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TRACE METAL ALTERATIONS DURING ENDRIN 

INTOXICATION

CHAPTER I 

INTRODUCTION

Throughout h is to ry ,  the re  has  been a s t ruggle  be tween man 

and insec ts  that  has  continued without le tup to the p r e s e n t  t im e ,  and 

will  continue, no doubt, a s  long as a m e m b e r  of the human ra c e  e n ­

du res .

T h e re  a re  some people who e m b ra ce  the idea that  m an  is 

dominant over in sec ts .  However,  l e t  us r e c a l l  tha t  the outcome of 

m o s t  of the g rea t  w a rs  of h is to ry  was  not decided by m an  on the batt le 

f ields but by in sec ts ,  as  a consequence of in sec t -b o rn e  d i s e a s e s .  The 

Allies had to defeat  the insec ts  in the South Pac if ic  during World  War 

II before  they could a t tack  the enemy fo rces  (31). The g re a t  plagues 

of h is to ry  w e re  caused  by in sec t -b o rn e  d i s e a s e s .  On two occas ions ,  

in sec ts  a r r e s t e d  the const ruct ion  of the P a n a m a  Canal.  Efforts  taken 

to e liminate  damage caused  by in sec t  vec to r s  of human d i s ea ses  is 

dem ons t ra ted  by the rap id  growth of chemica l  pes t  control  which has
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grown to a m u l t i -m i l l ion  do l la r  e n t e r p r i s e  (31).

In the ag r icu l tu re  field, m uch  p r o g r e s s  has  been made with 

the aid of economic poisons,  but s t i l l  t h e re  a re  animal lo s se s  f rom in ­

sec ts  e s t im a te d  at $4 bill ion annually (31). Obviously,  th e re  is  much 

room for im provem ent .  The wastage  of food consumed or defiled by 

rodents  and in sec ts  during a pe r iod  when mil l ions  of people throughout 

the w or ld  a r e  hungry  is t rag ic ,  inexcusab le ,  and could be p revented  by 

the use  of pes t ic ides  (32).

Many in sec t  vec tors  of im por tan t  human d i s ea se s  have  been 

brought under contro l  to such a degree  that  the once d readed  d i sea ses  

m a l a r i a ,  yellow feve r ,  cholera ,  and bubonic plague a r e  no longer 

scourges  of m ankind and there  a re  those who feel that we m ay  be well 

on our way to the e rad ica t ion  of at l e a s t  some of them (32). Each y e a r ,  

unt i l  the advent of in sec t ic ides ,  some 250 mil l ion  p e r so n s  w e re  affl ic ted 

with m a l a r i a  throughout the world  and some 25 mil l ion  died annually.

According to H e rm s  and J a m e s  (69), Hodge r e p o r te d  tha t  one 

adult  fly can deposi t  120 to 150 eggs pe r  lot  for a to ta l  of at l e a s t  six 

lo ts ,  each sep a ra ted  by 3 to 4 days.  Based  on this he calcula ted  

that

"a  pa i r  of f l ies beginning opera t ions  in Apri l  may be 
p rogen i to rs ,  if all w ere  to l ive,  of 191 > 010, 000, 000, 000, 000, 000 
fl ies by August.  Allowing ohe.-eighth of a cubic inch to a fly, 
this num ber  would cover the e a r th  47 feet  deep. "



insec tic ides  have made it possib le  to enhance the quali ty and 

quantity of ag r icu l tu ra l  products  and to p ro tec t  the heal th  of people.

A spec tacu la r  example is the use of the insectic ide ,  1 ,1 ,1  - t r i ch lo ro -2 ,  

Z-bi(p-chlorophenyl) ethane (DDT), in the campaign agains t  m a la r i a  by 

the World Health  Organization which reached  all but 300 mil l ion  of the 

1,400 mil l ion pe rso n s  who live in m a la r ious  reg ions  (other than China, 

North Korea ,  and North Vietnam).

The economic poisons const i tuted  a bil l ion dollar bus iness  in 

the United States in 1965. In that y e a r ,  m o re  than $590 mil l ion were  

spent for ag r icu l tu ra l  pes t ic ides  (139).

In 1962, the United States expor ted m o re  than 22 mil l ion  

pounds of h e rb ic ides ,  and in the 1962 to 1963 period,  he rb ic ides  c o m ­

p r i s e d  20 per  cent of the total  organic  pest ic ide  production in the United 

States,  In the y e a r s  f rom  1959 to 1962, the value of he rb ic ides  exported 

in c reased  from $6. 7 mil l ion  to $22. 4 mill ion.  In the same period,  

fungicides expor ted  in c reased  from $8 mil l ion to $26 mill ion (139).

Household,  lawn, and garden  use accounted for approximate ly  

20 pe r  cent of all the pes t ic ides  purchased  in 1965, In 1 964, the United 

States exported pestic ides  valued at $134 mill ion and in the f i r s t  six 

months  of 1966, the value in c re a se d  to $92, 860, 834 which was a 36 per 

cent inc rease  for 1966 (139).

It is  obvious that every  state in the United Sta tes ,  every



country in the world ,  and every  individual p e r so n  is  in some way d e ­

pendent upon and affected by the use of economic  poisons for h is  l i v e l i ­

hood and health.

P e s t ic id e s  m ay  be defined as "m a te r i a l s  which kill unwanted 

o rg an ism s"  (71). Economic  poison m eans  any substance or m ix tu re  

of substances  intended for  preventing,  destroying, repell ing,  or  m i t i ­

gating any insec ts ,  roden ts ,  nematodes ,  fungi, or weeds ,  or any of 

the other fo rms  of life dec la red  to be a pes t ,  and any substance or  

m ix tu re  of substances  intended for use  as a plant r egu la to r ,  defoliant,  

or desiccant  (76). This includes all p rep a ra t io n s  intended for use as 

in sec t ic ides ,  ro d e n t i c id e s , nematocides ,  fungicides,  he rb ic id es ,  

amphibian and repti le poisons or  repe l len t s ,  b i rd  poisons o r  r e p e l ­

len ts ,  fish poisons or r epe l len t s ,  m a m m a l  poisons  or repe l len t s ,  i n ­

ve r te b ra te  animal poisons or rep e l len t s ,  plant reg u la to r s ,  plant d e ­

foliants,  and plant desiccants  (76). All  of these  substances  a re  subject  

to control  by the F e d e r a l  Insectic ide ,  Fungicide and Rodenticide Act 

of 1947 and the Mil le r  Pes t ic ide  Residue Amendment to the F e d e ra l  

Food, Drug and Cosm et ic  Act (71).

Insect ic ides  a re  c lass i f ied  as inorganic  and organic  poisons.  

Inorganic pes t ic ides  include m eta l l ic  and soluble compounds which 

a re  effective as gas t ro in te s t ina l  poisons  for pests  with chewing mouth 

pa r t s  or  as contact ,  p ro top lasm ic  poisons and include antimony,



a r s e n i c ,  ba r ium ,  cyanide,  f luor ide,  m e r c u r y ,  phosphorus ,  and 

thall ium. Organic  pes t ic ides  include s ix  m a jo r  broad  c la s s e s ;  namely 

benzene hexachlor ide  de r iva t ives  and i s o m e r s ,  chlorinated camphenes ,  

chlorobenzene der iva t ives ,  c a r b am a te s ,  o rganic  phosphates ,  pes t ic ides  

of botanical  orig in ,  m isce l laneous  compounds and cyclodiene or indane 

der iva t ives  (20). They a re  also c la s s i f i ed  into subc la s ses  according 

to th e i r  physiological  action  such as sy s tem ic  (1), contact ,  or  s tomach 

poisons .  One of the m os t  im por tan t  insec t ic ide  groups is  the cyc lo ­

dienes ,  which a r e  commonly known as the chlorinated hydroca rbon  o r  

indane insec t ic ide s .  This  group includes a ldrin ,  d ie ld rin ,  i sodr in ,  

and endrin .

The p re sen c e  of ch lor ina ted  pes t ic ides  in human t i s su e s  

throughout the w or ld  a t te s t s  to the a lm os t  u n iv e r s a l  application of and 

exposure  to these  m a t e r i a l s .  The cyclodienes,  e spec ia l ly  endr in ,  a re  

deposited  in fatty t i s sue  where  they re m a in  until  they a re  m e tabo l ized  

a n d /o r  e x c re ted  in the milk ,  u r ine ,  a n d /o r  feces  (158). F o r  that  

por tion  of the ch lor ina ted  h ydrocarbons  that  a re  subjected to m e ta b o ­

l i sm  or degradat ion  in the body, the p roducts  fo rm ed  may be m o re  

toxic than the or ig inal  compound.

In genera l ,  the cyclodienes a r e  highly toxic to m an ,  an imals  

and insec ts  through th e i r  action on the c en t r a l  nervous  sys tem .  The 

m o s t  cons is ten t  observat ions  following repea ted  exposure  of ex p e r i -



m enta l  an im ais  have been changes in the l iv e r  and kidneys (158). E n ­

d r in ,  one of the m o s t  toxic of the cyclodienes,  has  induced symptoms 

such as abdominal d iscom for t ,  ve r t igo ,  insomnia  and weakness  of 

legs  during mi ld  intoxication,  and nausea  and d i a r r h e a  during acute 

exposure .  M odera te  doses have been observed  to produce ,  without 

warning ,  a m a r k e d  loss  of appet i te,  lo ss  of weight and commisions 

(158). Due to th is  comparat ive ly  high toxicity,  the F e d e ra l  G overn ­

m en t  p e rm i t s  no endr in  r e s idua l  on crops  that a re  to be consumed by 

humans  or m ark e tab le  an im als .

Even though much is known about the pharmacolog ica l  action 

of the cyclodienes  re la t ive ly  l i t t le is known concerning their  m olecu la r  

base  of action.  Recent  studies concerning s im i la r  d isease  s ta tes  have 

indicated  that  shifts  in ce r ta in  t r a c e  m e ta l s  at the m olecu lar  level r e ­

sul t  in obse rved  clin ical  phenomena. Such t r a c e  m e ta l  shifts  may  not 

only re su l t  f ro m ,  but also  contr ibute  to,  the toxic state and as such 

could provide a bas is  fo r  the detection and evaluation of intoxication 

before  these  g ross  physio logical  re sp o n se s  a re  manifes ted .  Thus ,  an 

evaluat ion of t r a c e  m e ta l  mobi l iza t ion  appea rs  to be e ssen t ia l  to a basic  

knowledge of the toxic reaction .



CHAPTER II 

REVIEW OF LITERATURE

C h em is t ry  of the Cyclodienes 

The cyclodiene insec t ic ides  a re  highly ch lo r inated  cyclic h y ­

drocarbons  c h a r a c te r i z e d  by an endomethylene-bridge  s t ru c tu re .  

Synthesis of these  cyclodienes,  except toxaphene, is by a Diels - Alder 

diene react ion .  S t ruc tu ra l  i s o m e r s  (endo - and exo-fo rm s)  a re  possible  

in the b r idged - r ing  compound. The i so m ers  a re  named from the r e l a ­

tive posi t ions  occupied by the rings  in re la tion to each o ther .  A t tach ­

ments  can be m ade  in two posit ions  (as shown in F igure  1) using  carbon 

atoms 7 a t  the top of the drawings as the beginning point of the t r i ­

angle,  and carbon  atoms 1 and 2 a r e  used to de te rm ine  the i so m er ic  

posit ions of the ring s t ru c tu re s  (51).

Rings attached to carbon atoms 1 and 2 may be in one of two 

pos it ions .  If the adjacent r ing l i es  outside an angle drawn from carbon 

atom 7 through carbon  atom 2, it is identified as an exo der iva tive ,  

while those rings  which lie ins ide the angle a re  called endo der iva t ives  

(51). The second ring attached to carbon atoms 1 and 2 becomes

7
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e i the r  exo- or endo- with r e s p e c t  to the ring containing carbon  a toms 

1 through 7. This second ring m ay  also have a tt achments  that  can be 

exo - o r  endo- so that four th eo re t ica l  i s o m e r s  may  exist :  exo , e x o - ; 

exo, endo-;  endo, exo-;  and en d o , endo - . Oxidation of the 6, 7 -posit ions  

with p e r - a c i d s  gives the 6 ,7 -epoxy  der iva t ives  (51).

Aldrin

In 1949, K earns  e t  a l . (82) publ ished the f i r s t  r e p o r t  on a new 

insec tic ide  that  was  in t roduced in 1948 and called  "Compound 118. " 

L a te r  this insectic ide  was  a ss igned  the coined nam e,  ALDRIN, because  

it was  synthes ized by the D ie l s -A ld e r  react ion .  The endo-exo i s o m e r  

a ld rin  is a product having not l e s s  than 95 p e r  cent of i ts  pr inc ipa l  

consti tuent the chem ica l  1 , 2 , 3 , 4 , 1 0 ,  1 0 - h e x a c h l o r o - l , 4, 4a, 5 ,8 ,  8a- 

h exahydro■■ 1, 4-endo_, exo -5, 8 -dimethanonaphthalene (51) (Figure 2).

The p r inc ipa l  component is a white c rys ta l l ine  solid  which has  a 

m el t ing  point of 100 to 102°C. This compound has no odor at room 

te m p e r a t u r e ,  but has  a p ine- l ike  odor when heated  to h igher  t e m p e r a ­

tu r e s .  Epoxidation of the 6, 7 posi t ions  of a ld r in  with p e r - a c i d s  forms 

the endo-exo epoxide,  d ie ld r in  (51).

The init ial  insec t ic ida l  toxicity  of a ld r in  is  re la t ive ly  high 

and i t  also has  a comparat ive ly  high chronic  and d e r m a l  toxicity to 

a n i m a l s . Usual ly,  the re s id u a l  action is  shor t ,  and the re s idues  do
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not p e r s i s t  loiigf-r thar, th ree  weeks., with no phytotoxicity when 

applied as d irec ted.

Isodr in

The en_do endo i so m er  of a ldrin  was isola ted in the l a t t e r  

part  of ! 950 ’,51), and was given the name ' 'Compound 711."  L a te r  

the coined name of ISODRÏN was given to this i som er .  C hemic ally, 

isorinn .s i , Z ,  i, 4, 1 0, 10 - h e x a c h l o r o - l , 4, 4 a , 5, 8, S a -hexahydro -1,

4' e c d -  enjlo 5, 8-dimethanonaphthalene (51) (Figure  Z), and is a white 

crys taKine s u 'd  which is not decomposed by a lkal ies  but is slowly 

deconn posed when h>-;ited above 100°G. it has a high acute toxicity to 

w arm - bioode-d -.mimais and a low toxicity to fl ies.  Isodrin  is synthe­

sized oy si.owiv rt. .rcting cyclopentadiene with the condensation p r o ­

duct o:' hex ichioroLyciopentadiene and vinyl chloride (51). The 6 ,7 -  

posit ions ,^re oxidized with per -acids to give the 6 ,7 -epoxy der ivative 

endrin.

Dieldrin

Ke mns et al. in 1948 (82) first  desc r ibed  this insec tic ide  

under the name "Compound 497,"  and DIELDRIN was coined in 1949 

and reg is te red  as a generic name for the "Compound 497."  This name 

was chosen hec<use this compound was synthesized by the Diels - Alder 

conden-a '  iMi react ion Lke d.drin. The active insectic ida l  product
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contains not le ss  than 85 pe r  cent of i ts  principle consti tuent,  the 

chemical 1 ,2 ,  3, 4, 10, 10 -hexachlo ro-6 ,  7 - epoxy - 1, 4, 4a, 5, 6, 7 ,8 ,  8a- 

octahydro -1, 4 - endo-exo - 5, 8 -dimethanonaphthalene  (51) (F igure  2).

It is  a buff -co lored  crys ta l l ine  solid with very  l it t le odor and a melting  

point of 150°C in m ix tu res  and 175 to 176°C in the pure s ta te  (51). Be ­

low 43°C, It is l e s s  volati le than DDT or  a ld r in  and is m o re  volati le 

at higher t e m p e r a t u r e s .  It is re la t ive ly  stable in spite of the epoxy 

linkage, Die ldrin has a h igher  toxicity to some insec ts  than DDT or 

a ld r in  and is cons idered  a genera l  poison with  a pronounced re s idua l  

act ion,  and very  l i t t le phytotoxicity.  It is both a s tomach  and contact 

poison and read i ly  absorbed  through the skin in lethal  quanti t ies,

Endr in

Endr in  (the s t e r e o i s o m e r  of the principle const i tuent of 

dieldrin) is a white c rys ta l l ine  solid, having the endo- endo config- 

ura tion ‘F igure  1) with r e s p e c t  to the two methano portions of the 

formula ,  and is defined as 1, 2, 3, 4, 10, 10 -h e x a ch lo ro -6, 7-epoxy■■ 1,

4, 4a, 5, 6, 7, 8, 8a - o c ta h y d r o -1, 4 -en d o -en d o -5, 8 -dimethanonaphthalene

(157) (F igure  2). This formula t ion  was fo rm er ly  cal led "Compound 

269,' '  l a te r  it was given the coined name ENDRIN. This i som er  is  

stable to basic reagents  and a lka l ies ,  but when t rea ted  with acids or 

heated above 200°C, a r e a r r a n g e m e n t  of the molecule  occurs  with
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the production of two der iva t ives;  one r e f e r r e d  to as the delta keto-

o / 2 7
153 der ivative ,  1, 8, 9> 10 ,1 1 -hexachlo ropentacyclo - (6 .  2. 1 ’ . O ’ . 

0^'  ^^) -dodecane-5-one  (127), and the o ther  derivative  is an aldehyde, 

4, 5, 6, 7, 8, 8 -h e x a ch lo ro -4; 7 -m e th a n o - 3, 5, 6 -methenoindane -1 - c a r -  

boxy aldehyde ,(119). Endr in  is  soluble in the usual  organic  solvents,  

but insoluble in water .  Its g re a te s t  solubil i ty is in a ro m a t ic  h y d r o ­

carbons  such as  benzene and xylene (51). It was in troduced in the 

ea r ly  1950's and has  found extensive  field use  because  of a str ik ing 

potency agains t  many household and field insec ts  (51). Endr in  is 

cons idered  a genera l  poison, killing both by contact  and s tomach 

action.  It is toxic to animals  and insec ts  in sm al l  quanti t ies and a b ­

sorbed  into the body by one of t h ree  methods: inhala tion,  ingestion,  

or  through the intac t  skin.  Once endr in  e n te r s  the body, it  can be 

s to red  in the fatty t i s su e  o r  s e c re te d  via  the feces and m i lk  (158).

Endr in  d is s ipa tes  f rom  the fatty t i s su e s  m o r e  expedi tiously  

than the o the r  cyclodiene insec t ic ides  (158). It ap p ea rs  to be t r a n s i ­

tory  in the body and no evidence of m etabo l i te s  or  end products  have 

been r ep o r ted .  The exact cause of death f rom endr in  h a s  not been 

de termined ;  ne i the r  have the deposit ion,  d is tr ibution ,  and quantity 

of endr in  in the individual cell  fragments  been evalua ted.

Endr in  can undergo i so m er iza t io n ,  r e a r r a n g e m e n t ,  and de­

composi t ion when exposed to heat,  sunlight,  and u l t rav io le t  i r r a d i ­
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ation. This instabi l i ty of endrin under  these  spec ia l  conditions can be 

both a b less ing and a c u r s e .  Degradat ion under u l tr av io le t  i r r ad ia t ion  

can be used  for identification of endr in  on thin layer  ch ro m a to g ram s .  

At the t e m p e ra tu re  r equ i red  in gas chromatography,  pure  endrin  will  

give r i s e  to m ul t i -peak  ch rom atogram s  (57) (119). Two m ajo r  peaks 

of a lmos t  equal size are  the r e s u l t  of th e r m a l  i so m er iza t io n  of endrin  

to a ketone and a new i s o m e r ic  aldehyde (Figure  3). In te rmedia te  to 

the fo rmation  of the ketone and the aldehyde is an enol- l ike  compound 

(Figure  4) (146).

Sunlight produces  the delta-keto i s o m e r ,  a mixture  of po ly­

m e r s ,  and a carbonyl type compound (126). Ultraviolet  i r r ad ia t ion  

(2537 .^) produces  many of the same products  and the m echanism  is 

thought to involve e i the r  a hydride shift or a hydrogen abs t rac t ion  of 

an epoxy-hydrogen (119). Uniquely caused by 2537 is a hydrogen 

atom rep lacem en t  of a chloride atom adjacent to the double bond.

In genera l ,  the compounds produced by th e rm a l ,  pho tochem i­

cal , o r  u lt rav io le t  i som er iza t ion  appear  to be the same.

Toxicology of Endr in  

Humans

All methods  of manufactu re ,  formulat ion,  and use of endrin  

a re  s im i la r  to that employed in the handling of o ther  economic 

poisons of s im i la r  toxicity,  yet  only 214 case s  of poisoning have
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been r e p o r t e d  (158). These  214 case s  include su ic idal  a t t empts ,  

acc identa l  ingest ion,  occupat ional  exposure ,  and consumption of food 

contaminated  with endr in .  Only a few cases  of intoxication have 

o c c u r re d  among personnel  engaged in the p rocess ing  of endrin,  and 

no deaths a r e  known to have  occu r red .  The low incidence of casualt ie s  

might  conceivably be explained by the c a r e  taken in the safe methods 

of use ,  o r  safe handling in every  aspect in the manufac ture  of endrin,  

but these  do not appear  to explain or coincide with  the fac ts .

