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Lo /’ . ducted to determine if bypassed patlents alsd dej,'

.&“

' ."l“cedure used to 1hduce welght lqss fn morb dly obese ln- v
dlvidugls. Deficiencies 6f calcium, potassium. magnesiuml-Fﬂﬁf*;'l;‘
- and 1ron have been repOrted !B Occur in. patxents whd' . '

v "‘f" I°'1"J‘ “‘_.,»:_

have underqone the. bypass operation.w This Study was con-,
PR W

"'l . FN :
zinc def1c1ency. <f . o f~q. o ~C"£@;g;.

zlncﬁstatus was. determlﬁed hy measurlng zlncllevels!in

' o

plasma, llver, muscle -and harr 1n 14 bypassed and 15 conb‘j

&

trol subjects. An atomlc absonptxon spectrophotometer was

-. B Q

LI

used to Measure the zlnc leVels 1n the tlssues studled. As :5._*“

7. B Lo

”",' some fatty metahbrph051s of the 11Ver f;equently results *‘j}” BT

from the bypass operatlon, the amount'of fat ln the liver ‘ ffpvl'

was~determined. ~Theﬁgﬂ§ect of fat lnflltraann on lihﬁr

D

zlnc conteqt was also assessed. e ;-f?lfzi'bl“f-; '"j»";
- 7‘;‘ Zlnq levels 1n Dlasma and ha1r were s;gnlflcantly i -
’ . . BT ﬂi . PR ] ‘[‘ e

lower 1n experlmental subjects than 1n controls, whereas,

[FITIR P R

1evels in’ llver and muscle samples were 51mllar 1n both"'

.

group54l Levels in llyer and muscle were w1th1n the normal

‘range,>whereas, the level 1n ha1r was at the lower llmlt

!

and plasma was less than normal Althodgh there was a ;' “:{”,."5_
* 3 ’ N
greater amount of fat in the llvers of experlmental sub»‘-.g
o S
2 N ,"_.4._

jects cOmpared w1th control subjects, this dlfference was

' - not szgnlflcant. As liver fat levels 1ncreased,,21nc levels. S
: bo‘ ' @ i

decrbqi" ‘ Thls relatlonshlp was 51gn1f1 A 'rWhen fat wasvfw

>




'  ' mental subjects, the zxnc‘&bﬂteﬁtﬂwas‘stillvw-ﬁﬁinwa‘hhrmaIWA;
: ‘ A T 7 A ‘

! L v s v . . T [
AT I P T ~ '_" . . ' B _,'—h-——f . .. - [ I KA B
D T q;nge.;,~ 2 .*»2‘V,urg R ‘;_w LS e ;%jv‘
o ' ’ LW . ' : o ‘Ai\' - >‘

;fﬁ; ::'L:Wﬂ-i Although the mean | zinc content Ln the piasma. liwer,‘
i" musqlek and halr frém p?;ientglyhgﬂhad_undergone.the bypass
;gf‘ operatlon was 1es§ than 1eve1s found4in control subjeets,‘ﬂ'
 J‘ﬁw? ﬁor only plasmn and halr was the d;fference sxgnifigant. L
" Based on the dat# obtaxggd rom thls study, the zinc status |

Wi

ﬁof the b?passdg p&tlent cann

'ﬁ,5 ‘.ru gslng,more ﬁubjects and addltlonal parameters 1s needed! L
. PR ",'.2\.. . 5 . T ] - _ S N o S‘.‘ ‘v
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. ’ﬂvrhid obesity is a ﬁatho.loqic agké thatt ’pond# o
' s T "
“4ﬁh poorly to the usual conservag?vtqmntﬂﬁas' 8 gishy © o
& | =
B mlldly obeae patient‘, The tailuq‘ o
b.," .

i

>,

>

the presaﬂng nature of the problem;» ' : )
~frevise qperations that will result“in'a‘ ‘iﬁ&ntaiﬁﬁyeight
R -

# loss. 'The intestinal bypass operatipn sety/aside a size—'

yZ pbrthn {80 90%) of: the jejunum and’ ileum wo that no
ch

e passes throuqh this portion.v'We1ghefioss occd*s igﬁ -

‘almost all patients. However' becauseﬂéf ﬁhe indpced mal-
I 2 ! s

absorption this. procedure is not'without complibatiQPs.

