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ABSTRACT 

Zinc; copper;  t o t a l  proteins;  albumin; globulin, t o t a l  bilirubin; ASAT 
and ALAT w e r e  de te rmined  in serum of 41 bi lharzial  pa t ien ts  with 
various d e g r e e s  of per iportal  t r a c t  f ibrosis (PTF). Zinc and  copper  
in liver biopsies w e r e  also measured in addition to t h e  intrasplenic  
por ta l  pressure.  13 pa t ien ts  showed m o d e r a t e  P T F  on his topathological  
examinat ion.  Ten of them h a v e  agreed  to r e c e i v e  z inc  sulphate.  7 H20 
orally in gelat inous capsules  t.d.s for  15 days. Each p a t i e n t  rece ived  
75 mg zinc/day.  The  s a m e  p a r a m e t e r s  w e r e  again de te rmined  a f t e r  
z inc  therapy.  

In a l l  pa t ien ts  (11 male  + 30 female) ,  t h e  d e g r e e  of P T F  showed 
inverse cor re la t ion  with liver z inc c o n t e n t  and d i r e c t  cor re la t ion  
with s e r u m  z inc  level. Also P T F  showed inverse cor re la t ion  with 
both serum and liver copper.  However a f t e r  z inc  t r e a t m e n t  in p a t i e n t s  
with m o d e r a t e  PTF, t h e r e  was a marked  increase  in l iver zinc c o n t e n t  
amounted  to 82% while se rum z inc  was unchanged. Both s e r u m  & 
liver copper  concent ra t ions  w e r e  s ignif icant ly  decreased  by 45% & 
38% respectively.  Liver funct ions showed marked  improvement  following 
z inc  t r e a t m e n t .  The d a t a  r e f l e c t e d  good t h e r a p e u t i c  e f f i c a c y  of zinc 
sulphate  capsules  in amel iora t ing  t h e  effects of bi lharzial  l iver fibrosis. 
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INTRODUCTION 

HAMADA ET AL. 

High z inc  uptake  by t h e  schis tosomes h a s  been recorded  which 
can  r e f l e c t  reduced a m o u n t  of z inc  in t issues  of t h e  i n f e c t e d  host  (I) .  
Tissue z inc  def ic iency c a n  resu l t  in ser ious complicat ions.  Growth  
re ta rda t ion ;  gonadal dysfunction; increased blood a m m o n i a  and u r e a  

and a l t e r e d  e n z y m a t i c  ac t iv i t ies  in d i f fe ren t  metabol ic  pa thways  
a r e  among t h e  adverse  effects of zinc def ic iency (2-4). Zinc h a s  

proven ro le  in maintaining normal  immune func t ions  and  in maintaining 
t h e  in tegr i ty  of cel lular  membranes  ( 5 ,  6 ) .  

Zinc and also copper  have  a role  in l iver diseases.  The  l iver  

conserves  copper  even when t h e  c e n t r a l  nervous system; spleen; 
connec t ive  tissue & bone marrow a r e  severly a f f e c t e d  by copper  
def ic iency (7). Zinc has  been used ef fec t ive ly  in t h e  t r e a t m e n t  of 
excessive l iver-copper precipi ta t ion in Wilson's disease (8). Altera t ions  
in serum zinc have been found in p a t i e n t s  with schis tosomal  l iver 
fibrosis (9). Altera t ions  in collagen biosynthesis and c r o s s  links h a v e  
been found in z inc  def ic iency (10). 

The present  s tudy dea ls  with t h e  t h e r a p e u t i c  e f f i c a c y  of o r a l  

z inc  supplementat ion in p a t i e n t s  with schis tosomal  per ipor ta l  tract 
fibrosis. The modulatory e f f e c t  of z inc  therapy  on s e r u m  and liver 

concent ra t ions  of both copper  and z inc  h a s  been a l so  invest igated.  

MATERIALS AND METHODS 

Four ty  o n e  p a t i e n t s  (11 f e m a l e  and  30 male)  with in tes t inohepat ic  

schistosomiasis in t h e  a g e  r a n g e  of 19-35 years  w e r e  se lec ted  f r o m  
t h e  inpa t ien t  sect ion,  Al-Hussein University Hospital ,  Cairo.  They 

w e r e  subjected to full  cl inical  examinat ion and they  w e r e  f r e e  f r o m  
any o t h e r  disease. Non of them had received any previous ant ibi lharzial  
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Z I N C  T H E R A P Y  ON L I V E R  F U N C T I O N S  2257 

therapy. Stool examinat ion  revealed t h e  presence  of S. mansoni eggs. 