The bes t  desc r ip t ion  available of the hum an reac t ion  to a 

single o ra l  dose  of endr in  is  that  of Davies and Lewis  (27), in which 

a group of 59 p e r so n s  in Italy w e re  poisoned by eating co n tam i­

nated  b read .  The b r e a d  w as  made from flour that  had become c o n ­

tam ina ted  in t r a n s i t .

Symptoms,  which developed in about 3 hours  in 30 of 

the 59 people were  ep ilep ti form in c h a r a c te r  (158). D iz z i ­

n e ss ,  weakness  in the legs ,  abdominal d iscom for t ,  and nausea  

o c c u r re d  in the l e s s  seve re  c a s e s .  Severa l  of the individuals were  

confused and a few compla ined of t e m p o r a r y  deafness .  Weakness ,  

insomnia ,  and anorex ia  p e r s i s t e d  for s ev e ra l  days in a few c a se s ,  

but m os t  of those  affected w ere  im proved  the second day r e g a rd le s s  

of whe ther  o r  not they had exper ienced  convulsions (158). It is of 

significance that  from all these  i l ln e s se s  there  w ere  no fa ta l i t ie s .
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Brief,  but effective,  exposure  by o ther than ora l  rou tes  has 

produced c h a rac te r i s t i c a l ly  the same sequence of sym ptom s,  beg in ­

ning with a sudden a ttack of convulsions.  Very  often vomiting is the 

f i r s t  indication of the absorp tion  of a toxic amount of endrin  (180).

Of im m ense  significance is the fact  that after the poisoning 

o c cu r red  in 1956, none of the p e r so n s  affected suf fered anything u n ­

favorable  which could in any way be a ssoc ia ted  with the endr in  

po ison ings .

A carefu l appra isa l  of a 10-year  period between 1952 and 

1962 has  d isc losed  only 43 cases  of chronic  hfaman intoxication.  

Twenty-seven  of the 43 w ere  so m i ld  that  no t ime was  lost  from work  

and no m ed ica l  at tention was n e c e s s a r y ,  but the o ther 16 involved 

lo s s  of consc iousness  or convulsions and four of the 16 w e re  fatal.

In the 16 c a s e s ,  the re  was  a h is to ry  of g ro s s  ove r -ex p o su re .  After

having endured musc le  twitching, lo ss  of consc iousness ,  or convuls ­

ions ,  12 patients  made a complete  r e c o v e ry  within 24 to 96 hours ,  

and many r e su m ed  w ork  in 3 days without fur ther  incident (158).

Sixty-four non - 0 c c up ational intoxicat ions have o c c u r r e d  in 

the va r ious  countr ies of the w or ld  over  a period of 10 y e a r s .  In the 

Sudan, th ree  v i l lage rs  drank w a te r  f rom a ditch contaminated with 

endrin ,  and each one became ill with nausea ,  vomiting,  headache,
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and d izz iness ,  but had no convulsions and r e c o v e re d  within  24 to 48 

hours .  A man in Spain consumed f r e s h ly - s p ra y ed  b la ck b e r r ie s  and 

became il l with convulsions,  but r e c o v e re d  promptly .  Jacobz iner  

and Raybin (77) d e sc r ib ed  one case  where  a child in Venezuela b e ­

came il l f rom contaminat ion of the skin.

Over a pe r iod  of 10 y e a r s ,  a to ta l  of 30 case s  of acc identa l  

ingest ion of endrin has taken  place due to g ro ss  negligence.  This  is 

a re la t ive ly  m inor  number  when compared  to all  the acc identa l  

poisonings caused by the ingest ion of such things as ke rosene ,  

b leaches ,  a sp i r in ,  and other common household products .  There  have 

been  a total  of 24 fa ta li t ies  f rom th is  group of in toxications and five 

non-fata l  cases  which m an i fe s ted  convulsions (158). All these  

pe rsons  consumed endr in  in l a rge  amounts .

There  have been 69 case s  of suicide by ingest ion of endrin  

over a period of 10 y e a r s  in eight different countr ies .  O ther  than 

the su ic ides ,  t h e re  w ere  145 c a s e s  of intoxication,  and of these  the re  

were  28 fa ta li t ies  (including four in the USA, and Canada),  o r  an 

average  of l e s s  than th ree  fata li t ies  per  y e a r  (138).

Fif ty-one of the 53 pa tients  r epo r ted  to have had convulsions 

r e c o v e re d  quickly and completely .  The two exceptions w ere  both 

infants who had absorbed  very  la rge  amounts of endrin i  

one by acc identa l  ingest ion (158), the other by g ro ss  skin exposure
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(77), This  l a t t e r  incident was  the case  of a sm al l  child in  Maracaibo ,  

Venezuela,  who, a f te r  playing in a puddle of endr in  m is taken ly  used 

for h ouse - sp ray ing ,  had seve re  convulsions with pro longed coma and 

c e r e b r a l  anoxia which re su l ted  in d e c e re b ra te  rigidity and p e rm anen t  

b ra in  injury.

F i s h

The significance of endr in  becom es  m o re  complicated when 

it is used  near  f ish  since m o s t  spec ies  a r e  affected by smal l  concen­

t ra t ions  of endrin .  Severa l  inves t iga to rs  (39) (45) (46) (47) (48) (158) 

(173) have studied the toxicity of endr in  to sev e ra l  di fferent  species  

of f ish and f re sh  w a te r  sh r im p .  P a r a m e t e r s  affecting re s i s ta n c e  a r e  

genetic  se lectiv ity ,  unidentified m e tabo l i te s  fo rm ed  in the body, 

s t ruc tu re  of red  blood ce l l s ,  and reproduct ive  capacity.

Under labo ra to ry  conditions,  letha l  concentra tions  of endrin 

to fish w ere  s tudied and found to range between 1 ppb and 500 ppb

(158). The fact that  endr in  pa r t i t ions  f rom w a te r  into m ud se rves  as 

a pro tec tive  m e a s u r e ;  consequently,  f ish can to le ra te  a h igher c o n ­

centra t ion  of endr in  in th e i r  na tu ra l  habita t  than in the labora to ry  (158),

No change was noted in the s ize  of the l iv e r ,  level of se rum  

chloride,  or gam m a globulin; however,  the concentra t ions  of se rum  

sodium, po ta ss ium ,  calc ium, and u r ic  acid w e re  consis tently  lower
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in the t re a te d  fish than in  the con tro ls  (39). Since se ru m  cho les te ro l 

levels  in end rin -exposed  puffers  w as h igher in te s t  fish than con tro ls  

and ch o les te ro l  m etabo lism  is  p r im a r i ly  a function of the l iv e r ,  E is le r  

and Edmunds (39) suggested tha t endrin  enhances cho les te ro l production 

by the l iv e r  o r  inhibits  its  excre tion  to the bile duct. This  rap id  t r a n s ­

fe r  of sodium , p o ta s s iu m , and calc ium  from  the l iv e r  into the se ru m  as 

the concen tra tion  of endrin  in c re a s e s  supports  the theory  that endrin  

im p a irs  the l iv e r  function of fish.

O ther Animals 

Exposure  to a irbo rne  endrin  under conditions found to be 

non-le tha l to r a t s ,  m ice ,  guinea p igs, h a m s te r s ,  and cats  was found 

to be fa ta l to rabb its  (162). The loss  of appeti te , occasional vomiting 

and hyp ersen s i t iv i ty  to physica l s tim uli or noise  a re  usually  the f i r s t  

indications of endrin  intoxication in dogs (162). In view of the fact that 

r a ts  w ere  able to to le ra te  5 to 10 t im es  as m uch endrin  in th e ir  

diet as dogs (109), species  v a r ia t io n  was obvious in  the capability  to 

r e s i s t  the effects of chronic  doses of endrin . Sex difference in the 

sam e species  was not always m arked ; how ever, fem ale ra ts  w ere  

found to be m o re  suscep tib le  to endrin  than m a le s  with the re v e r s e  

being true  for quail (30)(109).

Following prolonged absorption  of endrin , an im als  exhibited
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diffused degenera ted  lesions  of the b ra in ,  l iv e r ,  kidney, and adrenal 

t i s su e s  (180). N ecros is  of the p ro x im al and d is ta l convoluted tubes 

of the kidney and fatty vacuolization  of the cytoplasm  of the hepatic  

ce lls  w ere  frequent findings even when o ther o rgans  w e re  norm al (180). 

C e l lu la r  degeneration has  been noted in r a t  l iv e r s  even when th e re  was 

no cytoplasm  vacuolization. B asophilic  cells  w ere  noted in zones a -  

round the c en tra l  veins in  the l iv e r  lobules as e a r ly  as the seventh day 

a fte r  ingestion of a single dose of 3. 5 m g /k g  of body weight. These 

les ions  advanced in in tensity  as the ingestion of endrin  continued (180).

T reo n  (159) observed  pulm onary h ype rem ia  and edem a in 

an im als  that died from e x trem is  resu lt ing  from  te rm in a l  dyspnea and 

hypoxia r a th e r  than from  endrin . I r re g u la r ly  d is tr ibu ted  foci of swollen 

hepatic  cells  with cy toplasm ic g ranu les  in the ir  p e r ip h e ry  w e re  observed  

in roden ts  that su rv ived  two y e a r s  of endrin  ingestion (159). No in ­

c re a s e  in  incidence of tu m o rs  was noted in  an im als  subjected  to endrin  

when com pared  with a control group not exposed to end rin  (159). In­

c re a se  in the p e rm eab il i ty  of the so -ca l led  b lo od -b ra in  b a r r i e r  was 

observed  (147) following the absorp tion  of endrin , and the sam e author 

found that in travenous injection of trypan  blue blocked the in itia l acute 

reac tio n  to the absorp tion  of endrin . T reon  (159) observed  that, when 

inco rpo ra ted  into the diet of dogs, endrin  was s to red  in the fat and



23

l iv e r  with sm a l le r  quantities  in the kidneys, m u sc le ,  and b ra in ,  and 

the amount s to re d  did not in c re a se  in  p ro p o r tio n  to the amount a d ­

m in is te red .

E ndrin  s to rage  in the body depends on the lip id  content of the 

t i s su e s ;  how ever, i t  was found tha t  fem ale ra t s  had a h igher s to rage  

ra te  than m ale  ra t s  (86) (160). N elson et a l . (109) rep o r te d  tha t 

endrin  w as ab so rb ed  on the a lkaline  phosphatase  in the blood of r a ts ;  

how ever, Weil and R u sse l  (174) ob se rv ed  that the a lkaline  phosphatase  

levels  d e c re a se d  in  the blood of ra ts  a f te r  eight hours  of fasting.

P hys io log ica l  M echanism  

Intravenous in jec tion  of end rin  in an es th e t iz ed  pigeons i n ­

duced a num ber of changes in te lencephalic  neuronal function (125). 

Dosages of 4 m g /k g  o r m o re  caused  se izu re  activ ity  th roughout the 

te lencephalon; how ever, at the 2 to 3 m g /k g  dosage lev e l  the se iz u re  

activity  w as l im ited  p r im a r i ly  to the e c to s tr ia tu m  by s tim u la tion  of 

the nucleous ro tundus, a d iencephalic  v isual p ro jec t io n  a r e a .  The 

re t ic u la r  fo rm ation  functions te s te d  w ere  affected very  l i t t le  by en d rin  

at any dosage te s ted .  It w as suggested  that re la t iv e ly  low lev e ls  of 

endrin  found in the b ra in  m ay im p a ir  v isual function in b ird s  and that 

this v isual im p a irm e n t  could be a m a jo r  fac to r  underlying the w e ll-  

known sens it iv ity  of b ird s  tow ard  the ch lo rin a ted  hyd ro ca rb o n  p e s t i ­
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cides (125). R evzin  (125) observed  tha t the slope of the d o se - re sp o n se  

curve w as very  s teep  s ince 1. 2 m g /k g  w as an LDq  w h e rea s  2. 0 m g /k g  

approx im ated  an LD^qq w ith an  LDgQ of 1. 5 m g /k g . No evidence of 

tox icity  w as o b served  in the b ird s  4 hours  a f te r  in jec tion  of the 

pestic ide  (125).

P en to b a rb ita l  in sufficient doses  com ple tely  blocks the 

e lec tro g rap h ic  effects of endrin . Given in convulsive do ses ,  endrin  

had a diphasic action upon the effects  of ascending re t ic u la r  activating 

system  s tim ula tion  (125).

E m erso n  et a l . (42) o b se rv ed  tha t dogs t r e a te d  with le tha l 

am ounts of en d rin  followed the usual p a t te rn  of sym ptom s and that 

th e ir  to le ran ce  fo r b a rb i tu ra te  in c re a s e d  g rea tly  during intoxication, 

even though the b a rb i tu ra te  d e c re a se d  the a r t e r i a l  blood p r e s s u r e .  

D e c rea sed  venous blood pH, in c re a s e d  r e c ta l  te m p e ra tu re ,  h e m o - 

concen tra tion , and leukocyte concen tra tion  a lso  o c cu r red .  Succinyl- 

choline com pletely  p reven ted  convulsions in e n d r in - t r e a te d  dogs, and 

in these  dogs, a r t e r i a l  p r e s s u r e  a lw ays in c re a s e d  in itia lly  but fell 

subsequently.

E ndrin  ad m in is te red  to dogs produced  c a rd io v ascu la r  a l t e r ­

ations such as hypertension  and s ev e re  b ra d y c a rd ia  (41). The b ra d y ­

ca rd ia  appea red  to re su l t  from  a po tentia tion  of acetylcholine and in ­

c re a s e d  vagal activ ity . This potentia tion  of acetylcholine re su lt ing  in
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b ra d y ca rd ia  could be re la te d  to an accum ulation  due to a fall in  pH 

since cho lin e s te ra se  activity  d e c rea se s  with decreasing  pH. These 

re su l ts  have been noted in dogs t re a te d  w ith d ie ld r in  and a ld r in  (58)

(59) .

In c reased  g lo m eru la r  f i l t ra t io n  ra te  and ren a l  blood flow with 

hypertension  and b rad y ca rd ia  w as observed  by Reins et a l . (123) for 

1 to 2 hours  a f te r  acute exposure  of dogs to endrin  (123). M o r i­

bund an im als  rev ea led  s ignificant changes in re n a l  function which w ere  

secondary  to a lte ra t io n s  in system ic  hem odynam ics (123). In c reased  

ren a l  re s is ta n c e  suggests  that end rin  s tim ula tes  the sym patho -ad rena l 

system  and that the rena l vascu la r  r e s is ta n c e  was due to c ircu la t ing  

catecholam ines  and to auto regulation w ithin the kidney (123). A drenal 

gland d isch a rg es  do not influence sys tem ic  hypertension  or b ra d y ­

card ia ,  but s tim ula tion  of c en tra l  nervous system  or c a ro tid  and 

card iac  re flexes  a re  overrid ing  h um ora l e f fe c ts , or b rad y ca rd ia  can 

be produced by re le a se  of acetylcholine a n d /o r  inhibition of a ce ty l­

choline e s te r a s e  (123).

C atecholam ines  at high levels  a re  a fac to r in the le tha l c a rd io ­

v ascu la r  effects of DDT (120) (148). E ndr in  caused an in c re a se  in the 

venous re tu rn  and a co rrespond ing  e levation of d isc  output, with no 

change in p e r ip h e ra l  re s is ta n c e  (124). Abdominal v isce ra l  v a s c u la ­

tu re  was identified as the o r ig in  of the in c re a se d  card iac  inflow
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following endrin  in toxication (124). H em atocrit  value in c re a se d  even 

in e v isc e ra ted  dogs when the splenic s to re s  of red  blood ce lls  w ere  

rem oved  (124). H ypertension  developed m uch  le s s  and slow er in 

ad rena lec tom ized  dogs than in in tac t  an im als  (124). E ndrin  produced 

a d e c rea se d  oxygen uptake and reduced  m etabolic  activ ity  (124).

Noticeable r i s e  in c a rd iac  inflow coincided with a steady 

drop in re s is ta n c e  (70). Left a t r ia l  p r e s s u r e  in c re a se d  strik ingly  

within 15 m inutes a f te r  t re a tm e n t  with endrin , but the r igh t a t r ia l  

p r e s s u re  held  steady (70). In some exp er im en ts ,  the left h e a r t  failed. 

Injection of endrin  produced  s tr ik ing  in c re a s e s  in oxygen uptake and 

carbon dioxide production. A cidosis  developed w ithin an hour in 

dogs dosed with endrin  and the pH was constantly  below 7 .0 .  E ndrin  

appeared  to have two actions when i t  w as ad m in is te red  in LD-yg doses; 

one on the cen tra l  nervous system  and one on the left  ven tr ic le  (70). 

Gowdey et al. (58) rep o r te d  that the ch lorina ted  hyd ro ca rb in  in s e c t i ­

cides exer ted  th e ir  effects through s tim ula tion  of the c en tra l  m e c h a n ­

is m s ,  not p e rip h e ra l ly .  A p rom inen t fea tu re  was the s tr ik ing  r is e  

in venous r e tu rn  a f te r  end rin  trea tm e n t  (70). Convulsions apparen tly  

o rig inate  from a d i re c t  action of endrin  on the cen tra l  nervous 

system  (70) (F igure  5).
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Figure 5. Physiological changes produced by endrin.
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M etabolism

In 1959 , P e r r y  (114) m ade the following s tatem ent:

D espite  considerab le  w ork  on th is  subject, th e re  is 
no conclusive evidence at the p re se n t  tim e that any of 
the ch lo rohydrocarbon  in sec tic id es  e x e r t  le tha l action 
by inhibiting a v ita l enzyme o r  enzyme sys tem .

A ccording  to P e r r y  (115), Sacktor in  1949 showed tha t DDT pa r t ia l ly  

b locked a v ita l m etabolic  pathway and cytochrom e oxidase, Sacktor 

(130) (131) showed tha t D D T -res is tan t house flies had  50 per cent 

m o re  cy tochrom e oxidase than a suscep tib le  s t ra in  of house flies . 

C h lo rina ted  in sec tic id es  com pletely  inhibited cytochrom e oxidase in 

the m u sc le  of the cockroach  in sm all  doses  (106). B a r s a  and Ludwig 

(7) showed that the amount of inhibition by 10" M DDT was dependent 

on the concen tra tion  of both cy tochrom e oxidase and succin ic  d e ­

h ydrogenase . Brown and Brown (18) observed  that n e i th e r  DDT nor 

m ethoxychlor induced a significant d e c re a se  in cockroach  m uscle  

cy tochrom e oxidase activity  in v ivo; th e re fo re ,  the au thors  concluded 

tha t  the in  v itro  effects observed  e a r l i e r  by s e v e ra l  in ves t iga to rs  

w e re  la rg e ly  due to the adsorp tion  of hydrophobic colloid p a r t ic le s  

of DDT on the hydrophilic  enzym e su rfa ce .  P e r r y  in 1959 (114) 

found that DDT did not involve the carbonic  anhydrase  sy s tem  in the 

A m e rican  cockroach  or house fly as a m echan ism  of detoxification. 

Sacklin et a l. (129) observed  that 5 x lO '^M  DDT com pletely  inhibited
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the oxidation of the c i tr ic  acid  cycle in te rm ed ia tes  and oxidative 

phosphorylation of subcell p a r t ic le s  from  the house fly.

A ccording to P e r r y  (114), Tom izaw a and Koike observed  that 

lindane did not effect c h o l in e s te ra se  or alkaline phosphatase , but it 

had a slight inhibitory  effect on fum aric  dehydrogenase and m odera te  

in vivo inhib itory  effect on c i t r ic  dehydrogenase of the r ic e  s tem  b o re r .

S ternburg  et a l . (151) iso la ted  the enzyme D D T-dehydro- 

ch lo rinase  which cata lyzes  the dehydro chlorination of DDT in v i t r o .

He a lso  (150) observed  that only D D T -res is tan t  s tra in s  of house flies 

contained th is  enzyme.

P e r r y  (116) iso la ted  from  both r e s i s ta n t  and susceptib le  body 

lice  an enzyme identified as D D T -ase  that detoxifies DDT in v itro  at 

the same ra te ,  but only the r e s i s ta n t  s t ra in  w as capable of detoxifying 

DDT in vivo. Lindquist and Dahm (93) detected sm all am ounts of DDE 

but la rg e  quan tities  of DDT and th ree  unidentified m etabo lite s  in the 

e x c re ta  of D D T -trea ted  M ade ira  roaches .