D1arr and steato rhea have led to lésses of calczum, ,L Co
f IR

potassxum, and maqne§ium and thus resuited 1n 1ow blood

-

levels.of these,mlnerals.etln view. of the fprega;ng,,ab-g.

/- a

ments, may also be depressed;ﬂ If so, varlous clipical
% .

symptoms may be :elated to mineral deficxencies Whlch are )”;,.i*'

v"& TR s ﬁ*—-&.—rw—'a_ ey

presently unrecognlzed because the nutrxtlonal §tatus 1n v:’

. Lk't sorptlon of bther nutrlentSo partxcularIYiDther trace ele- ,12

1 K S

respect to a Rumber of the trace elements has nat been

measured in the patlent with an 1ntest1na1 bypass Thisf‘

study was undertaken to determlne the z&nc status of 1ntes-fﬁa$

r
t1na1 bypass patlents as assessed by the determxnatlon of

the zinc content of plasma, 11ver, muscle and haLr




. h ':ily bbese .and whe ‘havé beeq unsuccessful m ;loﬁng weight; ".'. .

e A
&y 'by oxkntional means. ‘korbid obes&& ha‘bf"ﬁem Qefined %
N ‘ ’- . ! h k‘

: a we_ ht\ at least 100t pounds above o;_ do le idea‘l \ia:.ght PR L »

P @ﬁ .!',, o 2
‘bﬁ'object:ﬁe : .

»\,“v{‘«h

A | of such p ocedureg is%to decrease %bscrptn.cn of -ﬁood ar(c’t .

[N : .

thus\ ul mately to achie\re loss o‘f bddyepvelgh?: . 'rhe most ‘ ‘,'.;'_' ;\.3
- * e " : e
aemon procedure used mcally As«pm@hd-e&veda Je;umo ,ge:- @r P’
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pdst—operapive the number of patients with severe meta-
morphosis graduailyldecrcases so that by 2000“to'2500 {5

‘days, about 50% -have normal livers on microscopic exam-
N i L]
. . ,

ination (58). . B - ’ -,

A

. ' i
The importance of| zinc in human physiolcgy/”
ul, | .

in&%934, Todd et al. (74) repérted that zinc was‘
necessary for.life in animalsfénd suggestedlthat it was
probably an esseh;ial element fof man. Essentiality in

manxﬁu;finally shown in 1963 when Prasad ct a1.'(495 ob-

served a %inc deficiency syndrome in man .and when Sandsteéd
ct.al. (60) reported in 1967 that:the syndrome could be
: troatoa with zinc. | |

Zinc is‘a very ihﬁottant cofactor in a'number of .
c-zymes (43). It is essential for the activity of carbo;—

ic anhydrase in the red blood cell (RBC). This enzyme is

.

.

réqu;roﬂ for the reversible dchydration of carbqnic acid,
a proéess.crit;cal to the rapid tranébort and elimination
of CO,. -SeQeral cnzymes necessary for cellular oxidation,
such as_huﬁan alcohol déhfdroqénase are also zinc éepenf

deill The function of zipc in the synthesis oijNA, RNA,

and protein hag been summarized in-ghe redicw by - Halsted
et 1. (19).  If zinc is lacking, then synthesis of all

three substances is inhibited1

The role of zinc in carbohydrate metabolism is still

ol N ] -
controversial. OQuarterman et al. (52) have shown'a decreased



~) . . cil ) . ' s - ) .

. r ’

glucosc tolefanco in zinc-deficicent rats. Macpinlac et al.
!
. (35), on the other hand, did not find any differcnce-in
e A R ST

fasting blood sugar, or in glucose tolerance curves be-
Y ' -
tween zinc-deficient and control rats., Zinc has been found

[

to influence’ the in vitro transport and utilization ’o'f

L7

glucose acrosS'fat epididymal fat pad membranes (51). Al-
though insulin contains zinc, it is not known if the zinc
is required for the biological activity of insulin (19)..

