phosphor i n  the  - porcine pig st imulates t h e  formation of a 

granuloma which resembles the human les ion  c lose ly  although somewhat mrr! 
, 

PQE ARCHIVES 
TibroUc (a). j Implantation of beryllium oxide alone produced only  a non- 

specif ic  g rakorna  which regressed spontaneously. The production o f  this 

lesion has been recent ly  confirmed (25). 

It has been reported that ,  of sixty elements, beryllium was the only 

one to have a s ign i f i can t  e f f ec t  on tuberculod's in guinea pigs  (26). The 
QJ J 

number of t u b e r c u l x l e s i o n s  seen grossly in the  lung was markedly 

.incl.eased by inject ions.  of beryllium salts. U h i l t  t h e  msponse is 

unconfirmed, the relationship is  i n t e r e s t i n g  because of  t he  unusually high 

incidence of tuberculosis  i n  cases of h e c k ' s  sarcoid and the s imi l a r i t y  

of chmmc b e r g l l i o s i s  and sarcoid. There have been no reported s tudies  

of the t u b e r r n u n  reac t ion  i n  chronic b e r y l l i o s i s  although a few cases an? 

s a i d  to have had negative responses (4). 
1 

The complexity of beryllium chemistry i n  aqueous so lu t ion  has been 

a b a r r i e r  to t h e  study of the hyperimmune s t a t e  i n  be ry l l i o s i s  as well 

as enzymatic i nh ib i t i on  by bexyllium. 

bemllium probably exists i n  t h e  blood a s  a c i t ra te  complex (27) and t o  a . 

lesser extent as malate o r  bicarbonate. 

i n  blood is pmbably less  than 10-10 molar. 

I n  the  physiological range of pH, 

The amount of  ionized beryllium 
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Signi f icant  complexing of bergllium u i t h  p ro te in  has not  been observed 

except i n  the  presence of f luoride (28). BeryUum a lso  reacts strongly 

with r ibosemcle i c  acid, presumably with its phosphate radicals, but not 

u i t h  desoxyribosenucleic acid (27). The potent ia t ion  by hydmgen fluoride 

of t he  acute pulmonaxy toxic i ty  ta soluble beryllium salts ( 2 9 )  may be 

explained by t he  increased binding of beryllium u i t h  pro te in  due to a 

l inking e f f e c t  of f luoride.  

f luor ide  is the  most potent sens i t iz ing  agent in skino 

Likewise, of the soluble  salts, beryUum 

Beryllium has been demonstrated to inhibit a lka l ine  phosphatase 
HIVES 

*%kRCh t (30, 3, 32, B), adenosine t p osp a ase (32, a), and phosphoglucomutase 
L 

- 

(3). 
but  most o f  the enzyme s tudies  s u f f e r  from t he  lack of de ta i led  information 

The i n h i b i t i o n  of a lka l ine  phosphatase has been repeatedly confirmed, 

on the  concentration of ionized beryllium involved i n  t h e  reactions. 

Beryllium has been observed t o  subs t i tu te  t o  a l imi ted  extent for 

magnesium i n  p lan t  growth and t o  i n h i b i t  p lan t  a lka l ine  phosphatase (3). 

Magnesium-beryllium antagonism could not  be demnst ra ted  i n  v&tm although 

it has been postulated t h a t  the inh ib i t i on  of alkaline phosphatase by 

' beryllium is due to competition with magnesium. However, a ce r t a in  degree 
e 

of neu t l a l i za t ion  of beryllium-induced mitotic abnormalit ies was P f e c t e d  

by magnesium (36). 

Osteosclerosis  has  been observed cons is ten t ly  in rats and rabbi t s  
* 

fo l lou ing  pa ren te ra l  i n j e c t i o n  of beryllium salts (37)* T h i s  l e s ion  is 

character ized by an excessive p ro l i f e ra t ion  of  spongy bone within the 

marrow cavity. A f e w  cases of chronic b e r y l l i o s i s  have exhibited dense 

bones (L) but no systematic radiological o r  pathological survey has been * . 

made. Berpllium, f e d  t o  animals i n  large quant i t ies ,  produces a phosphate 
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deficiency r l c k e t s  which is l a rge ly  preventable by simultaneous administa- 

t i o n  of phosphate compounds (38). 

chronic be ry l l i o s i s ,  has not  been reported i n  animals. 

parathyroid h o m n e  does not  prevent the  osteosclerot ic  lesion o r  cause i ts  

regression (ag), but  it does dirninish the depositLon of beryllium. 