Giannotti et a l . (53) showed that a ld r in  was pa r t ia l ly  c o n ­

ve rted  to d ie ld rin  in the cockroach. P e r r y  (116) observed  tha t 83 per 

cent of the applied a ld rin  was m etabo lized  to d ie ld rin  within 24 hours  

following topical application, and the conversion  was complete at the 

end of 96 hours  with 5 to 8 p e r  cent of tota l rad ioactiv ity  found in 

the ex c re ta .  After application of Cl^^ or d ie ld r in , 8 to
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12 p e r  cent of the total rad ioactiv ity  w as  detec ted  in  the ex cre ta .  

T h e re fo re ,  it appeared  to P e r r y  (116) tha t d ie ld r in  was not m e ta b o ­

lized  by r e s is ta n t  in sec ts  and w as re ta in ed  unchanged in n on -sens it ive  

t i s su e s ,  probably  the body fat.

C hlorinated  in sec tic ides  w ere  studied by Weikel et a l . (173) 

to de term ine  th e ir  effect on the ion m ovem ent a c r o s s  the rabb it  

e ry th rocy te  m em b ran e . They o b se rv ed  that lindane, DDT, d ie ld rin , 

m ethoxychlor and a ld r in  inhibited the phosphate exchange r a te ,  but 

DDT produced a selec tive  in c re a se  in the p e rm eab il i ty  of the e r y th r o ­

cytes to sodium. Weikel et al, (173) showed that a ld r in  p roduced  a 

loss  of phosphate and po tass ium  from  the e ry th ro c y te s .

The toxic m an ifesta tions  of the cyclodiene in sec tic id es  a re  

con tro lled  by th e ir  low solubility in  w a te r  and th e ir  high solubility 

in fat. D ie ld rin  toxicity  is un iform  fo r  a p a r t ic u la r  solvent and con­

cen tra tion , but the quantity finally ab so rb ed  depends upon the contents 

of the an im a l 's  g as tro in te s t in a l  t r a c t  and its  ra te  of p e r i s ta l s i s  (68). 

The sho rt  p e r iod  of tim e from  t re a tm e n t  to onset of sym ptom s would 

suggest tha t d ie ld rin  and o ther cyclodiene in sec tic ides  a re  abso rbed  

from  the upper portion  of the g a s tro in te s t in a l  t r a c t  (68). M oss and 

Hathway (107) showed that d ie ld r in  was t ra n sp o r te d  in the blood 

following absorption  on l ip o -p ro te in s  and ce r ta in  o ther p ro te in s ,  and 

the ra te  of ex cre tion  was influenced by the nu tri tional state  of the r a t .
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If the r a t  w as s ta rv ed  the ex cre tion  r a te  in c re a se d .  When the bile
o  /

duct w as cannulated, fat abso rp tion  w as  stopped com ple tely , Cl in ­

c re a s e d  in the bile , and the quantity of unchanged d ie ld r in  e x c re ted  in 

the feces  was g re a te r  than in the n o rm a l r a t  (68). In weight lo s s ,  

p roduction  of p o la r  m e tab o li te s ,  and ex cre t io n  by the bile duct, th e re  

m u s t  be an excess  capacity  to m etabolize  d ie ld r in  or the m etaboliz ing  

enzym e m u s t  be read ily  s t im u la ted  (68). The p rinc ip le  m etabo lite  

which w as m o re  p o la r  than d ie ld r in  was e x c re te d  in  the feces  (68) and 

contained 60 p e r  cent of to ta l chlorine excre ted . Studies on d ie ld r in  

m e tab o lism  in r a t s  have d em o n stra ted  tha t  th e re  a re  m any  unidentified 

m etab o li te s  (68).

Hathway e t al. (66) observed  that in c re a s e s  of la c t ic  acid 

and pyruvic  acid  in r a t  b ra in  during acute a ld r in  poisoning w ere  

a sso c ia te d  with hyperac tiv i ty  of the b ra in ,  and that an in c re a se  of 

alanine co n cen tra tion  in the c e reb ru m  occu rs  before  the convulsions. 

During the d ie ld r in - induced  s e iz u re ,  the concen tra tion  of am m onia  

w as out of phase w ith  the actual convulsions. T e lo d r in  p roduces  

in te rm ed ia te  m etab o li te s  in the b ra in  (66). Alanine and glutamine 

concen tra tion  in c re a s e s  as  w ell as l ib e ra t io n  of am m onia before  the 

onset and during the course  of the convulsions (66).

H osein  and P ro u lx  (75) p re incubated  b ra in  t is su e  with d ie ld rin  

and o b se rv ed  a d e c re a se d  oxygen consum ption by the t i s su e ,  and this
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inhibition, was found to be due to action of d ie ld rin  on various d e ­

hydrogenases  and cy toch rom es . O ther s tudies by these sam e authors 

showed that d ie ld r in  would inhibit anaerob ic  glycolysis as well as the 

hyd ro lys is  of acetylcholine by b ra in  ace ty lch o lin es te ra se  and i t  would 

a lso  in c re a s e  the activ ity  of the nonspecific  se ru m  e s te r a s e s .

The m a te r ia l  in the a c id -p rec ip ita te  from  d ie ld r in - t re a te d  

ra t  b ra in  t is sue  w as identified as a m ix tu re  of free  betains: gam m a- 

butyrobeta ine , c ro tonbe ta ine , and carn it in e .  O ther substances  from  

the b ra in  e x tra c t  w ere  identified as cho line , acetylcholine, and p ro p -  

ionylcholine. Since it had been re p o r te d  that alkaline re inecka te  p r e ­

c ip ita tion  selec tively  rem oved  conjugated betains from  solution, the 

m a te r ia l s  found in this f rac tion  w ere  identified as b e ta -a la n in e , and 

two other substances , r ibose  and phosphoric  ac id ,  as the phosphate 

p a r t  of coenzyme A (75).

Ludwig e t a l . (94) in 1964, fed a ld r in  to m ale  r a t s  daily 

for th ree  m onths. At the end of the eighth week the ra ts  e x cre ted  

daily the amount that had been a d m in is te red  each day, and a t the end 

of the exper im en t,  approxim ate ly  90 p e r  cent of the active m a te r ia l  

had been ex cre ted .  Twelve weeks a f te r  the end of feeding, ap p ro x i­

m ate ly  99. 5 p e r  cent of the active m a te r ia l  had been excre ted . The 

active m a te r ia l  in the feces and urine  consis ted  of a ld r in , d ie ld r in , 

and considerab le  amounts (up to 75 p e r  cent in the feces and up to 95
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p e r  cent in the urine) of a m ix tu re  of hydrophilic  m etabolic  p roducts .  

T here  w ere at le a s t  two d ifferen t products  in the feces and in the 

u r in e ,  with the princ ip le  m etabolite  of each being different; how­

ev e r ,  the secondary  m etabo lite s  had the sam e R ^-v a lu es .

In 1964 , Poonaw alla  and K orte  (122) studied the d is tribu tion  

of C  ̂ chlordane by in travenously  injecting m ale  ra ts  with 27 pg of 

active m a te r ia l .  Hydrophilic m etabo lism  products  in the feces 

accounted for 75 p e r  cent of the rad ioactiv ity , and la rg e  amounts of 

hydrophilic  m etabolites  w ere  detected in the en tire  a lim en tary  t r a c t  

and in the kidneys, with unchanged chlordane detec ted  only in the 

subcutaneous fat.

Rabbits w ere  dosed ora lly  twice weekly with d ie ld r in  

fo r a pe riod  of 22 weeks by K orte  and A ren t (85). At the end of 

the feeding period  the an im als  had e x c re ted  42, 2 p e r  cent of the ad ­

m in is te re d  radioactiv ity  (29.7 per cent in the u rine  and 12.5 p e r  cent 

in feces). After 52 w eeks, the ex cre tion  in the urine had in c re a se d  

to 43. 1 pe r cent, while the rad ioactiv ity  in the feces had d e c re a se d  

rapidly a fte r  te rm in a tio n  of d ie ld rin  ad m in is tra tion . Six m etabolites  

w ere  iso la ted  from the u rine  with the p rinc ip le  m etabo lite ,  which was 

p re sen t  in am ounts of about 86 p e r  cent, and had a m elting point of 

130 to 131°C. F ro m  the s t ru c tu re ,  K orte  and A ren t (85) concluded 

that the epoxy ring system  of d ie ld r in  had hydro lized  in vivo, leading
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to a 6. 7 - t ran s -d ih y d ro x y -d ih y d ro -a ld r in .  The s t ru c tu ra l  fo rm u la  of 

this m etabolite  was one of the two enantiom orphic  is o m e rs  of the 

synthetic ra cem ic  1. 2. 3. 4. 10. lO -hexach lo ro -6 , 7- t r a n s - d ih y d r o - 1. 4- 

endo- 5 . 8 - exo -d im ethano-1. 4. 4a. 5 .6 .7 .  8. 8a -oc tahydro-naph thalene . 

Acute o ra l  toxicity  of the 6. 7 - t r a n s -d ih y d ro x y -d ih y d ro -a ld r in  in m ice  

(LD^q- 1250 m g/kg) was le s s  than  d ie ld r in . The m etabo lite  was i n ­

jec ted  into ra ts  arid within 3 days 82,.2, p e r  cent of the r a d io ­

activ ity  w as  found in the e x c re ta ,  84 p e r  cent as unchanged t r a n s ­

d ih y d roxy -d ihyd ro -a ld rin  and 16 p e r  cent of a m o re  hydrophilic  c o m ­

pound that was identical to one m etabolite  found in d ie ld r in  m etabo lism  

stud ies  (85).

T rac e  M etals

Many e lem ents  occu r in living t is su e  in sm all  quantities  and 

a re  frequently  r e f e r r e d  to as t ra c e  e lem en ts ,  m in o r  e lem en ts ,  o ligo- 

e lem en ts ,  o r  m ic ro -n u t r ie n t  e lem en ts .  All of these  t e rm s  w ill be r e ­

f e r r e d  to as t r a c e  m e ta ls  for the pu rposes  of th is  investigation . F r e ­

quently, i ro n  i s  not included in  th is  group due to i ts  high m am m alian  

re q u ire m e n t ,  p r im a r i ly  in the hem oglobin m olecu le . Some in v e s t i ­

ga to rs  include i ro n  because  it functions as a component of s e v e ra l  

oxidative enzym es in  a m an n er  s im i la r  to copper and o ther t ra c e  

m e ta ls  (163). Some m am m als  re q u ire  many tim es  m o re  copper than
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cobalt, and the concen tra tions  of zinc in an im al t i s su e s  a re  much 

g re a te r  than e ithe r  m anganese  or n ickel (163). In th is  study, iron , 

m agnes ium , zinc, and copper will be r e f e r r e d  to as t r a c e  m e ta ls .

Severa l t ra c e  m e ta ls  a re  e s s e n t ia l  d ie ta ry  com ponents p a r a ­

m ount to the enzym atic  p ro c e s s e s  of the living o rg an ism ; additional 

ones exhibit c e r ta in  specific  m etabolic  ac tiv ities  (163). The study of 

the t r a c e  m e ta ls  began approx im ate ly  100 y ea rs  ago (163). According 

to Underwood (163), B e rn a rd  and MacMunn opened the way to the 

d iscove ry  of the m e ta llo en zy m es  and to m e ta l-en zy m e  c a ta ly s is .

Kehoe et al. (83) and Wright and P ap ish  (179) m ade a s e r ie s  of de ta iled  

s tud ies  of the d is tr ibu tion  of t r a c e  m e ta ls  in b io logica l m a te r ia l s .

G reen  (60) said  that "enzym ic  ca ta ly s is  is the only ra t io n a l  

explanation of how a t ra c e  of some substance can  produce profound 

biological effects . " T rac e  m e ta ls  may p e r fo rm  various  enzym ic 

reac t io n s  that range from  weak ionic s treng th  effects  to the highly 

specific  a sso c ia tio n s  found in  m e ta lloenzym es. In the m e ta l lo en zy m es,  

the ion is so f irm ly  a ttached  and such an in te g ra l  p a r t  of the enzyme 

m o lecu le , it cannot be re v e rs ib ly  rem oved  w ithout p e rm an en t loss  

of enzym atic  activ ity .

Enzym es a re  not noticeably  affected by the p re sen c e  o r 

absence  of s a l t s ,  but the p re se n c e  of c e r ta in  ions a re  absolutely  

n e c e s sa ry  for the activ ity  of some enzym es, while o ther ions a re
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highly toxic to nearly  a ll  enzym es. One ion m ay  be toxic to c e r ta in  

enzymes and ac t  as  an ac tiva to r  for o thers ; the sam e ion m ay  inhibit 

an enzyme at one concen tra tion  and be an ac tivato r  of the sam e enzyme 

at another concentra tion  (33).

T here  a re  som e 15 different m e ta l  cations with atom ic n u m ­

b e rs  between 11 and 55 that have been found to activate  one or 

m o re  enzym es. F o u r  of the m o s t  im portan t cations a re  Zn’*”*', Cu’*”*', 

and Fe"*"  ̂ as based  on the total num ber of effected enzym es.

Ionic s ize  is one of the m ost im portan t fa c to rs  determ ining  which m e ta l  

activates  a p a r t ic u la r  enzym e. Radii of the m eta l  ac t iv a to rs  lie  within 

a na rrow  zone and in the middle range of observed  atom ic ra d i i  (33).

In gen era l ,  a c tiva to rs  a re  not in te rchangeab le . In some enzym es only 

one m e ta l  is an ac tiva to r  and in o ther c a se s  two or th ree  m e ta ls  a re  

capable of activating a single enzyme. Mg"̂ "̂  is  the na tu ra l  ac tiva to r  

of m o s t  of the enzym es which act on phosphoryla ted  s u b s t r a te s ,  notably 

the k in ases ,  the syn the tases , and the enzym es that hydrolyze p h o s ­

phoric acid  anhydrides, but not the phosphory lases . More is  known 

about m eta lloenzym es than the so -ca l led  m e ta l  ion -ac tiva ted  enzym es 

(163). A  fixed num ber of m e ta l  a tom s a re  f irm ly  a sso c ia ted  with the 

p ro te in  m olecule in m eta lloenzym es (163). A rapidly  increasing  

num ber of m eta lloenzym es have been iso la ted  from  living t is su e  in 

recent y e a rs  (163); some of the m o re  im portan t ones containing iron
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a re :  the cy tochrom es , ca ta la se ,  cy tochrom e c - re d u c ta s e ,  and 

fum aric  dehydrogenase. Those containing copper a re  a sco rb ic  acid 

oxidase, u r ic a s e ,  cytochrom e oxidase, and ^ -am ino levu lin ic  acid  

dehydra se and those containing zinc a re  carbonic  anhydrase , carboxy- 

pep tidase , alkaline phosphatase , and sev e ra l  pyrid ine nucleotide d e ­

hydrogenases  (163). Some of the m o s t  im portan t enzym es containing 

m agnesium  a re  k in a se s ,  syn the tases  (those which act on phosphory ­

la ted  su b s tra te s ) ,  and those tha t  hydrolyze phosphoric  acid  anhydrides.

Iron

Iron was used  by the ancient G reeks  in t re a tm e n t  of m u scu la r  

w eakness  and wounds of w a r .  Investigations of the cy tochrom es by 

K eilin  and o th e rs  in the 1920's c lea r ly  e s tab lish ed  a b ro a d e r  concept 

of the biological s ignificance of i ro n  (163). New em phasis  was p laced  

on the re la t io n  of iro n  to the b as ic  p ro c e s s e s  within the t is su e s  upon 

the d iscovery  of iron-con ta in ing  flavopro te in  enzym es. In 1937, 

McCance and Widdowson (100) found that th e re  w as no organ  which 

e x cre ted  iron , and tha t  the capacity  to regu la te  the amount of i ro n  

in the body m u s t  th e re fo re  re m a in  in  the absorp tive  m echan ism . 

Notwithstanding the enorm ous p ro g re s s  m ade in the la s t  two decades , 

many physiological m e ch an ism s  em brac ing  iron  re m a in  nebulous.

The iron  concen tra tion  in  the body v a r ie s  with the spec ies .
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sex, age, nu tr i t ion , and s tate  of health . In m an, the iron  content is 

between 0. 006 and 0. 007 p e r  cen t of the en tire  body weight, and in  the 

adult ra t ,  0. 005 p e r  cent (145). V aria tions  in  l iv e r  i ro n  s to re s  and in 

hem oglobin lev e ls  a re  noted among spec ies  a t b ir th ; fo r exam ple, the 

pig has re la t iv e ly  lit t le  i ro n  s to re s  in its  body a t b ir th ,  but in  c o n tra s t ,  

the body i ro n  content of the newborn rabb it is exceptionally  high.

When both m a le  and fem ale ra ts  w ere  fed on the sam e diet, the fem ales  

accum ulated  m o re  iron  in th e i r  l iv e r s  (113). Usually  the l iv e r  and 

spleen rank  h ighest in iro n  content, followed by the kidney, h e a r t ,  

ske le ta l  m u s c le s ,  p a n c re a s ,  and b ra in ,  which no rm ally  contain only 

a ha lf  to a ten th  of the concen tra tions  in  the l iv e r  and sp leen  (163). 

G ross  et a l. (62) re p o r te d  v as t  in c re a s e s  in the iron  content of the 

l iv e r ,  up to a to ta l  of 10 g in hum an m alignancy and chronic  infections. 

As m uch as 50 g may accum ulate  in the hum an body in  the final s tages 

of h em o ch ro m ato s is  (34); converse ly , in conditions such a s  iron  d e ­

ficiency and h em o rrh ag ic  anem ia , the iro n  content of the l iv e r ,  sp leen, 

and bone m arro w  is reduced  below n o rm a l (163).

Iron  h as  been known for m any y e a r s  to occur in the p la sm a  

in th ree  fo rm s; p ro te in  bound, "ac id  soluble iron , " and p la sm a  

hem oglobin iron . Im proved m ethods of ana lys is  have shown that in 

d isea se ,  iro n  may occur in the p la sm a  in at le a s t  seven  d ifferent 

com plex fo rm s  (89). N orm ally , the m a jo r  p a r t  of i ro n  ex is ts  in the
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p la sm a  bound to the specific  iron-b ind ing  pro te in , t r a n s fe r r in .  A 

diminutive arpount of i ron  is  always p re sen t  in the hemoglobin f irm ly  

bound to haptoglobin, the n o rm a l  hem oglobin-binding p la sm a  p ro te in .

In severe  hepa toce llu la r  dam age, the p la sm a  som etim es  contains 

f e r r i t in ,  a n o rm a l in tra c e l lu la r  i ro n -a p o fe r r i t in  com plex (89). Iron 

m e tab o lism  had been known many y e a r s  before  it w as v e rif ied  tha t 

" se ru m  iron"  c i rc u la te s  w ith the p la sm a  firm ly  chela ted  to the s p e ­

cific m eta l-com bin ing  - globulin, usually  nam ed t r a n s f e r r in  (Tr) or 

s ideroph ilin . L a u re l l  and Ingelm an (90) re so lv ed  tha t every  T r  m o le ­

cule can f irm ly  bind two a tom s of f e r r i c  i ro n  o r  loosely  bind cupric  

copper o r  zinc. In the C uT r com plex, i ro n  can read ily  rep lace  

copper (72). In the complex, the iro n  is t r iv a le n t  and e ssen tia l ly  

bound w ith  ionic bonds (38). The n o rm a l total iron-b inding  capacity  

ranges between 250 to 400 |ag of i ro n  p e r  100 m l of se ru m  and n o r m ­

ally is  a m e a s u re  of concen tra tion  of T r-bound  iro n  in the p la sm a  (10). 

The F e T r  com plex m ay be reg a rd ed  as a sm all,  read ily  availab le , 

atoxic, c ircu la t ing  i ro n  depot. G itlin  e t a l . (55) and J a g e r  and 

Gubler (78) e s tab lish ed  tha t the i ro n  in the F e T r  com plex has  a much 

s h o r te r  b iological ha lf- l i fe  in the c ircu la t io n  than T r  i tse lf ,  which 

proves  tha t  the reac t io n  betw een the i ro n  and T r  is no rm ally  r e ­

v e rs ib le  in p la sm a ,  and tha t  the T r  s e rv e s  as a tru e  c a r r i e r  of i ron  

with the p ro te in  m olecule  taking up and giving off iro n  accord ing  to
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environm enta l re q u ire m e n ts .

N orm ally , p la sm a  contains 0. 20 to 0. 32 g of i ro n  p e r  100 

m l, but during pregnancy, in chron ic  iro n  deficiency, and occasionally  

in the in it ia l  phase of acute h ep a ti t is ,  h igher values develop. In acute 

and chronic active d isea ses  the concen tra tion  of p la sm a  T r  d e c re a se s  

(23), and the h igher the activ ity  of the d isea se ,  the low er the T r  co n ­

cen tra tio n  will be. Usually the ce lls  in the bone m a rro w  utilize  70 to 

80 p e r  cent of the daily i ro n  tu rn o v e r ,  but in active d is e a s e s  m o re  

p la sm a  i ro n  than  n o rm a l is re ta in ed  by the re ticu lo -en d o th e lia l  c e l ls ,  

and le s s  is u tilized  by the bone m a rro w  (89). In the p re sen c e  of in ­

flam m ation , th e re  appears  to be a defect since m o re  i ro n  is re le a s e d  

from  the t i s s u e s  to  the p la sm a  t r a n s f e r r in  pool (52). Both the p la sm a  

i ro n  and T r  values fall rapidly in acute d isea ses  (23). Iron  ion a c t iv ­

ity in  p la sm a  can be d e te rm in ed  by the ra tio  between the iron-bound  

and free  t r a n s fe r r in .