Another  group of t e n  heal thy subjec ts  (3  f e m a l e  and 7 male)  w e r e  

also invest igated.  

Measurements  of per ipor ta l  t r a c t  f ibrosis (PTF)  w a s  done  for  

a l l  pa t ien ts -a f te r  the i r  agreement-using e y e  p iece  m i c r o m e t r y  on 

s ta ined  sections of l iver needle  biopsies. The  l iver biopsies w e r e  

taken  by special is t  surgeon using Vim Silverrnan needle  biopsy. The  

histopathological examinat ion was c a r r i e d  o u t  on paraf in  sec t ions  

of t h e  l iver t issue s ta ined with hematoxylin-eosin a n d  Manson's t r i -  

chrome.  According to t h e  his topathological  examinat ion  of liver 

biopsies, t h e  p a t i e n t s  w e r e  classi f ied i n t o  t h r e e  groups. T h e  f i r s t  

one  consis ted of t e n  pa t ien ts  without  ev ident  PTF. The  second group 

involved th i r teen  p a t i e n t s  wi th  m o d e r a t e  P T F  (M - + SE: 26.46 - + 2.31 u). 

The third group consis ted of t h e  remaining e ighteen  p a t i e n t s  with 

sever  P T F  (M - + SE: 43.75 2 1.62 u). 

Intrasplenic  por ta l  p ressure  (ISPP) w a s  measured  in all p a t i e n t s  

according to t h e  method of Reynolds et al. (11). Fas t ing  serum samples  

w e r e  obtained f r o m  t h e  p a t i e n t s  and cont ro l  subjec ts  for  t h e  colour- 

m e t r i c  de te rmina t ion  of t o t a l  bilirubin (12); ASAT and ALAT (13); 

t o t a l  prot iens ,  albumin and total globulins (14, 15); copper  and z inc  

by a t o m i c  absorption (16). The  t w o  e l e m e n t s  w e r e  a l so  de te rmined  

in t h e  l iver biopsy homogenate  of e a c h  p a t i e n t  a f t e r  digestion with 

10% te t ramethylammonium hydroxide. 

Ten pa t ien ts  with m o d e r a t e  P T F  h a v e  agreed  to rece ive  ora l  z inc  

therapy. The mean value - + SE of P T F  in those  t e n  w a s  29.7 - + 5.88 u. 

Zinc sulphate.  7 H 2 0  (El-Nasr Company,  Abo-Zahbal, Egypt)  was 

capsula ted  in soft gelat inous capsules  (Memphis Company,  Egypt) 

e a c h  conta ined  25  mg zinc. The p a t i e n t s  w e r e  given z inc  capsules  

t.d.s. o n e  hour b e f o r e  m e a l  (75 mg/day)  f o r  cont inuous 1 5  days. During 

t h a t  period, no  o t h e r  medicat ion was given. Adminis t ra t ion of z i n c  
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2258 HAMADA ET AL. 

capsules  before  meal  was in order  to o v e r c o m e  food-phytate  in te r fe rence  

with z inc  absorption. All pat ien ts  w e r e  on sa tandard  hospital  d i e t  

during t h e  period of t r e a t m e n t .  During z inc  t r e a t m e n t ,  p a t i e n t s  

w e r e  asked for  any possible gas t ro in tes t ina l  t roubles  eg. dyspepsia,  

nausea,  vomiting, const ipat ion ... etc. 

Fast ing serum samples  and l iver biopsies w e r e  t a k e n  f r o m  t h e  

ten  pa t ien ts  at t h e  end  of 15-days z inc  t r e a t m e n t .  T h e  samples  

were  subjected for  de te rmina t ion  of copper  & z inc  in serum a n d  

liver and for  de te rmina t ion  of serum t o t a l  bilirubin, ASAT, ALAT, 
t o t a l  proteins,  albumin and t o t a l  globulins by t h e  methods  ment ioned  

before.  T h e  d e g r e e  of P T F  a f t e r  therapy  was evaluated.  