The high incidence of renal  atones i n  t h e  

Administration of 

Aurintricarboxyllc acid has been found to be an ef fec t ive  ant idote  to 

t he  acute poisoning produced by intravenous doses of beryllium sul fate  (4Q). 
! lMs  e f f e c t  is also observed with the salicylic acid portion of t h e  

auI-intricar'boxyUc ac id  molecule (41). However, thirty-five times man? 

sa l i cy la t e  is required for equivalen ~ o E % ? R & # ~ a  pro ec molar basis, The 

.action of both substances with beryllium is presumably due to chelation. 

S d i c y l a t e s  raise the  ur inary excretion of beryllium i n  contrast  t o  

aurintrica&oxylic acid (42). 

Brposare of dogs and r a t s  t o  beryllium su l f a t e  mist msults i n  a 

macrocytic hyperchmnric type of anemia (43). Folic acid had no e f f e c t  on -- 

the anemia of dogs but d id  prevent its occurrence i n  rats.  Studies u t i l i z -  

ing alpha C' ace ta te  ind ica te  t h a t  hemin and globin synthesis are depressed 

but the  l a t t e r  i s  more markedly affected (hk). The nature of t h e  metabolic 

distu~%ance i n  t h i s  response i s  not understood. 

l2i scus s ion 

One o f  the most dif f icul t  aspects of the  beryllium program has  been 
A 

t he  i n a b i l i t y  t o  reproduce i n  animals the c l i n i c a l  syndrome of chronic 

b e r y U o s i s .  Perhaps i n  the  species al-aciy studied, the suscep t ib i l i t y  

t o  the diissase is very low and consequently only guinea pigs, mbbi t s ,  

rats and d c e  have had an adequate tr ial .  The capacity of t h e  porcine p ig  

to respond t o  implanted bergllium compounds with a skin granuloma suggests 

t ha t  it might be susceptible t o  t h e  pulmonary disease, Because of t he  

9 
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d i f f i c u l t i e s  i n  handllng this animal i n  exposure experiments, feu pigs 

have been used and with negative results. 

of miniature pigs  developed a t  t h e  Home1 I n s t i t u t e  which is mom su i tab le  

f o r  experimental work, If the a l l e r g i c  hypothesis f o r  chronic be ry l l i o s i s  

Houever, there  is now a s t r a i n  

has merit, t h e  method of exposure of animals on a five-day per ueek bas i s  

fo r  six hours per day may not be t h e  most sui table  technique f o r  producing 

the disease, It i s  known tha t  under cer ta in  circumstances, large doses of 

antigen suppresspd the  a l l e r g i c  response (45). It therefore  might be more 

effective to expose animals to small amounts of bergllium compounds on an 

i n t e n n i t t p t  basis,  
e 

The c lose  resemblance between chmnic be ry l l i o s i s  and b e c k ' s  sarcoid 

is one of the moat in t r igu ing  aspects to the whole beryllium f i e l d  and 

suggests t h a t  the pathogenesis of both diseases involves s ind la r  mechanisms. 

The et iology of sarcoid i s  unhown but i ts  re a ionship t o  tubenulos is ,  

i f  elusive, i s  highly suggestive. The capacity of  beryllium to worsen the  

course of tuberculosis i n  guinea pigs ,  although unconfirmed, suggests a 

Ti?- n-T AI?C!q 

possible comon denominator i n  tuberculosis t o  sarcoid and berg l l ios i s ,  

Unfortunately, there  has been no detai led stuQr of tuberculin reactions i n  

cases of chronic bery l l ios i s ,  

sarcoid inconstant ly  re la ted  to hypercalcuria (46), 

by ACTH but such a response has not been reported i n  bery l l ios i s ,  

Granulomas are not uncommonly seen i n  the bones of pa t i en t s  with sarcoid, 

unlike bery l l i o s i s ,  whereas an excessive incidence of renal stones occurs 

i n  b e r y l l i o s i s  bu t  not  i n  sarcoid. 

die of renal f a i l u r e  with marked renal  hypercalcificaCLon (h7). 