N orm ally , hemoglobin in sm all  am ounts (1 to 3 m g/100  ml) 

can be detec ted  in p la sm a  from  w hich the e ry th ro cy tes  have been  r e ­

m oved (89). Most of the tim e the c ircu la ting  p la sm a  hemoglobin is 

bound to haptoglobin, the hemoglobin-binding p lasm a p ro te in . H apto­

globins link hemoglobin m o re  s trongly  than any o ther p la sm a  p ro te in s .  

In the p la sm a , haptoglobin has  a g rea t  affinity fo r hem oglobin and no 

m easu ra b le  quantity of f ree  hemoglobin o ccu rs  in the p la sm a  until all
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haptoglobin has  been sa tu ra ted .  H aptoglobinem ia is  usually  found in 

individuals with  a profound shortened  life span of the e ry th ro c y te s ,  

and in pa tien ts  with pern ic ious  anem ia  (111). Since haptoglobin fo rm s  

re la tive ly  high m o lecu la r  weight com plexes , the hem oglobin  is not 

e x cre ted  in  the u r in e .  In oxyhemoglobin, the bond between hem e and 

globin is  covalent, but in reduced  hemoglobin and in m ethem oglobin , 

the bond is ionic (163).

Hemoglobin, the p igm ent of the re d  blood ce lls  is a complex 

of basic  p ro te in ,  globin, and four fe rro p ro to p o rp h y r in  or hem e 

m o ie tie s .  When under the influence of oxidants , the i ro n  atom  is 

oxidized to the f e r r i c  state and lo se s  i ts  capacity  to t r a n s p o r t  oxygen. 

F e r r i t i n  has  a c en tra l  nucleus of iro n , s to red  in s ix  m ic e l le s  a r ra n g ed  

at the c o rn e rs  of a re g u la r  oc tahedron , su rrounded  by a shell  of p r o ­

te in , sp h e r ica l  in shape (108), and contains up to 20 p e r  cent iro n .

H em o sid e rn , an am orphous compound containing up to 35 

pe r  cent i ro n ,  condenses into an e ssen tia l ly  p ro te in - f re e  aggregate  

c o m p rised  of f e r r i c  hydroxide (141), and is  a valuable a id  in  d iag ­

nosing iro n  deficiency anem ia . The s to red  i ro n  in the fo rm  of f e r r i ­

tin  and h e m o s id e r in  is  read ily  availab le  from  the l iv e r  and spleen for 

e ry th ro p o ie s is  and for p lacen ta l i ro n  t r a n s f e r  to the fe tus (140). 

N orm al hum an adults ex cre te  between 0.1 and 0. 3 m g /d a y  in  the 

urine  (6), but th is  amount m ay be in c re a s e d  up to 10 m g /d a y  under
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c e r ta in  con tro lled  conditions. Iron is a lso  e x c re ted  in  sweat and o ther 

m eans  in sm all quantities. It has  been  e s t im a ted  that f rom  all so u rc e s ,  

adult hum ans lose  between 0. 5 and 1. 0 m g /d a y  of i ro n  (35).

In an im als  with single s tom achs, iron  is abso rbed  m ain ly  in 

the duodenum (19) and only in the fe r ro u s  state  (105), but in the r a t  and 

dog f e r r i c  as well as fe r ro u s  salts  a re  u tilized  (162). It is  well known 

that substances  such as a sco rb ic  acid  and cyste ine  in food a s s i s t  in 

the reduc tion  of i ro n  from  the fe r r ic  to fe r ro u s  i ro n  in  v ir to  (121).

High lev e ls  of phosphates  and phytates reduce  the abso rp tion  o f  iron  

by fo rm ation  of insoluble salts  (170) (175). Bothwell et a l . (15) su g ­

g es t  tha t fac to rs  contro lling  iro n  absorp tion  o th e r  than  d ie ta ry  a re  

the ra te  of e ry th ro p o ie s is  and the condition of the i ro n  s to re s .  Con­

ditions such as coeliac  d is e a se ,  s te a to r rh e a ,  and h em o ch ro m a to s is ,  

p roduce constitu tional defects that b reak  down n o rm a l absorp tion  of 

i ro n  (118). Joseph  (80) u sed  rad ioactive  iro n  in n o rm a l pa tien ts  with 

i ro n  deficiency anem ia  and observed  that the no rm al pa tien ts  abso rbed  

2 to 20 p e r  cent and the i ro n  deficiency pa tien ts  absorbed  20 to 60 p e r  

cent of an o ra l  dose. An in c re a se  in  i ro n  absorp tion  occu rs  in a -  

p la s t ic  anem ia , hemolytic anem ia, pe rn ic ious  an em ia , pyridoxine 

defic iency, h em o ch ro m ato s is  and tran sfu s io n a l  h e m o s id e ro s is  (118).

In the no rm al hum an m a le ,  a tota l of 800 to 900 g of h e m o ­

globin is  syn thesized  and d es tro y ed  every  120 to 125 days (163).
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Moore (104) a d m in is te red  rad ioactive  i ro n ,  and within 4 to 8 h o u rs ,  

hem oglobin w as identified  in the p e r ip h e ra l  blood. Within 7 to 14 

days, 70 to 100 per cent of the isotope was detected in the c ircu la t in g  

hemoglobin. The t r a n s fe r  of i ro n  from  the p lasm a  to the l iv e r  cells  

depends upon the eneryy-y ie ld ing  rac tions  in l iv e r  cells  for the con ­

tinued syn thesis  of adenosine trophosphate , which together with a s c o r ­

bic acid, reduces  the f e r r i c  i ro n  of t r a n s f e r r in  to the fe r ro u s  s ta te , 

thus re leas in g  it from  its  bond to p ro te in  and making it available  for 

inco rpo ra tion  into f e r r i t in  (163). A d ec rea se d  oxygen supply to the 

l iv e r  cell re le a se s  the iro n  from  the fe r r i t in  to the p la sm a, which 

re su l ts  in the breakdown of nucleo tides , including adenosine t r i ­

phosphate, and e leva tes  the ce llu la r  levels  of xanthine and hypoxan- 

thiqe.

In spite of the advancem ent in the field of m edicine and im ­

p rovem ent in  methods of a n a ly s is ,  i ro n  deficiency is a lm ost as p r e v a ­

len t today as it  w as 30 y e a r s  ago, and is  now the m o s t  frequently  

encountered  deficiency. In adult m a le s ,  lo ss  of blood is the m ain  

cause  of i ro n  deficiency, w h e rea s ,  in women and ch ild ren , it is  at 

le a s t  in p a r t  due to d ie ta ry  defic ienc ies .  Many c lin ical sym ptom s 

such as  l i s t le s s n e s s  and fatigue, palp ita tion  on exertion , s to m a ti t is ,  

and a so re  mouth a re  m an ifes ted  in iron  deficiency. C h ild ren  exhibit 

ano rex ia , d e p re ssed  growth, and d e c rea sed  re s is ta n c e  to infection in
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i ro n  deficiency (163). Iron deficiency a lso  re s u l ts  in an anem ia  of the 

hypochrom ic o r  m ic ro cy tic  type, along with a n o rm ob las tic  o r  h y p e r ­

p las t ic  bone m a rro w  that contains v e ry  little  o r  no h e m o sid e r in  (163). 

B eutler  (10) d em o n stra ted  p rom inen t reduction  in cytochrom e c in the 

l iv e r  and kidneys of iron -def ic iency  ra ts ;  no d ec rea se  in cata ly tic  

activity  of red  cells  (13); a m inute , but s tr ik ing , d e c rea se  in  cy to ­

chrom e oxidase in the k idneys, but not in the h e a r t  (11); and p a r t ia l  

exhaustion of succinic  dehydrogenase in  the kidneys and h e a r t ,  but 

not in the l iv e r  (14). B eu tle r  (12) exam ined iron-def ic ien t r a t s  and 

found tha t  the non-iron-con ta in ing  enzym e, acon itase , was reduced  

in the kidneys, but not in  the h e a r t ,  l iv e r ,  or bra in .

Iron deficiency o ccu rs  in  infants between 6 and 24 m onths 

of age and is  c h a ra c te r iz e d  by abno rm alit ie s  in e ry th rocy te  m o r ­

phology and in iron  m etabo lite s  (163). Blood in a newborn infant 

u sually  contains 20 to 22g Hb/100 m l, which re p re se n ts  about 200 

to 220 m g of i ro n  (97). Many facets  such as chronic lo ss  of blood, 

peptic u lc e r s ,  h em o rrh o id s ,  hookworm infestation, or m alignant 

changes in the in tes tina l o r  u rogen ita l t r a c t s  m ay be responsib le  

for deficiency s ta te s  (163).

M agnesium

M agnesium , like calc ium , is an ion of rem ark ab le  physio-
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log ica l significance since it is  ind ispensab le  to life of the m a m m alian  

o rg an ism . M eltze r  and A uer (101) recogn ized  tha t two drops of m a g ­

nesium  sulphate in jec ted  in t r a c e r e b r a l ly  into dogs r e s u l te d  in  complete 

an es th e s ia  and re lax a tio n  for s e v e ra l  h o u rs .  M eltze r  and A uer (102) 

in jec ted  la b o ra to ry  an im als  subcutaneously  with m agnes ium  sulfate  

and provoked genera l an es th e s ia .  The m o s t  s ign if ican t findings r e ­

p o r te d  by M eltze r  and c o -w o rk e rs  w ere :  (a) tha t a hypoderm ic  in ­

jec t ion  of m agnes ium  sulfate had  a profound effect on the nervous 

system ; (b) that a subcutaneous in jec tion  of m ag n es iu m  sulfate had  no 

purgative  action; (c) tha t m agnes ium  w as ex c re te d  to a g re a t  ex ten t 

th rough the kidneys; (d) tha t the action  of ca lc ium  in  the body w as an ­

tagon is tic  to tha t of m agnes ium ; and (e) tha t the e ffec ts  of m agnesium  

given p a ren te  ra l ly  could be r e v e r s e d  by in travenous  in jec tion  of 

ca lc ium  ch loride . The m a rg in  betw een an an es th e t ic  dose and one 

tha t in s ti tu tes  r e s p i r a to r y  p a ra ly s is  is ve ry  s light (102), According 

to N euwirth and W allace (110) the f i r s t  evidence of d e p re s s e d  c e n tra l  

nervous sys tem  activ ity  ap p ea rs  at a s e ru m  m ag n es iu m  concen tra tion  

of 5 to 6 m g/100  m l.  With a co n cen tra tion  of 14 m g /100  m l,  a tax ia  

ap p ea rs ;  w h e re a s ,  a concen tra tion  of 20 m g / 100 m l  re s u l t s  in  c o m ­

plete  unconsc iousness .

C om plicated  m odifica tions  in the m agnes ium  and ca lc ium  

content of the body and blood p ic tu re  w ere  noted in m agnesium  de-
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f ic ient exper im en ta l an im als  (112). F i r s t ,  the deficiency was c h a r a c t ­

e r iz e d  by vasodila tion  and h y p e rem ia .  The p la sm a  level in itia lly  

dropped sharp ly  and within 2 ■ weeks ro s e  to a peak a t which t im e  

hyperexc itab il i ty  developed. M alnu trition , cachexia  and ren a l  damage 

m a rk e d  the second stage. The e ry th ro cy te  m agnes ium  leve l dropped to 

ha lf  of the n o rm a l value w here  i t  re m a in ed  constant; m eanw hile , the 

calc ium  concen tra tions  in the h e a r t  and m u sc le  w e re  am plified  by 50 

to 100 p e r  cent^and the concen tra tion  in the kidney in c re a s e d  as m uch 

as  15-fold (2). W atchorn  and McCance (172) m ade a sub acute m a g ­

nesium  deficiency study in r a t s  and found the bones, blood and teeth  

p e rm anen tly  defic ien t in m agnes ium  while the l iv e r  showed an in ­

c re a s e  and the kidney w as found to be calc ified .

The ca lc if ica tion  of the kidney o ccu rr in g  in  m a g n e s iu m -d e ­

ficiency is  re la te d  d irec t ly  to bone m e tab o lism  (2). H is to log ical 

stud ies  ind icate  that m agnes ium  affects bone m etabo lism  and when 

th is  e lem en t is defic ient, bone is not fo rm ed , does not grow, o r  

ac tua lly  a tro p h ie s  (102). Leukocytosis  a lso  develops during the h y p e r-  

em ic  asp ec t of the syndrom e (81). M ononuclear leukocytes and n eu ­

troph ils  contribute  to the syndrom e, but eosinophils  in c re a se  1000 

p e r  cent above the average  level.

G reenberg  e t a l . (61) and M acIntyre  and Davidson (95) o b ­

se rv ed  that ex tenuated  m agnesium  ex p ro p ria t io n  b rings  fo rw ard
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degenera tion  of the kidneys as  m an ifes ted  by degenera tive  changes in 

the tubules and ca lc ifica tion  in the co rtico m ed u lla ry  zone and la te r  

the co rtex . A m a rk e d  d e c rea se  of m itochondria l enzyme activity was 

accom panied  by a low p lasm a m agnesium  level, and i t  appeared  that 

the ce lls  of the kidney depend on a constant s to re  of m agnesium  (Z).

Widdowson et a l . (176) studied the m agnesium  content of 

hum ans and found the concen tra tion  to range between 22. 7 and 35. 0 

m E q /k g  of w et t is su e  (3). It has  been  e s tim ated  that the ske le ta l  con­

ten t of m agnesium  is about 60 p e r  cent of the tota l body concen tra tion  

of m agnes ium  (2) and the m usc le  content of m agnesium  is 16 m E g / 

kg (142). According to Shohl (142), the t is su e  concen tra tions  of m a g ­

nesium  in m E q /k g  of wet weight of t is su e  a re  as follows: blood ce l ls ,  

4 .2 ;  se ru m , 2 .5 ;  b ra in , 11.0; kidney, 14.4; l iv e r ,  15.3; sp leen , 10.2; 

skeleton, 74. 6; and m u sc le ,  16.1. The m ean  value of the m agnesium  

concen tra tion  in hospita l patients  w as 1.59 m E q /1 ;  how ever, lower 

values w ere  obtained in patien ts  w ith congestive h e a r t  fa i lu re ,  c i r ­

rh o s is ,  o r  re n a l  fa ilure  a f te r  d ia lys is  (2) (40) (144). Aikawa (2) r e ­

ported  that m agnesium  was located  m ostly  within the ce lls  and that 

se ru m  m agnesium  re p re se n ts  only a sm all  po rtion  of the tota l body 

m agnesium . This se ru m  frac tio n  is the m o s t  a cc e ss ib le  for ana lys is  

and of the u tm ost c lin ical im portance  (2). A g re a te r  value of m a g ­

nesium  w as observed  in the red  ce lls  of patients with re ticu locy te  s i s ,
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with this in c re a se d  concen tra tion  taking place in the ce lls  of the bone 

m arro w  (54). P a tien ts  with h y p e rth y ro id ism , m alnu tr i t ion , o r  chronic  

l iv e r  d isease  have below average  concen tra tion  of e ry th rocy te  and 

se ru m  m agnesium  (171). In some d isease  such as  v i r a l  hepati tis  

and hypopara thyro id ism , th e re  is evidence tha t the m agnesium  values 

becom e a l te re d  in  the red  ce lls  but not in the p la sm a  (171). In d i ­

se a se s  like spinal m en ing itis ,  the spinal fluid m agnes ium  re a ch e s  a 

leve l m uch h igher than the n o rm a l se ru m  leve ls ;  w h e re a s ,  the con­

cen tra tion  in the spinal fluid is  no rm ally  only s lightly  above the 

p la sm a  value (25).

28S evera l in v es t ig a to rs  used  in travenous in jec tion  of Mg to

study the t is su e  uptake of th is  m eta l  in m any spec ies  including m an

(3) (4) (17) (49) (56) (91) (99) (143). The data  from  these  exper im en ts

indicate that Mg^® in the e x tra c e l lu la r  fluid very  rapid ly  reach es

equilibrium  with the e s tab lish ed  m agnesium . Some t is su e s  such

as h e a r t ,  l iv e r ,  kidney, a d re n a ls ,  lymph nodes, and appendix, take 

28up the Mg exceedingly fas t .  M ature  an im als  do not take up m a g ­

nesium  in the bone and m usc le  as fa s t  as the growing an im als  and 

fe tu ses .  Since equ ilib rium  in dogs and hum an beings extends ove r  

a long p e riod  of tim e (60 hours)  the m ethod u sed  to quantita te  po ­

ta ss iu m  cannot be u sed  to quantitate  m agnesium  in these  spec ies  (2).

Insulin ap p ea rs  to play the sam e type ro le  in the m etabo lism
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of m agnes ium  as i t  p lays in the  m e tab o lism  of glucose and p o ta ss iu m  

(2). M agnesium  needs insu lin  in its  t r a n s fe r  a c ro s s  the cell  m em b ran e . 

Without m agnes ium  the ce lls  cannot function p ro p e r ly  and the oxidation 

of g lucose and the oxidative phosphory la tion  along with the p roduction  

of adenosine tr iphospha te  would not take p lace  (2). F ro m  m any studies 

of d ifferen t fac to rs  concerned  with the uptake of m agnes ium , i t  appears  

tha t m agnes ium  m etabo lism  m ay be inc ited  by any condition which 

m odifies  c e l lu la r  en tire ty  o r  capacity , ce l lu la r  pu rpose , s to re d  p r o ­

ducts or the act of syn thes is  (2). The o ccu rren ce  of h y p e rm a g n e ­

sem ia  usually  is a sso c ia ted  with re n a l  insuffic iency (2). M agnesium  

ap p ea rs  to play  a ro le  in h ibe rna tion  accord ing  to studies made on 

hedgehogs by Suomalainen (156). This invest iga to r  found tha t the 

se ru m  m agnesium  concen tra tion  in the fa ll  averaged  3. 2 m g /100  m l 

and 5. 43 m g /100  m l in e a r ly  Jan u a ry .

Various studies on the ro le  of m agnesium  have been m ade 

since P e te r s  and Van Slyke (117) in troduced  th e ir  r e p o r t  on m agnes ium  

m etabo lism  with a com m ent that no c lin ical s ignificance had, up to that 

t im e ,  been  a ttached  to changes in m agnes ium  m e tab o lism . No se ru m  

a l te ra t io n s  in  the concen tra tion  of m agnes ium  have been re p o r te d  for 

the following d isea se s :  thy ro id  d i s e a s e , sch izophren ia , basophilic  

adenom a, A ddison 's  d is e a se ,  c a rd iac  d is e a s e ,  s te a to r rh e a ,  p r o g r e s ­

sive m u scu la r  dystrophy, fa m ila r  pe riod ic  p a ra ly s is ,  m yotonia .
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a tro p h ica ,  and n e u ro c ircu la to ry  asthen ia  (2). A r is e  above no rm al 

se ru m  m agnesium  values have been re p o r te d  in tu b e rcu lo s is ,  re n a l  

insuffic iency , toxem ia  of pregnancy (67), and diabetic ac idosis  (2),

Between 1904 and 1912, R ich ard  W ills ta t te r  (43), a G erm an  

organ ic  c h em is t ,  d em onstra ted  that chlorophyll consis ted  of the 

porphin  sy s tem  and a cen tra l  atom of m agnes ium  with a com plex l in k ­

age. He a lso  showed that m agnes ium  could be sp lit  off f rom  c h lo ro ­

phyll w ith  dilute acids  and fu r th e rm o re  tha t the reac tio n  w as re v e r s ib le .

Zinc

A ccord ing  to Vallee (164) the ro le  of z inc,as  an e s se n t ia l  

n u tr ien t  fo r  p lants  and animals^ has  been recogn ized  ev er  since Raul in 

in 1869 showed it to be n e c e s sa ry  for the growth of A sperg illu s  n ig e r . 

A ccording  to Vallee (164) the p re sen c e  of zinc w as f i r s t  d em o n s tra ted  

in hum an l iv e r  by Raoult and B re ton  in 1877. In 1934 evidence was 

in troduced  to show that zinc w as e s se n t ia l  to n o rm a l  growth and d e ­

velopm ent of an im als  (164). S tirn  e t  a l . (153) in 1935 noted that zinc 

w as e s s e n t ia l  to r a t s .  Keiliri and Mann (84) in 1940 iso la ted  and p u r i ­

fied the enzym e carbonic  an h y d rase ,  which contained 0. 33 p e r  cent 

zinc as p a r t  of i ts  m olecu le . This was the f i r s t  evidence o ffered  to 

explain a mode of action of zinc. This enzyme ca ta lyzes  the dehy­

d ra tion  of carbon ic  acid and p a r t ic ip a te s  in the e lim ina tion  of CO^
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in the lung and its  inco rpo ra tion  in the t is su e s  (165). A g rea t  v a r ie ty  

of p ro te ins  combines w ith m e ta l  cations in a specific  way, depending 

on the reac tiv i ty  and location of the p ro te in 's  combining s i te s .  C o m ­

plexes fo rm ed  m o s t  often a re  com pletely  re v e rs ib le  (89). Z n’*”*' c o m ­

plexes shift the points of m in im um  solubility  of the p la sm a  pro te ins  

toward the n eu tra l  reg ion . M eta l-p ro te in  com plexes a re  com plicated  

by the fac t tha t groups m o s t  likely  to bind with m e ta l  cations a re  those 

with dem onstrab le  affinity for p ro tons  (89).