RESULTS 

Histopathological examinat ion of liver biopsies showed t h a t  

in pa t ien ts  without  ev ident  f ibrosis  (Group A: 3 f e m a l e  and 7 male),  

bilharzial  ova  was present  in 4 cases only and bi lharzial  pigment  

was present  in 6 cases. In p a t i e n t s  with m o d e r a t e  PTF (Group 6: 3 

f e m a l e  and  10 male),  bilharzial  o v a  was present  in 9 cases and  l a r g e  

PTF was d e t e c t e d  in 11 cases with granulomatus reac t ion  and  chronic  

inf lammation in 6 cases and in te rs t i t i a l  f ibrosis in 4 cases. In p a t i e n t s  

with sever  PTF (Group C: 5 f e m a l e  and  13 male),  bilharzial  o v a  w a s  

present  in 9 cases a n d  bilharzial  pigment  was  present  in 14 cases a n d  

la rge  PTF was present  in a l l  cases with granulomatus  react ion a n d  

chronic  inf lammation in 13 cases. The  intrasplenic  por ta l  p ressure  

(ISPP) in t h e  t h r e e  groups showed marked d i f fe rences  and  it was  

posit ively c o r r e l a t e d  with t h e  d e g r e e  of PTF (Table  I). 

Evaluation of l iver funct ions in bilharzial  p a t i e n t s  r e f l e c t e d  t h a t  

p a t i e n t s  with m o d e r a t e  PTF (Group 8 )  and s e v e r  PTF (Group C )  h a v e  

decreased  serum albumin level assoc ia ted  wi th  increased serum globu- 
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ZINC THERAPY ON LIVER FUNCTIONS 2259 

TABLE (1) 
Effec t  of Periportal T rac t  Ftbrosis (PTF) on the lntrasplenic Portal  
Pressure (ISPP) and Liver Functions in 3 Groups of Bilharzial Pat ients  
( A 1  SE) and liver functions in normal subjects. 

~ ~~ 

Group (A) Group (B) Group (C)  Group (D) 
n= LO n=13 n=18 n=10 

3F + 7M 3F + IOM 5F + 13M 3F + 7M 

b,c a,c a,b 
PTF (microns) 2.38 2 1.21 26.46 2 2.31 Q3.73 2 1.62 - 

b,c a,c a,b 
ISPP (rnm H20) 189 2 13 238 13 304 2 18 

Serum Total Proteins d d d a,b,c 
( g m W  6.8 2 0.2 6.9 2 0.2 7.1 2 0.1 7.8 fi 0.2 

Serum Albumin b,c,d a,d a,d a,b,c 
(gm%) 4.0 0.1 3.1 50.2 3.3 2 0.1 5.1 2 0 . 1  

~ ~~ ~ 

Serum Globulins b,c a,d a,d b,C 
(gm O/O) 2.8 2 0.2 3.8 2 0.2 3.8 2 0.1 2.7 2 0.1 

~ 

d d d a,b,c 
Serum ALAT (u/ml) 31.7 2 3.2 42.7 5 5.6 34.6 2 3.2 19.5 2 5.2 

S .  Total BiIirubIn(mg%) 1.06 5 0.02 1.1 2 C.02 1.04 2 0.1 0.95 0.05 
~ 

n: Number of pat ients  in each group. F & M female and male. 
a,b,c,d: Significantly different from groups A, 8, C and D respectively 

at P 0.02 

l ins compared  wi th  those  without  ev ident  fibrosis (group A). P a t i e n t s  
with sever  P T F  showed marked increase  in serum ASAT. Serum t o t a l  
bilirubin was normal  in t h e  t h r e e  groups. The  t h r e e  gorups of bi lharzial  
pa t ien ts  showed dis turbed l iver funct ion when c o m p a r e d  with heal thy 
controls.  

Serum z inc  level  showed posit ive cor re la t ion  (P 0.05) with t h e  

d e g r e e  of PTF. Serum z inc  in pa t ien ts  with sever  P T F  was  significantly 

( P  0.02) higher than  in those  without  o r  wi th  m o d e r a t e  fibrosis (Table  
2). On t h e  cont ra ry ,  se rum copper  showed n e g a t i v e  cor re la t ion  (P 0.05) 
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HAMADA ET AL. 2260 

TABLE ( 2 )  
Effect of Periportal Tract Fibrosis (PTF) on Serum and Live r  Concen- 
trations of zinc and Copper (MzSE) in addition to Serum Levels of 
Control Subjects. 