seem t h a t  parallellsm.between the two diseases extends to abnormalities 

Ifypercalcemia has been observed i n  h e c k ' s  

T h i s  has been reversed 

* 

However, sarcoid pa t i en t s  occagionally 

It would- 

10 
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i n  calcium metabolism, 

Basic to the problem of both sarcoid and beryl l iosis ,  is t he  general  

nature of the  granulomatous response. I n  the older  s tudies  on t h e  

tubercular granuloma, the theory was advanced tha t  i n  the  presence of in=  

d iges t ib le  material, macmphages become indolent  and form the cha rac t e r i s t i c  

cells of the l e s ion  (48). 

i n  some vag i n t e r f e r e s  with the metabolism of  macrophage cel ls  and produces 

This r a i s e s  the  question of whether bexyllium 

the  Sam effect. It i s  also of i n t e r e s t  t h a t  cer ta in  phospholipids are very 

e f f ec t ive  i n  producing experimental granulomata (hy) and that berglUum has 

a high affinity f o r  phosphate compounds. 

Although it is tme that beryllium in t e r f e re s  with a lka l ine  phosphatase, 

this enzyme appears to be absent i n  non-beryUum granulomata, i. e., 
I)3E ARCHIVES 

sarcoid and Hodgkins Disease (9). Unfortunately,, there is l i t t l e  published 

data on the e f f e c t  of beryllium on acid phosphatase. Since the  conversion 

of monocg&s to macrophages i n  vitro i s  associated with the  appearance of 

high i n t r a c e l l u l a r  acid phosphatase a c t i v i t y  (SI), a s tuds of t he  e f f ec t  of 

beryllium on this conversion would be most interest ing.  

Perhzps osteogenic sarcomap osteosclerosis  and pulmonary granuloma a re  

var ien ts  of a s imi la r  metabolic disturbance i n  t i s sues  having a common 

mesenchymal origin. 

response. 

primary i d r i b i t i o n  of growth induced by the carcinogen (52)- A gmuth 

depressing e f f e c t  of beryllium is observed i n  the  inh ib i t ion  of t i s s n e  

regeneration i n  larval Amphibia (s3p fir) and the chmnic i n d u s t r i a l  skin 

ulcer. 

f i b rob la s t s  i n  t h e  presence of beryllium is followed by sarcomatous 

All three les ions  seem to  represent a p ro l i f e ra t ive  

According t o  Haddow, cancer m a y  be a reaction A of escape to a 

It would be in te res t ing  if an i n i t i a l  gmwth depression of bone . 

ll 

. 



/ 

degeneration as observed u i t h  methylcholanthrene 

The presence of a hyperimmune state t o  beryllium, although pos tuhted ,  

has never been defined. Most pat ien ts  u i t h  chronic be ry l l i o s i s  have p o s i t i r e  

patch tests to bergllium (3).  

acute berylliosis and these i n d i v i d u a l s  rarely, if ever, develop t h e  chronic 

disease. 

a - -  hnerimrrmne s t a t e  i n  the lung. 

i n  animals and might be usefu l  f o r  immunological studies,  

However, skin s e n s i t i v i t y  has been seen i n  

%reover, the posi t ive patch tes t  i s  not  convincing evidence of 

Acute beq r l l i o s i s  can be mactily produced 

The nrinute quant i t ies  of beryllium found i n  the lungs of individuals  

with chronic b e r y l l i o s i s  ra i ses  the question of t he  e l a t i o n s h i p  of beryllium 

concentration t o  the i n i t i a t i o n  and maintenance of the  granulomatous lesion. 

Evanescent sk in  granulomata occur i n  cases of  beryl l ios i s  but  the bexyllium 
O F  ARCHIVES content of these les ions  i s  not known. R e  wo phases of t h e  reaction may 

be relatively independent as seems to  be the case with the beryllium bone 

sarcoma since beryllium is not detectable i n  the  sarcomatous t i s sue  (a), 
If the subcutaneous granuloma i n  the p ig  could be  produced by repeated in-  

jec t ions  of soluble salts of radioactive beryllium, the relat ionship be- 

tween the h i s to log ica l  appearance of the les ion  and the concentration of 

beryllium could readily be followed. I n  addition, it would be of  i n t e r e s t  

t o  determine whether soluble magnesium s a l t s  would preyent t h e  appearance 

of the granuloma i n  v i e w  of the postulated beryllium-magnesium antagonism. 