Zinc, copper, and cadm ium  combine with the im idazole  groups 

of hum an and bovine se ru m  a lbum ins (64) (157). Gurd and Goodman 

(64) found that Zn'*"*’ and Cd'^’̂  com pete d irec tly  for these  binding s i te s .  

While the in te rac t io n  of Cd^^ and Zn^"^ with albumin ap p ea rs  to be 

s im ila r ,  the alkaline phosphatase  of p la sm a  is soluble in the p re sen ce  

of Cd^^ but insoluble in the p re sen c e  of Zn^^ (89). The z in c -p ro te in  

com plexes a re  in p a r t  insoluble a t an ionic s treng th  of 0. 15 and a pH 

7 (89).

Gurd and Goodman (64) s tudied  the in te rac t io n  of zinc with 

human album in and d e te rm in ed  the ro le  of the im idazole  group in  the 

binding of Zn^^ and found that each album in  m olecule  binds 16 Zn^^. 

P la sm a  concen tra tion  of the m e ta l  is  norm ally  90 to 100 pg/100 m l,  

which co rre sp o n d s  to about 1 Zn^^ p e r  every  50 p ro te in  m o lecu les  

in the p la sm a  (89).
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It has  been shown that zinc ex is ts  in the p la sm a  pro te ins  in  at 

le a s t  two types of linkage: one co rre sponds  to a f i rm  bond (30 to 40 p e r  

cent), and the o ther to a loose bond (60 to 70 p e r  cent) in the physio ­

logical pH range  (89). Zinc in the f irm ly-bound  form  m ay re p re s e n t  a 

chem ically  and physiologically  hamogenous or he terogeneous frac tion  

(89). E nzym es, such as carbonic  anhydrase  and carboxypeptidase 

along with alcoholic, g lu tam ic , and lac t ic  dehydrogenases , contain 

f irm ly-bound  zinc (165), but the concen tra tions  of these  enzym es in 

the p la sm a  a re  not high enough to account for the bulk of the f i rm ly -  

bound p lasm a zinc (89). The ra tio  between the lo o se ly -  and f i rm ly -  

bound zinc in  the dog and hum an p la sm a  is about the sam e (89). The 

rap id  uptake of Zn^^ by the T-globulins suggest that zinc in these  c o m ­

plexes is  e ither  exchangeable in the p la sm a  in  v ivo , o r  tha t  z in c -p ro ­

te in  com plexes have a ve ry  high tu rn o v er  in  vivo (89). P la sm a  zinc 

r e p re s e n ts  l e s s  than 1 p e r  cent of the to ta l body zinc (89).

A nalysis  of v e r te b ra te  o rg an s ,  including m an, showed the 

p re sen ce  of zinc in quantities  vary ing  from  10 to 200 pg /g  (166).

M ost o rgans , including the p a n c rea s ,  contain between 20 and 30 j i g  

of z in c /g of w et t is su e  (164), while bone, l iv e r ,  and volun tary  m usc le  

contain approx im ate ly  double this amount (164). Newborn r a t  l iv e rs  

contain two to th ree  t im es  the quantity of zinc as tha t  of an adult r a t ,  

and within 2 w e ek s , ,  the concen tra tion  d e c re a se s  to approx im ate ly
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100 ppm, which is  the content of adult l iv e rs  (9). Zinc content of an 

adult fa t - f r e e  body weighing 70 kg, v a r ie s  from  1. 36 to 2, 32 g. The 

i ro n  content v a r ie s  from  4. 2 to 6 .1  g, and the copper content, 81 to 

230 m g (163).

M ontgom ery e t a l, (103) and Sheline et a l . (136) (137) studied  

the d is tr ib u tio n  of Zn^^ in the m ouse and dog and in both spec ies  the 

l iv e r  w as found to contain  the la rg e s t  f rac t io n  of the in jec ted  dose. The 

g re a te s t  rad ioactiv ity  w as  found in the e ry th ro c y te s ,  b ra in , skele ta l 

m u sc le ,  and skin, w ith  d e c re a se  in activ ity  being m o re  rap id  in the 

m ouse  than in  the dog. F e a s te r  et a l. (44) o b serv ed  tha t Zn^^ was 

ab so rb ed  a t a ve ry  low ra te  f rom  the g a s tro in te s t in a l  t r a c t  of the ra t ;  

how ever, once abso rb ed , the isotope m oved f ree ly  from  the dam a c r o s s  

the p lacen ta  to the fe tus , and m o re  than half  the dose re ta in ed  was 

t r a n s f e r r e d  to the young through the m ilk  within n in e ty -s ix  h o u rs .

R elative ly  high concen tra tions  of zinc have been  detec ted  in 

the m a le  gen ita l o rgans  (164). On a dry  w eight b a s is ,  th e re  is  874 +

63 f i g  z inc /g  in the d o rs o la te r a l  r a t  p ro s ta te ;  the rabb it  p ro s ta te  c o n ­

ta in s  1296 + 31 f ig  z in c /g ,  and the  n o rm a l hum an p ro s ta te ,  859 + 96 p.g 

z inc/g  (98). C arbonic  anhydrase  activ ity  in c re a s e s  s im ultaneously  

w ith the zinc content, and the concen tra tion  of the enzyme accounts 

for only 3. 5 p e r  cent of the to ta l  zinc of the d o rs o la te r a l  r a t  p ro s ta te  

(164). R ats  fed a d ie t containing le s s  than 0. 5 f i g  z in c /g  re s u l te d  in
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degenera tion  of the te s te s ,  h y p e rp la s ia  of the coagulating glands, the 

sem inal v e s ic le s  and p ro s ta te ,  and re la t iv e  o r  com plete  d ecrease  in 

the num ber of sp e rm  in the epididym es; how ever, all these  changes 

except te s t ic u la r  atrophy w ere  r e v e r s e d  when zinc was added to the 

diet (164).

The function of zinc in the c ry s ta l l iza t io n  of insulin  at pH levels  

near  6 has  been known for many y ea rs  (65). The final product contains 

0. 52 p e r  cent zinc, 0. 77 p e r  cent cadm ium , and 0, 44 p e r  cent cobalt. 

E ry th ro cy te  zinc concen tra tion  and carbonic  anhydrase  activity vary  

d irec tly  w ith the h e m ato c r i t  level and hemoglobin concen tra tion  in 

n o rm a l  people, as  well as those afflic ted  with anem ias , polycythem ia 

v e ra ,  secondary  polycythem ia, leukem ia , and congestive h e a r t  fa ilu re  

(164). L ow ered  se ru m  zinc leve ls  have been  found in patients suffering 

from  acute infections, d iabetes , c i r rh o s i s ,  m y o card ia l  in farc tion , and 

pern ic ious  anem ia . P a tien ts  suffering from  hyperthy ro id ism , h y p e r ­

tension , polycythem ia v e ra ,  and eosinophilia , along with those r e ­

ceiving ad renaline  and thyroxine, as w ell as those rece iv ing  x - r a y  

i r r ad ia t io n ,  have serum  zinc levels  h igher than n o rm a l.  Vallee et a l . 

(168) observed  in c re a se d  e ry th rocy te  zinc concen tra tion  in sickle cell 

anem ia  and pern ic ious  anem ia  pa t ien ts .  H owever, in  patients with 

u n trea ted  pe rn ic ious  anem ia, the e ry th rocy te  zinc concen tra tion  and 

carbonic  anhydrase  activ ity  w ere  observed  to be n ear ly  n o rm a l,  even
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though the h em ato c r i t  value, e ry th rocy te  count, and hemoglobin levels  

w e re  noticeably d e c rea sed  (164). Leukocyte zinc concen tra tion  in 

pa tien ts  with various  acute and chronic lym phatic  and m yelogenous 

leukem ia  w as found to be g rea tly  d ec rea sed , but could be re tu rn e d  to 

n o rm a l  levels  by p ro p e r  therapy . A dm in is tra tion  b , in jection  w as not 

success fu l in inducing a r e tu rn  of the zinc concen tra tion  to n o rm a l 

leve ls  (178).

Intake of daily zinc concen tra tion  by hum ans has  been  rep o r te d  

to range  from  10 to 15 m g /d a y , with 5 to 10 m g /d ay  e x c re te d  in  the 

stool, and 0. 4 to 0. 5 m g / day in the u rine ; how ever, pa tien ts  with 

z incu r ia  e x cre ted  2. 1 mg of zinc in th e ir  u rine  daily.

Many a r t ic le s  on the n ecess i ty  of zinc in the hum an diet for 

n o rm a l  growth and developm ent and fo r m edication  have been published. 

In z inc-defic ien t r a t s ,  the pan crea tic  am ylase  and pro to ly tic  activ ity  

w e re  low ered  significantly , and w e re  not r e s to re d  by addition of zinc 

in v i tro  o r in  v ivo . W achtel e t a l . (169) in  1941 found that the u r ic  

ac id  content of z inc-defic ien t r a ts  w as double i ts  n o rm a l value. Day 

and Skidm ore (29) in 1947 found that zinc deficiency in  the r a t  caused 

a d e c re a se  in  l iv e r  c a ta la se  activ ity  which could not be r e s to re d  by 

addition of zinc to the diet. L iv e r  e s te r a s e  activ ity  and riboflavin  

content of the l iv e r ,  kidneys, h ea r t ,  and lungs a re  not a l te red .  H yper-
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k era tin iza tio n ,  thickening of the e p id e rm is ,  in t r a -  and in te rc e l lu la r  

edem a of the skin and m ucous m em b ra n es  of the esophagus and mouth 

w ere  found on h is to log ica l s tud ies  of z inc-def ic ien t r a ts  by Day and 

McCollum (28) and F o ll is  e t a l . (50). Hogs need  a h igher zinc content 

in th e ir  d ie t than m ice  o r  r a t s .  When the d ie t contains a high calc ium  

content, the zinc content h as  to be in c re a s e d  in  p roportion  o r  a d isease  

known as  p a ra k e ra to s is  w ill develop (164).

Vallee et a l . (167) recen tly  d e sc r ib ed  a condition in hum ans 

known as  p os t-a lcoho lic  c i r rh o s is  m a rk e d  by g ro ss  ab n o rm a li t ie s  in 

zinc m e tab o lism  and low ered  se ru m  zinc concen tra tion . In these  

p a t ien ts ,  the m agnesium  and copper content did not change. When 

ra ts  w e re  fed a d ie t containing 1 p e r  cent zinc, a s ev e re  anem ia  d e ­

veloped in  3 to 5 w eeks ; how ever, a d ie t as high' as 10 p e r  cent 

zinc could be to le ra te d  for only a few w eeks . When copper w as added 

to the diet, the hemoglobin w as m ain ta ined  at a h igher lev e l  than 

norm al;  how ever, a m ix tu re  of i ro n ,  copper , and cobalt m a in ta ined  

the hem oglobin at n o rm a l le v e ls .  Sadasivan (132) in 1951 o bserved  

an in c re a se  in u r in a ry  u r ic  acid  and c rea tin in e  during a high zinc 

diet.

It has  been shown in d irec t ly  tha t th e re  is  a dem and fo r zinc 

in wound healing, for exam ple, sev e re  th e rm a l  burns  (154). In E. 

coli endotoxin shock, a d ra s t ic  d e c re a se  has  been observed  in the
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p lasm a  zinc concen tra tion  (63).

C opper

It has  been w ell e s tab lish ed  that copper is  n e c e s s a ry  fo r the 

fo rm ation  of hem oglobin , abso rp tion  of iro n  from  the in te s t in a l  t r a c t ,  

and m obiliza tion  of i ro n  from  the t is su e  s to re s  of m a m m a ls .  The exact 

function of copper is unknown, but the influence of copper (yrl the  a b ­

so rp tion  of i ro n  ap p ea rs  to depend on the concen tra tion  in  the t i s su e s  

r a th e r  than  on the concen tra tion  in the diet. H olm berg and L a u re l l  (73) 

found that m o re  than  90 p e r  cent of the se ru m  copper w as  f i rm ly  bound 

to an Y2 -globulin and contained 8 a tom s of copper pe r m olecu le  of c e r u ­

lop lasm in  and tha t  the oxidase activ ity  of ce ru lo p lasm in  w as con tro lled  

by the se ru m  copper level. The na tu re  of the copper linkage sugges ts  

that not a ll  copper a tom s a re  bound in the sam e m anner . The p ro p e r t ie s  

of c e ru lo p lasm in  s im ula te  those of the la c c a s e s ,  and c a ta ly z e s ,  in  v i t r o , 

the oxidation of m any substances  in  the p re sen c e  of m o le c u la r  oxygen. 

Except in  Wilson’s d isea se ,  the le v e l  of ce ru lo p lasm in  is  ind ica ted  by 

the se ru m  copper values (C u /s) .  The v a r ia t io n  of c e ru lo p la sm in  in 

c e r ta in  o the r  d is e a s e s  can be cons trued  from  data obtained f ro m  the 

fluctuation of the se ru m  copper in physio log ical and pathological co n ­

ditions (74) (96). Lang and R en sch le r  (88), utiliz ing in travenous  in ­

jections  of Cu^^, observed  that the l iv e r  was the only o rgan  in which
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in c re a s e d  in the ceru lop lasm in-conta in ing  f rac tion  and since th is  

o c cu r red  before ceru lop lasm in-conta in ing  Cu^"^ appeared  in the p la sm a, 

they concluded that ceru lop lasm in  was synthesized  in the l iv e r .  The - . 

n o rm a l value of C u /s  at b ir th  is only 50 |ig /100 m l, but at 1 y e a r  of 

age, the concen tra tion  is the sam e  as  found in adults  (5), C e ru lo p la s ­

m in  is  fo rm ed  throughout the in trau te r in e  life, and it does not deviate 

with sex. The stage and advancem ent of m alignant d isea se s  and extent 

of n e c ro s is ,  as  well as s ta tus  and continuance of feb ric ity , v a r ie s  the 

C u /s  va lues . In com plications (infectious rheum ato id  a r th r i t i s  and 

l iv e r  d iseases )  during pregnancy, the C u /s  values m ay  in c re a se  to 

600 ^g/100 m l (89), Subnormal C u /s  va lues have been  o b served  in  

sev e re  hypoprote inem ia  (m alnutrition  and gastro in te s t in a l  d iso rd e rs )  

probably resu lting  from  an amino acid  deficiency (22), It w as also 

observed  that the ce ru lo p lasm in  value d e c re a se d  in adults w ith n e ­

ph ri t ic  syndrom es which m ay have been caused  by u r in a ry  lo s s .  Many 

in ves t iga to rs  suggest that the low ce ru lo p lasm in  level in W ilson 's  d i ­

sease  was due to im p a ired  synthesis  of ceru lop lasm in  (36) (79) (133), 

The tu rn o v e r  of the album in copper is high, indicating a rap id  exchange 

w ith e x trav ascu la r  copper pools (8) (36) (79) (133),

N um erous copper p ro te ins  have been  iso la ted  from  plant and 

an im al t is su e s  and sev e ra l  of these  have been shown to be enzym es 

with oxidative functions (163), Evidence has  been der ived  to indicate
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tha t ty ro s in a se ,  la cc a se ,  a sco rb ic  acid  ox idase , cy tochrpm e oxidase, 

u r ic a se ,  bu tyry l CoA dehydrogenase, and ^-am inolevulin ic  acid  dehy- 

d ra se  a re  copper (containing) compounds (152), Copper has been shown 

to be im p lica ted  in the m etabolic  p ro c e ss  of p igm entation, k e ra t in iza t io n  

of wool, bone form ation , rep roduction , m ye lina tion  of the spinal cord , 

and the hem atopo ies is  (163), According to the l i t e r a tu re  rev iew ed , the 

concen tra tion  and d is tr ibu tion  of copper in the body v a r ie s ,  but e s t i ­

m a tes  of 100 to 150 m g of to ta l  copper or 1. 5 to 2. 5 ppm have been 

noted. In the adult r a t ,  m u sc le s  contain 21 p e r  cent, bones 23 per 

cent, l iv e r  13 per  cent, and skin 36 p e r  cent of the body copper (92),

In o rd e r  of concen tra tion  the t i s su e s  are : l iv e r ,  h e a r t ,  kidney, h a i r ,  

b ra in , spleen, bones, and the endocrine  glands (p itu itary , thyro id , 

and thymus) (163), Some t i s su e s  such as endocrine  glands, m u sc le s ,  

h e a r t ,  b ra in ,  and skin a re  ve ry  r e s is ta n t  to change in copper co n cen ­

tra t io n ;  w h e reas ,  the l iv e r ,  kidney, spleen, and lungs can v a ry  g rea tly  

by high diet intake. The l iv e r  concen tra tion  of copper has  been  studied 

in many spec ies  and these  s tud ies  indicate  tha t the concen tra tion  and 

copper levels  depend upon the sp ec ie s ,  age, na ture  of d ie t, and o c c u r ­

rence of c e r ta in  d isease  conditions (163), It has  been suggested  that 

the high l iv e r  concen tra tion  of copper at b ir th  functions as s to rag e  

copper to overcom e the low copper content of m a te rn a l  m ilk . Intake 

of molybdenum will l im it  the copper s to rage  in p ropor tion  to the in -



60

organic  sulfa te  content of the d ie t (163).

Human d isea se s  such as M ed ite rran ean  anem ia, h e m o ch ro m a ­

to s is ,  W ilson 's  d isease  (h ep to - len ticu la r  degeneration), c i r rh o s i s  and 

yellow atrophy of the l iv e r ,  tu b e rc u lo s is ,  c a rc inom a , and sev e re  

chronic  d is e a se s  accom panied by anem ia  a re  c h a ra c te r iz e d  by e x ce p t­

ionally high l iv e r  copper leve ls  (21), The concen tra tion  of copper in 

blood of healthy  an im als  v a r ie s  g rea tly  from  organ  to o rgan  in the 

sam e an im al, but the p a tte rn s  f rom  spec ies  to sp ec ie s  a re  very  s im ila r ;  

for exam ple, in m an  and ca tt le  the concen tra tion  of copper is  evenly 

divided between p la sm a  and RBC (5) (21) (37) (108) (163). In m an , 

above average  concen tra tion  of copper p re v a i ls  in  a g re a t  num ber of 

chronic and sev e re  d is e a se s ,  including leukem ia , Hodgkin 's d isea se ,  

d iv e rse  a n em ias ,  "collagen" d is o r d e r s ,  h em o ch ro m a to s is ,  and m y o ­

c a rd ia l  in fa rc tio n  (171). In dogs, copper is ab so rb ed  f ro m  the acid 

sec tion  of the upper jejunum w hile  in  pigs it is  ab so rb ed  from  the 

sm all  in te s t in  and colon, and in m an  it is  be lieved  to be abso rbed  

from  the f i r s t  sec tion  of sm all  in te s tine  (26) (128). The blood p la sm a  

t r a n s p o r ts  absorbed  copper (loosely bound to a p la sm a  p ro te in  p ro b ­

ably se ru m  albumin) to the pa ren ch y m al ce lls  of the l iv e r  and kidney 

(163). The m a jo r  route  of e x cre t io n  ap p ea rs  to be the b i l ia ry  sy s tem , 

but when th is  sy stem  is obs truc ted , in c re a se d  u r in a ry  ex cre t io n  takes  

place (163). A g re a t  a r r a y  of c lin ica l i r r e g u la r i t i e s ,  such as  anem ia .
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d e p re sse d  growth, bone d is o rd e rs ,  neonatal a tax ia , h e a r t  fa i lu re ,  and 

g a s tro in te s t in a l  d is tu rbances  have been  connected with a reg im en  d e ­

ficiency of copper or re sponds  to copper therapy  (163). The f i r s t  e v i ­

dence of copper deficiency is  a slow exhaustion of body copper deposits ,  

and then a constan t drop in the blood copper concen tra tion  below that 

dem anded for ideal h em atopo ies is  (163), Lahey et a l . (87) contributed 

evidence to support the theory  that copper w as im portan t in the e r y th r o ­

cyte m a tu ra t io n  p ro c e ss  when they re p o r te d  that pigs and dogs had 

fewer re ticu locy tes  in th e ir  blood during copper anem ia  than they had 

during i ro n  anem ia , and that an im a ls  suffering f rom  both iro n  and 

copper defic iency anem ia  had a s trik ing  re ticu locy te  re sp o n se  upon 

the addition of copper to the diet, but had very  l i t t le  re sp o n se  when 

i ro n  w as added to the diet.