Group (A) Group (8)  Group (C) Group (D) 
n=10 n=13 n=18 n=IO 

No PTF ModeratePTF Sever PTF Normal 

Serum zinc d a,c,d a , W  a,b 
(ug/dL) 1 2 2  7.5 305 z 19.5 4 2 0  2 14.6 9 3  2 4.5 

Liver zinc b?C a a 
(ug/gm wet tissue) 1 8 6  L 14.3 117 2 7.4 110 8.5 

Liter Copper b,c a,c a,b 
(ug/gm wet tissue) 96 3.2 7 6  2 3.3 57 2 3.2 

n: Number of patients. 
a,b,c,d: Significantly different from groups 4, 8 ,  C and D respectibely 

a t  P 0.G2 

with t h e  d e g r e e  of PTF. The t w o  groups with m o d e r a t e  a n d  sever  P T F  

showed markedly high serum z inc  level  and low copper  level  compared  

with normal  subjects.  Both z inc  and copper  in liver biopsies showed 

negat ive  correlat ion ( P  0.05) with t h e  d e g r e e  of P T F  (Fig. 1). However  

t h e  group with sever  P T F  showed s ta t i s t ica l ly  non s ignif icant  d e c r e a s e  

in liver z inc  c o n t e n t  compared  with t h e  groups having m o d e r a t e  

fibrosis. 

Administration of z inc  su lpha te  (75 mg/day for  15 days)  to p a t i e n t s  

with m o d e r a t e  P T F  (29.7 - + 5.88 u) caused  s ignif icant  ( P  0.05) i n c r e a s e  

in serum albumin toge ther  with marked d e c r e a s e  in serum globulins. 

Also, se rum ALAT showed s ignif icant  ( P  0.05) d e c r e a s e  a f t e r  z inc  

therapy.  ASAT showed a d e c r e a s e  which was s ta t i s t ica l ly  non signifi- 

c a n t  (Table  3). Although t h e  invest igated l iver funct ion indexes showed 

improvement  a f t e r  z inc  t r e a t m e n t ,  y e t  they  w e r e  s t i l l  d i f f e r e n t  

f rom t h e  hea l thy  cont ro l  values (Table 1) which might  be re la ted  to 

t h e  relat ively short  durat ion of t r e a t m e n t .  
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ZINC THERAPY ON LIVER FUNCTIONS 2261 

Zinc I 
Copper 

Moderate PTF , Severe PTF 

FIGURE (1) 
P e r c e n t  Change in Zinc and Copper  in P a t i e n t s  
with PTF Compared  with Those Without Evident  
Fibrosis. 

Both serum and liver copper  concent ra t ions  showed marked  ( P  0.05) 

d e c r e a s e  a f t e r  z inc  therapy  (Table  4). On t h e  o t h e r  hand, l iver z inc  

c o n t e n t  showed s ignif icant  (P 0.05) increase  but  se rum z inc  concent ra -  

t ion was  unchanged (Fig. 2). 

Adminis t ra t ion of z inc  sulphate  in such small  divided doses did n o t  

resul t  in any remarkable  gas t ro in tes t ina l  disorders  in all pat ients .  
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2262 HAMADA ET AL.  

TABLE (3) 
Effect of Oral zinc Sulphate Administration (25 mg ZnS04.7 H 2 0  t.d.s. 
for 15 days) on Liver Functions in Bilharzial Patients With Moderate 
PTF (29.7 _+_ 5.88 u)  

Mean of 10 patients SE 

Before zinc After zinc 

Serum Total Proteins (gm%) 6.9 - + 0.15 7.2 2 0.1 
* 

Serum Albumin (gm%) 3.3 2 0.1 3.9 - + 0.1 
* 

Serum Globulins (gm%) 3.6 2 0.1 3.2 f 0.1 

Serum ASAT (u /ml )  31.8 - + 1.8 42.5 - + 5.5 
~ ~~ ~~ ~ ~ 

Serum ALAT (u/ml)  40.6 - + 4.1 27.5* - + 1.9 

Serum Total Bil i rubin (mg%) 1.07 - + 0.02 1.09 2 0.03 

*: Significantly different from the value before treatment a t  P 0.05. 

TABLE (4) 
Effect of Oral zinc Sulphate Administration (25 mg t.d.s. for 15 
days) on Serum Level and Liver content of zinc and Copper in Bilharzial 
Patients W i t h  Moderate PTF (29.7 u + 5.88 SE) - 

Mean of 10 patients 2 SE 

Before zinc After zinc 

Serum zinc (ug%) 304 - + 23.5 299 2 26.2 

Liver  zinc 
(ug/gm wet tissue) 131 - + 6.7 236* 2 12.4 

Serum Copper (ug%) 95 - + 5.4 59* f 4.3 

77 2 6.3 43* - + 3.5 L ive r  Copper 
(ug/gm wet tissue) 

*: Significantly different from the value before treatment of P 0.05 
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Z I N C  THERAPY ON L I V E R  FUNCTIONS 2263 

Zinc Copper 

FIGURE (2) 
P e r c e n t  Change in Zinc and Copper  in 
P a t i e n t s  with Modera te  P T F  A f t e r  15 d a y s  
Ora l  Adminis t ra t ion of Z n S 0 4  (75 mg/day).  