Unfortunately, it i s  not f eas ib l e  t o  use radioactive beryllium f o r  

radioautography s ince the on ly  available isotope, 9t 7 , 
Localization of beryllium within the c e l l s  wmld be of 

because of t h e  affinity of beryllium f o r  ribosenucleic 

desoxyribosenucleic acid. The problem may possibly be 

e d t s  garnna rays. 

considerable i n t e r e s t  - 

acid ra ther  than 

attacked with dyes ~ 

12 



such as the  naphthachmme series o r b  use of the fluorescence reaction 

With morin. There i s  suggestive evidence t h a t  the  conchoidal bodies i n  

chmnic berylliosis contain beryllium (56). Microdissection and spectro- 

graphic analysis of the material  i n  crystal c l e f t s  a d  conchoidal bodies 

-. -- would be d i f f i c u l t  but useful. 
i 

Parathymid hormone administered i n  large doses does not prevent' 

o s t eosc l ems i s  ( 3 9 ) .  

hormone perhaps by i t s  inhib i t ion  of alkaline phosphatase, thereby producing 

the excessive bone foxmation. 

T h i s  suggests t ha t  beryllium may block parathyroid 

i 
Presumably, osteosclerosis  i s  caused by 

I 

deposited. 

osteoid tissue. 

os teosc le ro t ic  l e s ion  by decalcifying a sect ion of bone with versene and 

If th is  w e r e  so, beryllium should be demonstrable u i th in  the 

It might be possible t o  loca l ize  beryllium within the 

then analyzing t h e  residual osteoid t issue; 

beryllium could produce osteosclerosis  i f  i t s  presence i n  bone were accounted 

f o r  so le ly  by adsorption onto apa t i t e  crystals .  0 

It is d i f f i c u l t  to see how the  

The adrenal hormones a w  the only e f fec t ive  therapeutic measures used 

i n  chronic bery l l ios i s ,  However, other techniques might be considered. 

Some individuals  with chronic be ry l l i o s i s  have a constant, though s m a l l ,  

urinarg excret ion (57), ind ica t ing  t h a t  beryllium i s  transported in the  

blood. 

portions of t h e  lung and thereby maintaining the concentration high enough 

to  perpetuate t h e  granulomatous lesion. The occurrence of sk in  granulomas 

This may possibly be t h e  method of d i s t r ibu t ing  beryUlum to a l l  
* 

! i n  cases of chmnic b e r y l l i o s i s  might be an example of this phenonienon. 

Sa l icy la tes  form a soluble chelate which i s  readi ly  excreted i n  the  u r i n e -  

(41!* A constant level of salicylates i n  the blood might serve t o  interrupt 

13 



, 

! . .  
' j  

' I  

r e -exposu~ of the lung and MY accelerate  the slow drainage of the bo* 

s tores  of beryllium. 
\ 

Removal of beryllium from the bone i n  humans may be 

of c o n s i h e b l e  importance i f  the  incidence of bone tumors i n  beryllium 

workers becomes abnormally high. A n i m a l  studies indicate t h a t  up t o  60% of 

the body burden of beryllium can be carxLed by the  skeleton (58). Mobili- 

zation of calcium by versene might release t h a t  port ion of the  s k e l e t a l  

beryllium adsorbed onto apa t i te  c rys t a l s  to  be chelated and excreted 
I 

salicylates. 

bones i n  humans as  it does t o  a ce r t a in  extent i n  the  rat. 

approach, particles of beryllium once deposited i n  the  lung may be rendered 

Parathyroid hormone may help t o  remove beryllium f r o m  the  
I 

As another 
I DOE ARCHIVES I 

inac t ive  by comMnation with a u r i n t r i c a h x y l i c  ac id  inhaled as a mist, 

thns protecting the lung from fu r the r  damage. 

The Cpearance of chronic be ry l l i o s i s  i n  indus t r i a l  workers has  

stimulated a considerable amount of research on the b io logica l  e f f e c t s  of 

beryllium re su l t i ng  i n  a number o f  very in t e re s t ing  and diverse observations. 

The capaci ty  of beryllium f o r  pmducing granulomatous disease, cancer, skin 

a l le rgy  and disturbances i n  bone metabolism suggests t h a t  beryllium W i l l  

be a useful too l  for exploring the metabolic interrela+donshLps o f  these 

lesions. 
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