Schultze (134) w as the f i r s t  to show that th e re  w as a lo s s  of 

cytochrom e oxidase from  the t i s su e s  in  copper defic iency an im a ls .  

Copper is  specifica lly  connected to the syn thesis  of the p ro s th e tic  

group of cy tochrom e oxidase as  one of its  basic  functions (163). S ke le ­

ta l  changes a re  u n re la ted  to the anem ia  in copper deficiency. Bones 

in copper deficiency a re  d is tingu ished  by below average  c o r t ic e s ,  d e ­

ficient t rab ecu lae  and wide ep iphyses , together with n o rm a l ash , 

calc ium , phosphorus and CO^ contents (163).
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Copper demand cannot be b ased  on the copper intake because 

many d ie ta ry  constituents may dominate copper a ss im ila t io n  and u t i l i ­

zation (163). Copper deficiency a sso c ia ted  only with iron  deficiency 

anem ia  and hypoprote inem ia  has been d em onstra ted  only in  infants 

(155). Scoular (135) e s t im ated  that ch ild ren  could re ta in  about 0. 06 

to 0. 10 mg C u/kg  body weight; th e re fo re ,  a daily intake of 1 .2  to 3 .0  

m g would be req u ired .

The l ive r  has  the ability to re ta in  la rge  amounts of ingested  

copper without physiological dam age, but if the excess ive  l iv e r  copper 

escaped  into the blood s t re a m , extensive hem olys is  and jaundice 

would ensue and death would occur (163). Boy den et a l . (16) have 

m aintained ra ts  on diets containing 500 ppm copper (about 100 t im es  

the norm al intake) without apparen t damage to health o r  growth. In 

cattle  and sheep, copper poisoning a sso c ia ted  with chronic or sudden 

hem olytic  ic te ru s  and hem oglobinuria  has  been re p o r te d  (163). Very 

little  is known about the leve ls  of copper tha t will re su l t  in acute 

toxicity  in m an, but it would re q u ire  approxim ate ly  ten t im es  the daily 

d ie ta ry  intake, an unlikely s itua tion  except for c e r ta in  occupational 

conditions (163).



CHAPTER I I I

PURPOSE AND S C O P E

In the field of insectic ide  toxicity  the l i te ra tu re  indicates 

that m any investigations have been c a r r i e d  out under a v a r ie ty  of con ­

ditions on m any species  of la b o ra to ry  an im als .  A la rge  num ber of 

investigations have also been p e rfo rm ed  with endrin  in acute  and su b ­

acute toxicity  s tud ies . Even though sev e ra l  r e p o r ts  have been m ade 

on the pharm aco log ica l action of th is  cyclodiene on the c en tra l  nervous 

sys tem , the exact m echan ism  of th is  action  has not been dem o n stra ted  

in  m an  o r  an im als .  Chronic toxicity  s tudies  show that re p e a te d  doses  

of the cyclodienes produce m ic ro sco p ic  changes in the l iv e r  and the 

kidneys in some experim en ta l  an im als .  L es ions  m ay  a lso  be produced  

in  m an and an im als  by a single acute or subacute dose.

The adm in is tra tion  of cyclodiene insec tic ides  o ra l ly  o r  

par ente ra lly  to ra ts  in doses above the LD^Q level w ill produce t e r m i ­

nal convulsions. Analysis of the b ra in  of the convulsing an im als  r e ­

vealed  the p resen ce  of betaine CoA e s t e r s ,  r e le a s e d  in  the b ra in  

t is su e  through damage to the b ra in  cell m itochondria  (75). D ieldrin ,

63
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one of the cyclodiene in sec t ic id e s ,  inhibits  va r ious  dehydrogenases  and 

cytochrom e b m e tab o lism  (75), T h is  insec tic ide  a lso  inhibits  anaerob ic  

g lyco lysis  and the hy d ro ly s is  of acety lcholine by b ra in  ace ty lc h o l in e s te ­

r a s e s .  S eve ra l  of the enzym es a r e  inhibited  by poisons, com petitive 

inh ib ito rs ,  v a r io u s  "m ixed -type"  in h ib ito rs ,  heavy m e ta ls ,  n o n -c o m ­

petitive  in h ib ito rs ,  and o th e r  types of inh ib ito rs  tha t block one o r  m o re  

s teps in  a p a r t ic u la r  m e tabo lic  pathway.

Due to the im p o r tan ce  of i ro n ,  m agnes ium , zinc, and copper 

in  the function of c e r ta in  enzym es and o the r  m etabolic  ac t iv i t ie s ,  as 

enu m era ted  h e re to fo re ,  it  m ay be a ssu m e d  that a concen tra tion  shift 

exhibited by any one of these  m e ta ls  would provoke significant b io ­

chem ica l changes in the m e tab o lism  of those s u b s t r a te s  effected  by 

the enzym es involved.

This r e s e a r c h  was designed  in o rd e r  to amplify and e lucidate  

the p re sen c e  and v a r ia t io n s  in  the t r a c e  m e ta l  concen tra tions  influenced 

by o ra l  doses  of the in sec tic id e  end rin  a d m in is te red  under con tro lled  

conditions. The re la tionsh ip  of t r a c e  m e ta ls  and endrin  has not been 

p rev ious ly  investigated  nor h a s  the concen tra tions  of v a r ious  m e ta ls  

in  n o rm a l ra t  t i s su e s  been  adequately rep o rted .  The explic it p u rp o se s  

of the p re s e n t  invest iga tion  w ere  to dose ra ts  w ith subacute and acute 

o ra l  doses  of endrin  in  o rd e r  to study v a r ia t io n s  of iron , m agnes ium , 

zinc, and copper in  (a) p la sm a ,  (b) re d  blood c e l ls ,  (c) l iv e r ,  kidney.
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sp leen , b ra in ,  and h e a r t ,  and (d) u rine  and feces . H em ato c r i t  values 

w ere  a lso  de te rm in ed  and com pared . The u ltim ate  objective of the 

long te rm  p ro je c t  for the Institu te  of E nvironm enta l Health , D e p a r t ­

m en t of P rev e n t iv e  M edicine and Public  Health, U niversity  of O k la ­

hom a M edical C en te r ,  is to provide a foundation for a diagnostic  

technique in  the course  of in sec tic ide  intoxication. The evaluation of 

t r a c e  m e ta l  involvem ent during the course  of en d rin  intoxication is  

one phase  of th is  goal. If the d isc lo su re  and em ploym ent of the c h a r ­

a c te r  of t r a c e  m e ta ls  as  such a tool ap p ea rs  to be of l i t t le  u se fu lness ,  

it m u s t  be re c a l le d  that only a few y e a r s  ago the ro le  of t ra c e  m e ta ls  

in the fo rm ation  of p ro te in  com plexes and the ro le  of t ra c e  m e ta ls  in 

n u m erous  d is e a se s  w ere  unknown, except in some specific  nu tr i tional 

defic ienc ies .



CHAPTER IV 

EQUIPMENT, METHODS AND PROCEDURE

The experim en ta l an im als  consis ted  of adult m ale  Holtzman 

albino r a ts  (300 to 425 g each with an average  weight of 403 g) p u r ­

chased  from  the Holtzm an Company, Houston, T exas. They w ere  

acc lim a ted  to the lab o ra to ry  environm ent for 2 weeks and then e x ­

am ined for sym ptom s of i l ln ess  a f te r  which time they w e re  ra n d o m ­

ized  into th ree  groups and placed in individual m etabo lic  cages . The 

control and chronic  groups consis ted  of 10 ra ts  each, while the acute 

group was com posed of 12 r a t s .  Throughout the experim en t all a n i­

m a ls  rece iv ed  w a te r  and Rockland Mouse B re ed e r  diet_ad l ib i tu m . 

Each ra t  was weighed at the in itia tion  of the study, im m edia te ly  p r io r  

to dosing, and again a t sac r if ice .

The chronically  exposed an im als  rece iv ed ,  over an 8-day 

period , a to ta l  o ra l dose of 8 mg of endrin  pe r kg of body weight.

This p es tic ide , which was p re p a re d  by dissolving 5 g of endrin  in 100 

m l of co m m e rc ia l  grade peanut oil, was ad m in is te red  via a stom ach 

ca th e te r  in 4 doses s ta r t in g  with 3 m g /k g  on the f i r s t  day, 2 m g/kg
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on the th ird  and fifth days, aind 1 m g /k g  on the eighth day. This 

group along w ith the control group w as sac r if iced  on the ninth day.

The an im als  in the acute group w ere  o ra l ly  exposed  to a 

single dose of 25 m g /k g  of body w eight and the onse t and du ra tion  of 

each convulsion was re c o rd ed .  S acrif ice  w as effected  at the in itia tion  

of the th i rd  convulsion. Since the lap sed  tim e betw een a d m in is tra t io n  

of the end rin  and the o ccu rren ce  of the th ird  convulsion w as r a th e r  

constant (2 4-0 .5  h o u rs ) ,  a ll  acutely  exposed an im als  w e re  c lose ly  

grouped at the sam e degree  of intoxication.

The an im a ls  w ere  sac r i f ic e d  by f i r s t  placing each under a n e s ­

th e s ia  with diethyl e th e r  then opening the abdominal cavity  and e x ­

sanguinating the anim al by in se r t in g  a needle attached to a syringe  

into the abdominal a o r ta  ju s t  above the il iac  a rch .  The blood which 

ranged  in volume from  3 to 11 m l pe r ra t  w as then  t r a n s f e r r e d  to a 

te s t  tube. The sy r in g es ,  need le , and te s t  tube, as w ell as the c a p i l ­

la ry  tubes used  in the la te r  ana lyses  of blood, w e re  p re t r e a te d  with 

heparin .

A fter the an im als  had been  bled, the l iv e r ,  r igh t kidney, 

spleen, b ra in ,  and h e a r t  w ere  rem oved  from  the body, b lotted  d ry , 

p laced  in t a r e d  b e a k e rs ,  and the wet weight de te rm ined . Then the 

t is su e s  w ere  d r ied  in an oven at 105°C for 16 h o u rs ,  p laced  in  a 

d e ss ic a to r  over night, and the dry  weight de term ined . The m o is tu re
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weight w as der ived  from  the d ifference  between the o rgan  to ta l wet 

weight and the subsequent d ry  weight. Next the t i s su e s  w e re  t r a n s ­

fe r r e d  to a fu rnace  and burned at 500° C fo r 8 h o u rs .  The ash  

weight w as de te rm in ed  a f te r  d ess ica t io n  over night. The w eight lo s t  

during the ashing p ro c e ss  w as te rm e d  volatile  w eight and w as de rived  

by the d ifference  between the dry and ash  weight. A fter the w eight of 

the ash  w as  de te rm ined , 1 m l of 0. 0324 N HCl fo r  each  m g of ash  was 

added to the con ta iner.  The co n ta in e rs  w ere  then covered  and allowed 

to s tand  over night. The acid  and ash  re s id u e  w e re  t r a n s f e r r e d  to a 

t e s t  tube, sea led  with p a ra f i lm , and s to red  under r e f r ig e ra t io n  until 

an a ly s is .  U rine  and feces from  contro l and chronic  an im als  w e re  

co llected  on a l te rn a te  days and pooled. The a i r - d r i e d  feces  w e re  

ashed and solubilized  in the sam e m an n er  as the t i s su e  sam p les .  The 

u rine  was d ilu ted w ith 5 p a r ts  0. 0324 N HCl and analyzed in the sam e 

m an n e r  a s  the p lasm a.

The h e m ato c r i t  ra tio  for each anim al in  each group w as  d e ­

te rm in e d  in cap il la ry  tubes cen tr ifuged  at 15, 000 x g for 5 i m in u te s .  

The rem a in ing  portion of the blood sam ple w as then se p a ra te d  into 

p la sm a  and red  blood cells  (RBC) by centr ifugation  under the sam e  

conditions. One m l of p la sm a  w as w ithdraw n and dilu ted with 5 p a r t s  

0. 0324 N HCl and 1 m l of packed RBC was w ithdraw n and d ilu ted  with 

35 p a r t s  of the dilute acid. The concen tra ted  solutions w e re  p re s e rv e d



69

by freez ing  and the diluted sam ples  w e re  s to red  under re f r ig e ra t io n  

until ana lys is .  P re p a ra t io n  of t is su e  and blood frac tions  in th is  m anner 

p e rm it te d  d ire c t  a sp ira t io n  of the sam ples  into the b u rn e r  of the atom ic 

abso rp tion  unit, and re su l ted  in  m o re  rep roducib le  re su l ts  with few er 

m echan ica l d ifficulties than  encountered  in analys is  by o the r  m ethods,

A set of s tandard  solutions containing 10, 000 ppm of iron , 

m agnes ium , zinc and copper, re sp ec tiv e ly  (F ish e r  Scientific C o m ­

pany, F a i r  lawn, New Je r se y ) ,  w ere  se r ia l ly  diluted with 0. 0324 N 

HCl in o rd e r  to obtain s tandards  in the concen tra tion  ranges  antic ipated . 

These  dilutions w ere  then u sed  to p re p a re  s tandard  curves  covering the 

ind ica ted  ranges: i ron , 1 to 25 p g /m l;  m agnesium , 0, 1 to 15 }ig/ml; 

zinc, 0. 25 to 2, 0 p g /m l;  and copper, 0, 25 to 5, 0 jig /m l. In o rd e r  to 

overcom e phosphate bonding, the m agnesium  s tanda rds , as  well a s  a ll 

sam ples  p re p a re d  for m agnesium  an a ly s is ,  w e re  provided  with 0, 05 m l 

of concen tra ted  s tron tium  chloride (50, 0 g /1 ) p e r  m l of sam ple. During 

an a ly s is ,  app rop ria te  s tan d a rd s  w ere  rep ea ted  with every  ten th  sam ple. 

All the sam ples  from  the ex per im en ta l  an im als  (p lasm a, RBC, 

feces ,  u r in e ,  l iv e r ,  kidney, sp leen , b ra in  and h ear t)  w ere  analyzed 

for iro n , zinc, copper, and m agnes ium  in that o rd e r .

These  ana ly ses  w ere  accom plished  with a J a r r e l l - A s h  Atomic 

A bsorp tion  Spectrophotom eter Model 82-362 utilizing a 0 .5  m e te r  

E b e r t  mount mono chrom e te r  having a g ra ting  of 30,000 lines  p e r  inch
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in the u ltrav io le t  range (F igures  6 and 7). The hollow cathode tubes, 

which provided the c h a ra c te r is t ic  photons fo r each m e ta l ,  w e re  o p e r ­

ated  at the following am perages : (a) iron , 11, 6; (b) m agnes ium , 10, 0;

(c) zinc, 6, 0; and (d) copper, 7, 0, Energy  n e c e s sa ry  for placing the 

a tom s in a n eu tra l  state  w as prov ided  by a d ire c t  a sp ira t io n  Hecto 

b u rn e r  using hydrogen and a ir  at the following p r e s s u r e s  fo r the in d i­

vidual m eta ls :  (a) iro n , hydrogen 12,5 p s i  and a ir  15 psi;  (b) m a g n e s ­

ium , hydrogen 5, 0 ps i and a i r  15 psi;  (c) zinc, hydrogen 15 p s i  and 

a ir  21 psi;  and (d) copper, hydrogen 12,5 p s i  and a i r  15 p s i .  An RCA 

photom ultip lier tube Model IR 106 w as opera ted  a t the following v o l t ­

ages and wavelengths: (a) i ron , 760 and 2483 Â ', (b) m agnes ium , 450 

and 2851 Â; (c) zinc, 450 and 2138 X; and (d) copper, 450 and 3247 X .

The data w ere  subjected to analys is  of v a r iance  and the v a r ­

ious p a ra m e te r s  and t re a tm e n t  groups w e re  com pared  u tiliz ing  D uncan 's  

New Multiple Range A nalysis  (149), The s ta t is t ic a l  t r e a tm e n t  em ployed 

is exemplified in  Appendix I and all o ther data  a re  re c o rd ed  in Appendix 

II, The te rm  "significant"  às  used  he re in  im plies  s ta t is t ic a l  significance 

at the 0, 05 level.
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Figure 6. Optical design of the Jarrell-Ash Ebert spectograph, 
with photomultiplier and recorder attachments.
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Figure 7. Multi-pass optical system composed of the new Corning optics.



CHAPTER V 

OBSERVATIONS AND DISCUSSION

The observations  on the acute, ch ron ic , and con tro l e x p e r i ­

m en ta l groups of r a t s  a re  p resen ted ,  in itia lly , as a conside ra tion  of 

the resp o n se  of the se lec ted  m e ta ls  in the v a r io u s  o rgans and in  the 

c irc u la to ry  and ex c re to ry  sy s tem s. Next, the o b se rv a tio n s  a re  con ­

s id ered  from  the standpoint of each m e ta l  and its  re sp o n se  throughout 

the anim al. The com parisons  of the t re a tm e n t  and contro l e x p e r i ­

m ental p a ra m e te r s  a re  shown in Tables 2 through 13 (Appendix II), 

and these  data a re  su m m arized  in Table 1, which ind ica tes  the s t a ­

t is t ic a l ly  significant in c re a se s  and d e c r e a s e s  by d irec tio n a l a r ro w s .

O rgans and E xcre tions  

L iver

Acute v e rs u s  C o n tro l- All organ  size p a ra m e te r s  dem on­

s t ra te d  s ignificant in c re a s e s  varying from  25 p e r  cent in  the wet 

weight to 200 p e r  cent in the ash  content. In spite of these  changes, 

the to ta l o rgan  content of iron  and m agnes ium  indicated no appreciab le
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T A B L E  1

SUMMARY O F COMPARISON O F THE TREATMENT 
PARAMETERS

»

9)

3CQ • H 0

(U
+jn)
0
>

rCim Total Metal
M etal

C oncentra tion
<

Fe Mg Zn Cu JFe Mg Z n Cu

L iv er
acute + + - _ 4 - 4 - 4
chronic - - - - 4 4 - - 4 ■- 4

Kidney-
acute + - - 4 4 4 - 4 4 4 ■-
chronic - - - 4 - - - 4 4 - 4 4

Spleen
acute - - - -■ 4 4 4 4 4 4 4 4
chronic + i 4 - 4 - 4 - - - -

B ra in
acute + + - - - 4 4 4 - 4 4
chronic - + - - - - - - - - -

H ear t
acute f t t 4 4 4 4 4 4 4 4

chronic - - - + - 4 - - 4 - - '- -

RBC
acute - 4 4
chronic - - 4 4

P la sm a
acute - 4 - 4

chronic 4 - 4 4

F eces  -chronic^ 4 4 4 4 4 4 4 4

U rine-chron ic^ 4 4 4 4 4 4 4 -

^A rrow s indicate d irec tiona l changes and not s ta t is t ic a l  s ign if i­
cance since the sam ples  w ere  pooled and F  -values  could not be d e ­
te rm ined .
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changes in  th e i r  n o rm a l values  of 393 fig/mg and 1336 fig/m g. On the 

o ther hand, the to ta l amount of zinc did in c re a se  s ignificantly , while 

the to ta l copper content d e c rea sed .

The d e c re a se s  in the unit concen tra tions  of m agnes ium  and 

copper a r e  p re d ic tab le  s ince th e i r  tota l o rg an  contents  rem a in ed  co n ­

s tan t o r  d e c re a se d  while the o rgan  s ize  in c re a se d .  The lack  of change 

in the zinc concen tra tion  ind ica tes  tha t, even though the to ta l amount 

of zinc p re s e n t  in c re a s e d ,  the ra te  of in c re a s e  w as p ro p or tiona l to 

the in c re a s e  in  size of the organ.

C hron ic  v e rs u s  C o n t ro l . A ll o rgan  s ize  p a r a m e te r s  w ere  

e sse n t ia l ly  unchanged at the end of the chronic exposure  study; how­

e v e r ,  s ignificant in c re a s e s  of 30, 35, and 30 p e r  cent w e re  o b se rv ed  

in the to ta l  o rg an  content of iro n ,  m agnes ium , and zinc. C onverse ly , 

copper ,  which ap p ea rs  to be one of the m o re  m obile  m e ta l s ,  dem on­

s t ra te d  a s ta t io n ary  level of 0. 15 pg. In view of the fac ts  that the 

o rg an  s ize  re m a in ed  constant and the m e ta l  contents in c re a s e d  or 

re m a in ed  constan t, co rrespond ing  behav ior of the unit concen tra tions  

is to be expected; how ever, due to the com plexity  of the b iological 

function of the l iv e r ,  only an an tic ipa ted  in c re a se  in the concen tra tion  

of m agnes ium  w as observed .
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Kidney

Acute v e rsu s  C o n tro l . Since only the wet and m o is tu re  weights 

of the kidney in c re a se d  and th e ir  in c re a s e s  w ere  of the sam e d irec tion  

and m agnitude, in c re a se s  in  the in tra c e l lu la r  and e x tra ce l lu la r  fluids 

would account for the in c re a s e d  m o is tu re  weight and i ts  accompanying 

wet weight.