DISCUSSION 

Liver z inc  c o n t e n t  in bilharzial  p a t i e n t  showed n e g a t i v e  cor re la t ion  

with t h e  d e g r e e  of PTF. Such d e c r e a s e  in l iver z inc  could n o t  b e  

a t t r i b u t e d  to body def ic iency of this  e l e m e n t  s ince serum z inc  concen-  

t ra t ion  was markedly high compared  with its level  in normal  subjects.  

The c a u s e  might  b e  t h e  r i se  in intrasplenic  portal  p ressure  with conseq- 

uent  reduct ion in t h e  a m o u n t  of c i rcu la t ing  z inc  t h a t  reached  t h e  

liver. In addition, a f f e c t e d  hepatocytes  might  c o n t r i b u t e  in t h e  r e l e a s e  

of h e p a t i c  z inc  i n t o  circulat ion.  This concept  could find support  

in t h e  d a t a  of serum t ransaminases  which showed values  m o r e  o r  less 

a t  t h e  upper l imit  of normal  f igures  (Table  1). Similar l iver involvement  

in a lcohol ic  c i r rhosis  has  been accused  for an  increase  in urinary 

z inc  excre t ion  and d e c r e a s e  in hepa t ic  z inc  content  ( I  7). 
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The increase  in serum z inc  level  and serum globulins in bilharzial  

pa t ien ts  (Tables  1, 2) seemed consis tent  with t h e  findings of Prasad (18). 

The author  has  found increased serum level of alpha2-macroglobulin in 

bilharzial  liver fibrosis. Alpha -macroglobulin as well as ceruloplasmin 

exhibi te  specif ic  binding sites to z inc  (19). Similar increase  of s e r u m  

z inc  in bilharzial  pa t ien ts  has  been reported by S o l i m a n e t  al. (9). 

2 

Oral  adminis t ra t ion of z inc  sulphate  (75  mg/day)  resul ted in 

significant increase  of liver z inc  c o n t e n t  of pa t ien ts  wi th  m o d e r a t e  

PTF (Table 4). However serum z inc  did not  show any  marked  change.  

This could b e  explained on t h e  basis t h a t  protein binding sites of 
zinc in serum of pa t ien ts  with bilharzial  f ibrosis might  b e  s a t u r a t e d  

with zinc ions. So, t h e  exogenously adminis te red  z inc  might  be  m o r e  

readily taken  by t h e  liver t issue and  thus  provide an  essent ia l  p r o t e c t i v e  

mechanism for  t h e  diseased organ. The p r o t e c t i v e  effect of z i n c  

is evident  f rom its ro le  in maintaining t h e  in tegr i ty  of ce l l  m e m -  

branes (5 ) .  

Both serum level and liver c o n t e n t  of copper  showed negat ive  

cor re la t ions  with t h e  degree  of PTF in bilharzial  p a t i e n t s  (Table  2). 
Moreover,  oral  z inc  adminis t ra t ion caused fur ther  s ignif icant  reduct ion 

in copper  concent ra t ion  in serum as well  as liver (Table  4). T h e  

increase  in intrasplenic  portal  p ressure  might  cont r ibu te  in t h e  reduc-  

tion of liver copper  c o n t e n t  in t h e  s a m e  way as in case of zinc.  

A f f e c t e d  hepatocytes  might  also share  in this  e f f e c t .  However a 
state of body def ic iency of copper  might  m o r e  sa t i s fac tory  explain 

t h e  reduct ion in both liver & serum copper  before  as well as a f t e r  

z inc  adminis t ra t ion.  Both copper  & z inc  h a v e  been found to affect 

t h e  bioavailabili t y  of e a c h  o t h e r  through compet i t ion  for  protein 

binding sites in t h e  intest inal  wall  (20). Fur ther ,  z inc  has  spec i f ic  

property to bind with serum ceruloplasmin (19). Thus in view of t h e  

increased serum z inc  level in bilharzial  p a t i e n t s  both before  & a f t e r  

exogenous z inc  adminis t ra t ion,  re leased l iver copper  i n t o  circulat ion 
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and basal serum copper  c o n t e n t  might  b e  m o r e  readi ly  excre ted .  

Decreased  in tes t ina l  copper  absorption a f t e r  z i n c  adminis t ra t ion  

might  be  responsible for  f u r t h e r  reduct ion in both serum and liver 

copper  content .  The effect of z inc  therapy  to r e d u c e  serum and 

liver copper  in our  s tudy is analogous to t h a t  found in p a t i e n t s  with 

Wilson's disease following z inc  supplementat ion (8). 

Zinc therapy caused improvement  in serum pro te ins  and t rans-  

aminases  (Table  3). This might  b e  re la ted  to t h e  ro le  of z inc  in differ-  

e n t  metabol ic  processes  (18). Also, it  might  b e  r e l a t e d  to t h e  role  

of z inc  in maintaining t h e  in tegr i ty  of cel lular  m e m b r a n e s  ( 5 ) .  

In conclusion, th i s  s tudy points  to t h e  i m p o r t a n c e  of z inc  therapy  

as a p r o t e c t i v e  tool  in liver disease. Zinc t r e a t m e n t  may resu l t  in 

m o r e  promising benificial  effects i f  used for  longer per iods than 

in our study. Further ,  gas t ro in tes t ina l  t roubles  c a n  b e  overcomed 

by giving z inc  in divided smal l  doses  -as in t h e  present  study- a l lover  

t h e  day. 

1. 

2 

3. 

4. 

5. 

REFERENCES 

G.H. Booth and A.R. Schultert, Proc.  SOC. Exp. €301. Med., 

- 127, 700 (1968). 

A S .  Prasad, P. Rabbani, A. Abbasii, E. Bowersox and S. Fox, 
Ann. Int. Med., 89, 483 (1978). 

A S .  Prasad, Ann. Rev. Pharmacol .  Toxicol., 20, 393 (1979). 

S.K. Mahajan, A S .  Prasad, P. Rabbani, W.B. Briggs and F.D. 
Mc Donald, Clin. Res., 2, 2 6 7 A  (1981). 

M. Chvapil, C.F. Zukowski, B.G. Hattler, L. Stankova, D. Mont- 

gomery, E.C. Carlson and J.C. Ludwig, in "Trace  Elements  

in Human Heal th  and Disease"., A S .  Prasad,  ed., Academic  

Press,  New York, 1976, p. 269 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2266 HAMADA ET AL. 

6. J. Duchateau, G. Delepesse, R. Vrijens and H. Collet, Am. J. 
Med., - 70, 1001 (1981). 

1. Sternlieb, Gastroenterol. ,  78(6), 161 5 (1980). 7. 

8. T.U. Hoogenraad, C.J.A. Van Den Hamer and J.V. Hatturn, 
Br. Med. J., 2 (4), 273 (1984). 

9. L. Solirnan, S. El-Safieri, G.M. Megahed and G. El-Maola, Experi- 

en t ia ,  2, 280 (1975). 

10. F. Fernandez, AS. Prasad and D. Oberleas, in "Trace Elements  

in Human Heal th  and Disease"., A S .  Prasad,  ed., Academic  

Press,  New York, 1976, p. 257. 

11. T.B. Reynolds, S. Ito and S. Iwatsuki, Am. J. Med., 9, 649 (1970). 

12. H.T. Malloy and K.A. Evelyn, J. Biol. Chem.,  119, 481 (1937). 

13. S. Reitrnan and S. Frankel, Am. J. Clin. Pathol.,  28, 56 (1957). 

14. T.E. Weichselbaurn, Am. 3. Clin. Pathol.,  16, 40 (1946). 

15. S.R. Segade, O.M. Caarnano, J.C. Tutor and J.M. Paz, Clin. Chem. 

Newslet ter ,  1(2), 34 (1987). 

16. M.M. Parker and F.L. Hurnoller, Clin. Chem., I 1  (8), 803 (1965). 

17. P.W.N. Keeling, W. Ruse, R.B. Jones, P.J. Hilton and R.P.H. 

Thompson, Gut ,  3, 561 (1980). 

18- A.S. Prasad, Nutr.  Rev., 41 (7), 197 (1983). 

19. AS. Prasad and D. Oberleas, J. Lab. Clin. Med., 76, 416 (1970). 

20. E.J. Underwood, "Trace Elements  in Human and Animal Nutrition", 

4th - edi t ion,  Academic  Press,  New york, 1977, p. 56 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