P ro p o r t io n a l  in c re a s e s  in concen tra tion  and to ta l kidney m eta l 

content w ere  detec ted  for iro n  (100 p e r  cent), m agnes ium  (20 p e r  cent), 

and zinc (50 p e r  cent). T h e re fo re ,  the end re s u l t  of t re a tm e n t  was an 

in c re a s e d  concen tra tion  of iro n , m agnes ium , and zinc above and b e ­

yond conside ra tions  of in c re a se d  o rgan  s ize . No v ita l  changes w ere 

o b se rv ed  in copper of the kidney as a r e s u l t  of the acute endrin  

tre a tm e n t .

Chronic v e rsu s  C o n tro l . In the chronic t re a tm e n t ,  the 

m eans  of w et, m o is tu re ,  and volatile  kidney weights rev ea led  no s ig ­

n ificant a l te ra t io n s  from  the con tro l but the m ean  ash w eight showed 

a s ignificant d e c rea se .  Significant in c re a se s  of 50 and 25 p e r  cent 

in the concen tra tions  of i ro n  and zinc w e re  re f le c ted  by n ea r  s ign if i­

cant in c re a s e s  in th e ir  re sp ec tiv e  tota l amounts in the kidney. K id ­

ney m agnes ium  was not a l te re d  by the chronic  t re a tm e n t .  An i n ­

c re a s e  of 60 p e r  cent in the total and concen tra tions  of copper in the
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chrom e t re a tm e n t  kidney is the only case  of an organ copper in c re a se  

rev ea led  in this investigation.

Spleen

Acute v e rsu s  C o n tro l . Table 1 ind ica tes  that the re  w ere  no 

significant changes in the to ta l  w eight, m o is tu re  content, volatile 

component, or ash  content of the spleens, from  the acute trea tm en t.  

However, the to ta l am ounts of i ro n ,  m agnes ium  and zinc p re sen t  in 

this o rgan  exhibited s ignificant in c re a s e s  of 70, 45, and 75 p e r  cent, 

re sp ec tiv e ly ,  above th e ir  con tro l values of 50, 84, and 10 fig. Since 

the to ta l amounts of these  m e ta ls  in c re a se d  while no s ignificant 

changes in  the o rgan  size o c cu r red ,  the s ignificant in c re a s e s  of 75,

50, and 80 p e r  cent in the unit concen tra tions  of these  th ree  m e ta ls  

a re  unders tandab le . Copper, on the o ther hand, exhibited a s ignifi­

cant 35 per cent d e c rea se  in  the to ta l m e ta l  p re s e n t  (1 |ig) and a 

co rrespond ing  d ecrea se  in its concentra tion .

Chronic v e rsu s  C o n tro l . E ndr in  ad m in is tra t io n  under chronic 

conditions re s u l te d  in significant d e c re a s e s  of 15, 20, 20, and 45 p e r  

cent, re sp ec tiv e ly ,  in  the to ta l o rg an  w et, m o is tu re ,  vola tile , and 

ash weights. Even with s ignificant d e c re a se s  in the o rgan  weight 

p a ra m e te r s ,  the concen tra tions  of the m e ta ls  w ere  not a l te re d  by the
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chronic tre a tm e n t .  Although the unit concen tra tions  of m agnes ium  and 

copper w ere  not changed by the chronic  t re a tm e n t ,  a 30 pe r  cent d e ­

c re a s e  in both the total m agnes ium  and copper contents w e re  a c c o m ­

panied by and c o r re la te d  with a g en e ra l iz ed  30 p e r  cent d e c re a se  in 

the sp leen  o rgan  weight.

B ra in

Acute v e rsu s  C o n tro l . As in the case  of the kidney under 

acute t re a tm e n t ,  only the wet and m o is tu re  w eights in c re a se d ,  again 

suggesting that both weight in c re a s e s  w e re  the re s u l t  of a m o is tu re  

influx. B ra in  i ro n  was not a l te red  by t r e a tm e n t .  A 20 p e r  cent d e ­

c re a se  in m agnes ium  tota l content w ith  an in c re a se  in b ra in  m o is tu re  

y ielded an expected  25 p e r  cent d e c re a se  in concen tra tion . Since the 

zinc concen tra tion  did not change, the total zinc p re se n t  in c re a s e d  in 

p roportion  to the in c re a s e  in o rgan  s ize . A 30 p e r  cent in c re a s e  in 

tota l zinc w as found. In a d irec tiona l shift, copper exhibited  a d e ­

c re a s e  of some 50 p e r  cent in to ta l and concen tra tion  q uan tit i t ie s .

Chronic v e rsu s  C o n tro l . E ven  though th e re  was an in c re a se  

in the m o is tu re  content of the b ra in ,  con s id e ra tio n  of the da ta  and 

o rgan  physiology c a s ts  doubt on the biological s ignificance of this 

single s ta t i s t ic a l  observa tion  resu lt ing  from  chronic  en d r in  t r e a t ­

m ent.
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H eart

Acute v e rsu s  C o n tro l . S ta tis t ica lly  significant but c o m p a ra ­

tively  sm all  in c re a s e s  of 10 to 15 p e r  cen t w e re  ob se rv ed  in all o rgan  

size  p a ra m e te r s .  Total i ro n ,  m ag n es iu m , and zinc content in c re a se d  

50, 30, and 50 p e r  cent above th e i r  con tro l va lues of 2 .0 ,  129, and

0 .96  pg. In view of the in c re a se  in o rgan  size as w ell as the in c re a s e s  

in the total m e ta l l ic  content, the in c re a s e s  in unit concen tra tion  of 

55, 15, and 55 per cent in i ro n ,  m agnes ium , and zinc, ind ica tes  a 

m a rk e d  influx of th ese  m e ta ls  into the h e a r t .  C opper, on the other 

hand, ind ica tes  a significant reduc tion  of 50 pe r  cent in  both the to ta l  

m e ta l  as w ell as concen tra tion .

C hronic  v e rsu s  C o n tro l . Of the four s ize p a r a m e te r s ,  only 

ash  weight d e m o n s tra ted  a significant change and this  was a d e c re a se .  

An in c re a se  in the concen tra tion  of i ro n  w as o b se rv ed , but th is  o b ­

se rv a tio n  was not va lida ted  by a significant in c re a se  in  the to ta l o rgan  

content of th is  m e ta l .  A s im ila r  s itua tion  ex is ts  in the case  of m a g ­

nesium  w here  the to ta l d e c re a se d  with no s ignificant shift o b se rv ed  

in the unit concen tra tion . Zinc and copper d em o n stra ted  no a l te ra t io n  

as a r e s u l t  of chronic  end rin  t r e a tm e n t .
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H em ato c rit

Chronic  v e rsu s  C o n tro l . The m ean  h e m a to c r i t  ra tio  for the 

con tro l an im als  w as 46, 9, while tha t fo r the chronic t re a tm e n t  showed 

a non-s ign if ican t in c re a se  to 49 .8 ; how ever, the in c re a se d  value of

52. 9 exhibited  by the acute an im als  was s ta t is t ic a l ly  significant.

Red Blood C ells

Acute v e rsu s  C o n tro l . Iron and copper concen tra tion  did 

not deviate significantly  from  th e ir  con tro l values of 1049 and 0 .4 0 '  

p g /m l of packed ce lls ;  how ever, m agnes ium  did d e c re a se  significantly 

from  23. 5 to 17.5 p g /m l .  Zinc w as a lso  m obilized  out of the RBC 

as evidenced by a d e c rea se  from  17. 4 to 11.1 jUg/ml.

Chronic  v e rsu s  C o n tro l . The chron ic  an im als  m an ifes ted  

no a lte ra t io n s  in  iro n  o r  m agnes ium  RBC concen tra tions . Declines 

of 40 and 30 p e r  cent in  the zinc and copper va lues re v e a l  evidence 

of a m a rk e d  t ra n sp o r ta t io n  of these  m e ta ls  out of the RBC during 

chronic  endrin  intoxication.

P la sm a

Acute v e rsu s  C ontro l. By co m p ariso n ,  the acute an im als
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exhibited no changes in p la sm a  iro n  and zinc levels in re la t io n  to the 

contro l va lues of 7. 43 and 127 lig /m l; how ever, the m agnesium  control 

value of 8. 3 p g /m l  exper ienced  a significant d e c rea se  of 10 p e r  cent. 

The gen era l ized  organ  d e c re a se s  in copper content a re  re f le c ted  by 

a doubling of the contro l p la sm a  copper concen tra tion  value of 0. 30 

pig/ml.

C hronic  v e rs u s  C o n tro l . Depletions of 20, 50, and 30 p e r  

cent w ere  o b served  in base  line values of 7. 43, 1. 27 and 0. 20 p g /m l  

fo r the i ro n ,  zinc, and copper content of the p lasm a; how ever, the 

p la sm a  m agnesium  content rev ea led  no change from  the base  line 

v a lu e .

F e c es

Chronic v e r s u s  C o n tro l . F e c a l  content of the contro l an im als  

av erag ed  1. 5 d ry  weight (200. 2 mg a sh /a n im a l/d a y ) ,  while the chronic 

end rin  t re a tm e n t  an im als  averaged  0. 55 g d ry  weight (5. 5 mg a s h /  

an im a l/day ) .  C hronic  endrin  t re a tm e n t  an im als  ex c re te d  0.0062 pg 

of iro n /d ay ,  while the control an im als  e x c re ted  0. 0073 pg of i ro n /d ay . 

The chronic group e x c re ted  495. 4 pg of m a g n es iu m / day and the con ­

t ro l  an im als  e x cre ted  111.8 pg of m ag n es iu m /d ay . No zinc was d e ­

tec ted  in the feces of the endrin  t r e a te d  an im als ;  how ever 0. 0202
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| ig /day  w as  e x cre ted  by the con tro l r a t s .  The con tro l  an im als  e x ­

c re te d  0. 0057 lig of c o p p er /d ay  which co rre sp o n d s  to tw ice as m uch 

copper a s  the chronic t re a tm e n t  value of 0. 0024 pg/day; how ever, the 

con tro l t re a tm e n t  feces averaged  four tim es  as m uch ash content as 

the chron ic  ra ts ;  consequently , the concen tra tion  of copper in the 

feces  f rom  the chron ically  exposed  an im als  was h igher than  the con­

t ro l  va lues .

Urine

Ch ron ic  v e rsu s  C o n tro l . The con tro l an im als  had  a u r in a ry  

output tha t averaged  15. 5 m l /a n im a l /d a y ;  w h e re a s ,  th is  volume 

dropped to 9 .6  m l /a n im a l /d a y  for the chronic  t r e a tm e n t  r a t s .  Chronic 

endrin  t r e a tm e n t  re su l ted  in an in c re a s e d  u r in a ry  ex cre tion  of iron  

from  2, 52 p g /m l  (daily to ta l 39 pg) to 5.1 p g /m l  (daily to ta l  49 pg). 

M agnesium  u r in a ry  ex cre t io n  followed the sam e p a tte rn  of in c re a s e ,  

r is in g  from  a non-de tec tab le  leve l in  the con tro l u rine  to 2. 1 p g /m l  

which co rre sponded  to a daily e x c re t io n  of 20 pg for the chronic  a n i­

m a ls .  The deviation in zinc ex cre t io n  was of the opposite d irec tion : 

con tro l va lues  of 1. 50 p g /m l  (total of 23 pg/day) dram aticcilly  d e ­

c re a s e d  to 0. 102 p g /m l which re p re se n te d  an ex cre t io n  to ta l  of 0. 98 

pg /day . The concen tra tion  of copper rem a in ed  constant at 0 .1 4  

p g /m l ,  but the reduced  u r in a ry  volume of the chronic  an im als  r e -
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su ited  in  a d e c rea se  of to ta l daily copper ex cre t io n  of 2. 17 to 1. 34 pg.

M etals

Iron

Of the five o rgans exam ined  during acute intoxication, th ree  

(kidney, sp leen  and h ea r t)  ind ica ted  s ignificant changes in the concen­

tra t io n  as well as the tota l iron  p re se n t .  In all cases  w here  a lte ra t io n s  

w ere  observed , they w e re  in c re a s e s  and except for the sp leen , these  

in c re a s e s  p a ra l le led  in c re a s e s  in the o rgan  s ize . Only two organs  

(liver and brain) m ain ta ined  the co n tro l levels  of i ro n  and th is  o c cu r red  

in opposition to in c re a s e s  in the s ize  of the o rg an s .  Since the concen­

tra t io n  of th is  m e ta l  in the RBC and p la sm a  did not change significantly , 

the m obiliza tion  of i ro n  into var ious  o rgans  apparen tly  did not occur 

at the expense of the blood.

The re su l ts  of the chron ic  study w ere  s im ila r  to those of the 

acute in  that th ree  o rgans  ind ica ted  changes in the i ro n  p re s e n t  while 

two organs  (brain  and spleen) rem a in ed  e ssen tia l ly  unchanged; f u r th e r ­

m o re ,  w here  a lte ra t io n s  did o ccu r ,  they w e re  m an ife s ted  a s  in c re a s e s .  

While the behavior of iron  in the chronic  t i s su e s  could not be r a t io n a ­

lized  on the  basis  of changes in the var ious  o rgan  s ize  p a r a m e te r s ,  

the o b se rv ed  increase  was supported , a t  le a s t  in p a r t ,  by d e c re a se s  

in the p la sm a  and feces  and an in c re a s e  in the u rine  which c o r re la te d
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■with the in c re a se s  in the concen tra tion  in  the kidne’y.

M agnesium

The acute t re a tm e n t  t i s su e s  re v e a le d  s ignificant changes in  

the concen tra tion  a n d /o r  to ta l m agnes ium  p re se n t  in a l l  five organs 

examined. In each  case  w here  a l te ra t io n s  w ere  o b serv ed  during this 

t re a tm e n t  in c re a s e s  w ere  noted except for the b ra in  and l iv e r  which 

dem o n stra ted  d e c re a se s .  In the h e a r t  and kidne-y, the in c re a s e s  in 

m agnesium  p a ra l le led  in c re a s e s  in o rg an  s ize  while  the changes in  

the spleen, l iv e r ,  and b ra in  w ere  in opposition to the reac tio n s  of 

the o rgan  size p a ra m e te r s .  The m obiliza tion  of m agnes ium  into the 

h e a r t ,  sp leen and kidney w as apparen tly  acqu ired  at the expense of 

the l iv e r ,  b ra in ,  RBC, and p la sm a.

Of the five o rgans exam ined  during chronic exposure  only the 

l iv e r  dem o n stra ted  an in c re a se  in  the m agnes ium  levels  while the 

h e a r t  and sp leen  indicated  net lo s se s  and the kidney and b ra in  r e ­

m ained  at contro l leve ls .  The in c re a se  in the to ta l  as well as concen­

tra t io n  of m agnesium  in both the u rine  and feces ind ica tes  a net loss  

of th is  m e ta l  from the ch ron ica lly  exposed anim al. This lo s s ,  as 

well as that amount t ra n s p o r te d  to the l iv e r ,  was apparen tly  .supplied 

by the spleen and h e a r t  s ince a l l  o the r o rgans  along with the RBC 

and p la sm a, rem a in ed  e ssen tia l ly  unchanged.
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Zinc

The re su l ts  of the exam ination  of a ll five acute t re a tm e n t  

organs re v e a le d  in c re a s e s  in the concen tra tion  a n d /o r  to ta l zinc 

p re sen t .  In a ll cases  except the spleen, the in c re a s e s  in the to ta l 

m e ta l  c o r re la te d  with in c re a s e s  in o rgan  s ize . In the case  of the 

kidney and h e a r t ,  the in c re a s e s  in  the total as  well as the unit con ­

cen tra tion  of zinc, in view of the in c re a se d  o rgan  s ize , indicate  that 

acute t re a tm e n t  effected a m a rk e d  influx of this m eta l  into these  two 

o rgans . The ob se rv ed  in c re a s e s  o c cu r red ,  at l e a s t  in  p a r t ,  a t  the 

expense of the blood, specifica lly  the R B C .

During chronic in toxication, only two organs  (liver and k id ­

ney) ind icated  changes in th e ir  zinc lev e ls ,  and in  both ca se s  these  

w ere  in c re a se s  which o c c u r re d  at a consis ten t o rg an  size . A ll other 

organs s tudied m ain ta ined  con tro l levels  of th is  m e ta l  in spite of 

changes in the organ size  p a ra m e te r s .  While the observa tions  of 

zinc in chronic t is su e s  could not be explained on the b a s is  of changes 

in v a rio u s  o rg an  size p a r a m e te r s ,  the in c re a s e s  appeared  to be s u s ­

tained by d e c re a se s  in  the p la sm a ,  RBC, feces , and u rine .

Copper

Of the o rgans  exam ined  during acute exposu re , the l iv e r ,  

spleen, b ra in , and h e a r t  d em onstra ted  significant d e c re a se s  in both
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the unit concen tra tion  and to ta l  copper p re se n t .  In a ll  c a se s ,  the 

o b served  d e c re a se s  w ere  in opposition to changes in the s ize  of the 

o rgans ; th e re fo re ,  extensive o rg an  lo s se s  of th is  m e ta l  o c cu r red .

The kidney was the only acute ly  exposed  organ  tha t  m ain ta ined  contro l 

levels  of copper ,  and again th is  was accom plished  co n tra ry  to an in ­

c re a se  in o rgan  s ize . The o b served  d e c re a se s  in o rgan  copper w ere  

supported  by an in c re a se  in the concen tra tion  of th is  m e ta l  in  the 

p la sm a . This  suggests  tha t the kidney is the ta rg e t  o rgan  fo r the 

m obilized  copper and that the p la sm a  is  the vehicle re sp o n sib le .

E xam ination  of a ll  the o rgans of the chronic  t re a tm e n t  r e ­

vealed  significant changes in the concen tra tion  a n d /o r  to ta l copper 

p re se n t  in  th re e  o rgans  ( l iver ,  kidney, and spleen). In the l iv e r ,  

the concen tra tion  d e c re a se d  without any changes in e i th e r  the to ta l 

copper content o r  the weight p a r a m e te r s ,  while in  the sp leen  the 

total d e c re a se d  along with significant d e c re a se s  in the o rgan  weight 

p a ra m e te r s .  The kidney w as the only o rgan  which m an ife s ted  in ­

c r e a s e s  and this was o b served  even though th e re  w ere  no changes in 

the o rgan  s ize . Only two organs  (brain  and h e a r t)  m ain ta ined  control 

levels  of copper and th is  o c c u r re d  while the o rgan  weights rem a in ed  

at con tro l  le v e ls .  In gen era l ,  the copper was m obilized  out of the
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t i s s u e s ,  the RBC and the p la sm a  into the kidney. This supports  the 

observ a tio n  tha t the kidney is the ta rg e t  o rgan  for copper m obilized  

during endrin  intoxication. Since copper was t ra n s p o r te d  to and 

accum ulated  by the kidney, the d e c rea se  of this m e ta l in the urine 

suggests  that i ts  m o lecu la r  a sso c ia t io n  (possibly ceru lop lasm in) p r o ­

hibited  i ts  excre tion .



CHAPTER VI 

SUMMARY AND CONCLUSIONS

This investigation was concerned  with the m e asu re m e n t  of 

endrin  effects as evidenced by a lte ra t io n s  in the concen tra tion  and total 

quantities of i ro n ,  m agnes ium , zinc, and copper in the l iv e r ,  kidney, 

spleen, b ra in ,  h e a r t ,  red  blood c e l l s , p la sm a, u r in e ,  and feces of the 

adult m ale  Holtzm an albino r a t .  T h irty -tw o  anim als  w ere  random ly 

divided into a control group of 10; a group of 12 which rece iv ed  a 

single acute dose of 25 m g /k g  of body weight; and a chronic  group of 

10; which rece ived , over an 8 -day period , 4 doses  totaling 8 m g/kg  

of body weight.

B ased  on a s ta t is t ic a l  analysis  of over 1,500 de term ina tions  

made throughout th is  investigation , the following conclusions have 

been drawn:

1. In general, acute exposure  had m ore  effect on o rgan  size 

than did chronic  exposure . Typically  this was m an ifes ted  as s ignificant 

in c re a se s  in the p r inc ipa l organ s ize  p a ra m e te r s  in the acutely exposed 

anim als  while the sam e observations  made during chronic exposure

88
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indicate  no appreciab le  change. The exception o c c u r re d  in the spleen, 

which indicated changes in s ize  during chronic  r a th e r  than acute  in ­

toxication and the changes w ere  d e c re a s e s  r a th e r  than in c re a s e s .

2. Acute tre a tm e n t  seem ed  to have m o re  effect on m e ta l  

m obiliza tion  (concentration  as  well as  to ta l o rgan  content) than did 

chronic  exposure . The g en era l p a t te rn  w as  significant in c re a s e s  in 

iron , m agnesium  and zinc and significant d e c re a se s  in  copper. It 

w as o b served  tha t w henever both i ro n  and m agnes ium  in c re a s e d ,  zinc 

a lso  in c re a se d .

3. As m ight be expected, each o rgan  p re sen te d  an individual 

p a t te rn  of t r a c e  m e ta l  content and changes due to  end rin  intoxication.

Of the organs studied, the b ra in  was the m o s t  r e s i s ta n t  to change in 

organ s ize  and m e ta l  content. This  w as espec ia lly  evident during 

chronic  exposure . The sp leen  and h e a r t  (in that o rd e r)  had  the g re a te s t  

num ber of significant a l te ra t io n s ,  the m o s t  s ignificant m ob iliza tion  of 

m e ta ls  above and beyond con sid e ra tio n s  for o rgan  size p a ra m e te r s ,  

and in g en era l ,  the g re a te s t  m agnitude of m e ta l  re sp o n se s .  The 

kidney and l iv e r  w e re  next in o rd e r  of change.

4. In g enera l ,  the acute a n d /o r  chronic  endrin  t re a tm e n ts  

re su l ted  in in c re a s e s  in the iro n  content of a ll  o rgans  but the  b ra in .

The o rgan  iro n  in c re a se  w as not at the expense of the blood nor w as 

it appreciab ly  re f lec ted  by its  change in  the u rine  and feces .
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5. Acute exposure  appeared  to effect a m agnes ium  m ig ra t io n  

into the o rgans  at a g re a te r  ex tent than did the chron ic  t re a tm e n t .  

C hronic  t re a tm e n t  did not a l te r  m agnes ium  concen tra tion  in the blood 

■while the ex cre t io n  of m agnes ium  w as  g rea tly  in c re a s e d  (principally

in the urine).

6. In those o rgans  w here  the zinc content was a l te red ,  the 

d irec t io n  w as always an  in c re a se .  This o rg an  zinc in c re a se  appeared  

to be a t the expense of the red  blood cell  and p la sm a  (except for p la sm a  

zinc of the acute t rea tm e n t) .  The in c re a se d  re q u ire m e n t  for zinc in 

chronic  exposure  w as defin itely  re f lec ted  in the  reduced  u r in a ry  and 

fecal ex cre t io n  of zinc; in fac t, fecal zinc e x c re t io n  dropped to a non- 

de tec tab le  value.

7. Acute t r e a tm e n t  effected em phatic  changes in  both the 

to ta l and the concen tra tion  of copper in  the l iv e r ,  sp leen , b ra in ,  and 

h e a r t .  The kidneys w e re  the only o rgans  in  which th is  m e ta l  rem a in ed  

at co n tro l  lev e ls .  The la rg e  amount of copper thus m obilized  was 

m an ife s ted  by a 5-fold in c re a se  in  its  concen tra tion  in the p la sm a .

On the o ther hand, during chronic  exposure , the kidney was the only 

o rgan  which ind ica ted  an in c re a s e  in copper. The suggested  ro le  of 

the kidney as a ta rg e t  o rgan  for th is  m eta l  is supported  by copper d e ­

c r e a s e s  in the spleen, RBC, p la sm a ,  and fe c e s .  The d e c re a se  in the 

to ta l amount of th is  m e ta l  pass in g  in  the u r in e  ind ica tes  a kidney
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re ten tion  and im plies  that the m obilized  copper is  a sso c ia ted  with a 

m olecu le  (possibly ceru lop lasm in) that is not subject to appreciab le  

excretion .

8. The following m e ta l  a l te ra t io n s  should be fu r the r  studied 

as  possib le  additional toxicological tools for chronic  endrin  exposure: 

(a) the appearance  of m agnes ium  in the u rine  along with an in c rease  

in this m e ta l  in the feces; (b) m a rk e d  d e c re a se s  in the fecal and u r i ­

n a ry  zinc leve ls ;  and (c) significant d e c re a se s  in  the concen tra tion  of 

copper and zinc in both the RBC and p lasm a.
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APPENDIX I

AN EXAMPLE O F  THE STATISTICAL TREATMENT 

APPLIED TO ALL DATA



I l l

CONCENTRATION OF COPPER IN THE LIVER

Concentra tion in u g /m g  of ash

Replications Control Chronic Acute

1 0.20 0. 14 0.032

2 0. 14 0. 12 0. 025

3 0. 14 0. 19 0.031

4 0. 16 0.08 0. 030

5 0. 18 0.13 0. 029

6 0. 14 0. 07 0. 027

7 0. 20 0. 08 0.021

8 0. 13 0. 05 0. 031

9 0. 13 0. 18 0. 034

10 0. 11 0. 12 0. 039

11 - - 0.024

SX 1. 53 1.16 0.323

X 0. 15 0.12 0.029

EX^ 0.2427 0.1540 0.0097

(SX)^/N 0.2341 0.1346 0.0095



2

2^2 =SX̂  -(aX)f
n

,2

112

0 .0 0 8 6  0 .0 1 9 4  0 .0 0 0 2

0 . 0 0 1 0  0 . 0 0 2 2  0 . 0 0 0 0 2

n-1

s

Ex i^  -  = 0 .2424 - 0.2341 = 0.0086
N

2 _ .  2
1 = # 1

-1
Q.- 0086 = 0 . 0 0 1 0

THE ANALYSIS OF VARIANCE FOR ANY NUMBER 
OF GROUPS WITH UNEQUAL APPLICATION

Location X ^ / r .  B^xfj  =^(X-j-X2)^
j j j

Control  10 1.53 0.15 0.2427 0.2341 0.0086

Chronic  10 1.16 0 .12 0.1540 0.1346 0 .0194

Acute 11 0 .323  0.029 0.0097 0.0095 0.0002

Total  31 3.013 0 .299 0.4064 0.3782 0.0282

C o r re c t io n  fac to r  = C =—----  = = 0. 2928
2 r i

Total  Sum Squares  =S x ^  - CUij

Total  SS = 0.4064 - 0.2928 = 0.1136



113

T rea tm e n t  Sum 
Squares

T r e a tm e n t  SS 

E r r o r  SS

X.
- C =

X,
+

1

0. 3782 - 0.2989 = 0.0854 

to ta l  SS - t r e a tm e n t  SS 

0.1136 - 0. 0854 = 0.282

X 
+ t. - c

ANALYSIS OF VARIANCE SUMMARIZED

Source of Varia tion df SS MS F

Among t r e a tm e n t s 2 0. 1136 0.0568 56. 80*

Within t r e a tm e n t s 27 0. 282 0.00101 -

Total 29 - -

S t = ^ E r r o r  MS 1 / JL + 
d 2 ^r^ rj)

+ - p )  for 10 and 11 rep l ica t ions  “ ~ 0.095

4 - ( ~  + —) for 10 and 10 rep lica t ions  = —( i  + ^  = 0.1
2 'r{  Tj ^ 2 10 10

E r r o r  MS + “ ”) = / E r r o r  MS - ^ ( 0 . 1 + 0 . 1 )  =
■J

l & r r o r  MS (0.1)

(fo. 001 (0.095) = i/o. 000095 = 0. 00948

0. 00948 X 3.04  = 0.02888 

yO.OOl (0. 1) = ^ 0 .0 0 0 1  = 0. 01 0. 01 X 2. 90 = 0. 0290
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3. 04 f rom table A. 7 Steel & T o r r i e  for 0. 05 level 3 + 28° df. 

2.90 f rom table A. 7 Steel & T o r r i e  for 0. 05 level 2 + 28° df. 

The m eans  of t rea tm en t  are  ranked  from highest  to

lowest.

A - 0 .15 ,  B - 0. 12, C - 0. 029

A - C  = 0.15 - 0.029 = 0. 121
0. 121>0. 02888 Sig. difference

A - B = 0.15 - 0 .12 = 0.03
0.03Z>0.29  Sig. difference

B - C = 0. 12 - 0. 029 = . 091
0. 091>0. 0290 Sig. difference
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T A B L E  2

TISSUE WEIGHTS FOR CONTROL RATS

Tissue G ram s

Wet Ash Mois tu re Volatile

X 10.26456 0.19005 6.929 3. 15

Liver 1.26126 1.90180 0. 593 0. 13

n 10 10 10 10

X 1. 11244 0.01600 0. 786 0. 340

Kidney s2 0.00588 0.00213 0.0027 0. 01122

n 10 10 10 10

X 0.64758 0.01290 0.477 0. 157

Spleen s2 0.00896 0,00190 0.0061 0.00033

n 10 10 10 10

X 1.55128 0. 02549 1. 174 0. 341

B ra in 2s 0.01468 0. 01617 0.0093 0.00111

n 10 10 10 10

X 1.12381 0.01412 0. 842 0. 267

H ear t 0.00777 0.00117 0. 0044 0.00056

n 10 10 10 10

F e c es X 1.23421 0.16808
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TA B L E  3

TISSUE WEIGHTS FOR CHRONIC RATS

Tissue G ram s

Wet Ash Mois ture Volatile

X 9. 82125 0 . 2 1 4 9 1 6. 647 2. 96

Liver 2s 2.01366 1.96285 0 . 9 9 6 0. 16

n 10 10 10 10

X 1.11445 0.01416 0. 815 0. 286

Kidney 2s 0.01249 0.00111 0.0079 0.00056

n 10 10 10 10

X 0 . 5 3 9 5 1 0.00935 0. 397 0. 133

Spleen 2s 0.01607 0.00513 0.0102 0.00056

n 10 10 10 10

X 1.63062 0.02471 1. 251 0. 352

B ra in s2 0.00843 0. 00335 0.0058 0.00033

n 10 10 10 10

X 1.09027 0.01202 0. 811 0. 262

H ear t 2s 0. 01290 0.00194 0.0082 0.00067

n 10 10 10 10

F eces X 1.04760 0.10657
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TABLE 4 

TISSUE WEIGHTS FOR ACUTE RATS

Tissue G ram s

Wet Ash Mois ture Volatile

X 13.07622 0.34942 8. 871 3.86

Liver 2s 2.44518 11.30552 1. 144 1. 01

n 12 12 12 12

X 1.24330 0.01698 0. 917 0. 309

Kidney 0.01156 0.00376 0. 0082 0.00045

n 12 12 12 12

X 0,69270 0.01304 0. 525 0. 155

Spleen s ' 0.01114 0.00294 0.0061 0.00073

n 12 12 12 12

X 1.65609 0.02697 1. 280 0. 349

Bra in 2s 0.01046 0. 00632 0.0063 0.00036

n 12 12 12 12

X 1.29144 0.01574 0. 976 0. 299

Hear t s ' 0.00879 0.00277 0.0050 0.00045

n 12 12 12 12
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T A B L E  5

T O TA L, M EAN CONCENTRATION AND VARIATION O F
IRON IN ASH O F  INDICATED TISSUE

Control Chronic Acute
T i ssu es Total

|ig fig/mg
Total
Mg Mg/mg

Total
Mg Mg/mg

X- 392.65 2. 12 533.31 2. 63 527.75 1 .64
Liver 2s 6743. 18 0. 23 11283. 30 0 .82  11512.40 0. 25

n 10 10 10 10 12 12

n 19. 33 1. 19 26. 16 1.86 40. 40 2. 38
Kidney s^ 80. 08 0. 25 30.55 0. 15 115.16 0. 45

n 10 10 10 10 12 12

X 50.16 3.97 53. 14 5. 66 86. 6 6. 75
Spleen 266. 6 2. 18 355.40 1.71 1187.42 8. 28

n 10 10 10 10 12 12

X 11.66 0. 46 10. 06 0.41 10. 38 0. 39
B ra in s^ 6. 36 0.0022 1.68 0.0033 16. 10 0. 023

n 10 10 10 10 12 12

X 28. 08 1.99 33. 63 2.80 48.25 3. 14
H ear t s'^ 10. 35 0. 047 37. 35 0 .16 133.56 0. 61

n 10 10 10 10 12 12

X 1049.4* 1078.0* 1052.0*
RBC 259. 6 68.2 540. 2

n 10 10 11

X 7. 43* 5.82* 6. 99*
P la s m a s-̂ 2. 70 2. 44 2. 40

n 9 10 12

Urine X 2. 52* 5.1*

Feces X 0.00036 0.00113

E x p r e s s e d  in p g / m l .
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T A B L E  6

TO TA L, M EAN CO NCENTRATIO N AND VARIATION O F
MAGNESIUM IN ASH O F  INDICATED TISSUE

Control Chronic Acute
T i s su es Total Tota l Tota l

Mg Mg/mg Mg Mg/mg Mg Mg/mg
1335.63 7. 1 1853.50 8, 7 1662.07 5. 0

Liver 89739.83 0. 4178 106244.69 0.4122193972. 01 1. 6645
n 10 10 10 10 12 12

X 121,12 7. 6 115.68 8. 2 156.80 9. 3
Kidney s*̂ 209.63 0.2378 160. 79 0.1400 227.61 0.9527

n 10 10 10 10 12 12

Spleen
X

s2
83. 54 

416.03
6 .4
1.4489

64.11 
283.44

6.8
0.2578

121.4
120.92

9. 3
0.8154

n 10 10 10 10 12 12

X 151.2 6. 0 165. 7 6. 7 119.4 4. 5
B ra in s^ 824.70 0.9222 221.80 0. 1889 266 .14 1.0327

n 10 10 10 10 12 12

X 129.1 8 .8 114.5 9.5 169.6 10.9
H ear t s^ 384. 27 0. 3244 142.81 0.1222 51.67 2.1636

n 10 10 10 10 12 12

X 23.5* 21.9* 17. 5*
RBC

n
22.50
10

19. 62
10

12.59
12

X. 8.3* 7 .8* 7.4*
P la s m a s - i

n
0. 32 

10
0.16  

10
0. 61 

12

Urine X 0. 0 * 2. 1*

F eces X 55. 34 90. 08

'E x p r e s s e d  in p g /m L
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TA B L E  7

TO TAL, M EAN CONCENTRATION AND VARIATION O F
ZINC IN ASH O F  INDICATED TISSUE

Control Chronic Acute
Tissues Total Total Total

X

s2
n

Y g P - g / m g Pg Pg/mg Pg Pg/m g

Liver
182.77 
494.52 

10

0.99
0. 022 

10

225.30 
2045. 47 

10

1.07
0.051

10

259.26
2488.07 

12

0.83 
0. 12 

12

X 16. 31 1.02 17. 76 1.26 28. 22 1.69
Kidney s^ 7. 4 0. 0156 6.9 0.043 17. 30 0. 127

n 10 10 10 10 12 12

X 9.94 0. 77 8. 60 0.89 17. 52 1. 39
Spleen s^ 1.91 0.0022 11.42 0. 109 4.88 0 .44

n 10 10 10 10 12 12

X 14. 14 0. 56 13. 63 0.55 18. 84 0. 62
Bra in s^ 6. 35 0. 008 4. 15 0. 005 2. 35 0. 008

n 10 10 10 10 12 12

X 13.48 0.96 11.72 0.97 22. 00 1.41
H ear t s^ 1.57 0.0033 3. 46 0.0075 4. 53 0. 044

n 10 10 9 9 12 12

X 17.4* 10. 3"' 11. 1*
RBC s^ 61.75 8. 64 6.81

n 10 10 12

X 1. 27* 0.63* 1.21*
P la s m a s^ 0.0478 0.0133 0.2518

n 10 10 12

Urine X 1.50* 0. 102*

Feces X 0. 001 0. 0

'E x p r e s s e d  in  y g /m l .
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T A B L E  8

TO TA L, MEAN CONCENTRATION AND VARIATION O F
C O P P E R  IN ASH O F  INDICATED TISSUE

Control Chronic Acute
T issues Total Total Total

pg pg /m l pg P g/m l pg p g /m l

X 26. 77 0, 15 24. 66 0. 12 10.58 0. 029
Liver s^ 19.56 0.0010 24.24 0.0022 11.04 0.00002

n 10 10 9 10 11 11

X 6. 23 0. 39 9.09 0 .64 7 .4 0 .44
Kidney s^ 5. 21 0. 0194 4. 76 0. 0133 5. 37 0.0222

n 10 10 10 10 12 12

X 0. 92 0. 07 0.59 0. 07 0. 62 0. 048
Spleen s^ 0. 04 0.00034 0.0188 0.00062 0.0036 0. 00064

n 10 10 9 10 12 12

X 3.51 0. 14 3. 57 0. 14 1 .74 0. 065
Bra in s^ 0.49 0.00027 0.23 0. 00074 0.09 0.00014

n 10 10 10 10 12 12

X 4. 27 0. 30 4 .03 0.33 2. 33 0. 150
H ear t S-^ 0.92 0.0038 0. 68 0.0058 0. 38 0.0019

n 10 10 10 10 11 11

X
>!«

0. 40 0. 27* 0. 30*
RBC s^

n
0. 0042 

10
0.0029

10
0.0332 

12

X- 0. 20* 0.63* 0. 49*
P la s m a s^

n
0.00049

10
0.0120 

10
0.0168 

12

Urine X 0. 14* 0. 14*

F eces X 0.00028 0.00044

‘E x p r e s s e d  in p g /m l .
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T A B L E  9

SUMMARY OF F-VALUES FOR INDICATED COMPARISON 
OF THE THREE TREATMENT GROUPS

Analysis Liver Kidney Spleen B ra in Hear t

Fe ,  to ta l  j a g s 6.54* 16.56* 7. 13* .836 18.51*

Fe ,  J i g / m g  ash 6.36*
»

13. 01 4.89* 1.36 23. 00*

M g ,  total  J i g s 5.12* 27.83* 35.87* 6.92* 49. 70*

M g ,  f i g / m g  ash 43.15" 18.12* 33.58* 19.19* 13.69*

Zn, to ta l  J i g s 9. 22 43. 12* 43. 36'' 22.36* 77.84*

Zn, p g / m g  ash 2.50
*

19.55 21. 37* 2. 76 81.50*

Cu, to ta l  p g s 67.25* 4. 03* 64.44* 47. 18* 18.32*

Cu, p g / m g  ash 56.80* 9.28* 6.25* 60. 00* 34.64*

Wet weight 18.09* 7. 00* 5. 83* 3.15 9.23*

Ash weight 15. 04* 9. 08* 13.73* 1.73 18.75*

M ois tu re 5. 27* 8. 31* 5.96* 4. 71* 14. 92*

Volatile 17.60* 1.83 3.62* 2.56 9.06*

^Significant - at the 0, 05 level.
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T A B L E  10

COMPARISON O F  MEANS BY DUNCAN'S NEW 
MULTIPLE-RANGE TEST

Analysis  

Fe ,  total  yigs

L iver  

B C A

Kidney 

C B A

Spleen 

C B A

Bra in  

A C B

H ear t  

C B A

F e ,  jag/mg ash B A C C B A C ^ A A B C C B A

Mg, to ta l  )igs B C A C A B C A B B A C C A B

Mg, p g /m g  ash B A C C B A C B A B A C C B_A

Zn, to ta l  pgs C B A C B A C A B C A B C A B

Zn, p g /m g  ash B A  C C B A C B A C A B C B A

Cu, to ta l  pgs A B C B C A A C B B A C A B C

Cu, p g /m g  ash A B C B C A A B C A B C B A C

Wet weight C ^ C ^ C A B C B A C A B

Ash weight C B ^ C A B C A B C A B C A B

Moisture C ^ C B A C A B C B A C A B

Volatile C A B A C B A C B B C A C A B

A --C o n t ro l ;  B - -C h ro n ic ;  C --A cu te .

Non-s ignif icant d if fe rences  indicated by underscor ing .
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T A B L E  11

ANALYSIS OF DIFFERENCES IN THE RED BLOOD CELLS 
BY ANALYSIS O F  VARIANCE AND DUNCAN'S NEW 

MULTIPLE-RANGE TEST

Red Blood Cel ls

Metals Control Chronic Acute F -Values DNMRTV

Total p.gs Fe 1049.4 1078.0 1052.0 0.868 B C A

Total  ]igs Mg 23.5 21.9 17.5 6. 17* A B C

Total  iigs Zn 17.4 10.3 11.1 6.32* A C B

Total  ugs Cu 0.40 0.27 0. 30 2.03 A C B

A --Contro l ;  B - -C h ro n ic ;  C --A cu te .

Non-significant di fferences  indicated by underscor ing .

TALBE 12

ANALYSIS OF DIFFERENCES IN THE PLASMA BY ANALYSIS 
OF VARIANCE AND DUNCAN'S NEW M U L T IP L E - 

RANGE TEST

P la s m a

Metals Contro l Chronic Acute F  -Values DNMRTV

Total ugs Fe 7. 43 5.82 6.99 2. 68 A C B

Total  figs Mg 8. 3 7. 8 7 .4 5. 37* A B C

Total  figs Zn 1.27 0.63 1.21 11.05* A C B

Total  figs Cu 0. 20 0.63 0. 43 45. 73* B C A

A --Contro l ;  B - -C h ro n ic ;  C --A cu te .

Non-significant d if ferences  indicated by underscor ing .
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TABLE 13

ANALYSIS O F DIFFERENCES IN THE HEMATOCRIT RATIOS 
BY THE ANALYSIS O F  VARIANCE AND DUNCAN'S NEW 

MULTIPLE-RANGE TEST

T rea tm e n ts  Contro l  Chronic  Acute F  -Value DNMRTV 

X 46.90 49,75 52.88 5.69* C B A

2.27 7 .74  37.18

n 10 10 12

A --C on t ro l ;  B - -C h ro n ic ;  C - -A cu te .

Non-significant  di fferences  indicated by unde rscor ing .