The exact role of zinc in carbohydrate metabolism has not

. yet been clucidated.

Zinc deficiency ‘ . ‘ g

A

. . R -
The nrevalence of zinc deficiency: Zinc deficiency can |

-

’ résult from several causes. - If the diet is low in zinc,

‘.' or high in chelating aqgents, ofka combinatioh o% both, a
- deficiency state_may.éécur. The diet consumed by some 'i%.
Ifanian‘villaqers (2)'is.an cxampie of one y?ich can result
inlé deficiehcy.géate, Their diet contains large amounts’
% ’ -
of cereals and grains and, therefore, is lower in zine ,

i

content than one containing more meat (61). The high phy-
.tate level in_the hnleavened, wholemeal bread is thought

to chelate zinc thus further reducing Ehevavdilable zinc
: ' o . . '
for absorption (56). Reinhold et al. (54) have questioned

the importancé of a zinc-phytate compléx in contributing to

zinc deficiéncy and have proposed that the binding of

‘zinc by the fiber itself is of greater importance. Zinc
{ ) . .
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L7 'O

‘such .ag" malabhorthon and steatorrhea (30) .

o . » ‘ . . - P
Ve oL ' . ‘ v e

deficicncy may also occur!secondary to digestiVe disptdebs

s

. The dcf1c1cncv qyndromt was first thought to be lim~

1tcd to males becadse ‘thmre is a con51derably gher con~- .

R R

~centratlon oﬂ zinc in the testes than in the ovaries. How-

ever, two cases of females-with zinc def1c1ency symptoms

‘have noQ'been doeqmented (17):

SxmptOﬂs of zinc def1c1en_x Clinically, zinc de-

flCanLy results in severe lron def1c1ency anendia, ‘open
TN W ' A
eplph{SlS, hepatosplenomegaly, spoon nails, and hypo—

«

gonadism. Impaired wound heallng and growth retardatlon
result_‘rom.defectlve ‘collagén deposi tlon, as zinc is -
recnvred for the production of 'DNA and RNA needed for coln'

fe v

lagen aYhthCSlS (l’) Some indlv1duais-exh1b1t rough skin -

‘with . hwoerplgmentatlon,’ahd'frequently a history of,geo~f

phagla‘(ﬁQ)-g?Loss of taste (hypogeusxa) and smell (hypos—

(3mia)vhave been'shccessfully treated w1th 21nc (20, 23\\%7

H”vover,'not only zinc, but also copper and nlckel appear

to have a role in the mechanlsm of taste as all of these

‘trace elements are effective in treating hypogeusia‘(22).

»

Factors that affect zinc ‘status

. Dietary intake of zinc: The”average Fanadian diet'con4'

talns llberal amounts of anlmal proteln and prov1des 5 to.
6 mg of zinc per 1000 kcal (8). Thls is based on the ‘!;ump—

tion that 60% of dietary zinc is derived from meat, fish,



L

-tlvely, should be‘readlly met. However,

kcal as thelr"ﬂfets are usually hlgher in

of absorptlon is the duodenum followed by

R R . T B . i . o v -
.. . . . .
’ ) . f ’ \ . o .
. B . ! o | Co . "
. LY . O . - . .
. ) o R
L “

and poultry - Therefore, %mc recommend d 1ntake of 9 and .-

-.10 .mg- per,daymfor”nnrmal adult_females¥“nd males, respec-

he diet of by~

passed patlents may not contaln 5 ‘to 6 ‘mg f,21nc-per 1000

than'ls the averaqe dlet (58).  Osis et al. ( 2) have shown

_that the Zinc” content of carbohydrate -rich 'feods Bs 1ower

H

than that of proteln r1ch foods. Pa‘lents who have under-

Pl

"'gone the bypass operatlon usually continue- to eat.hlgher

)

than normal amounts of food 1; thus, a high carbohydrate

dlet4may or ‘may.not lead to‘marginal zinc intakes as‘patients
QUantlty of food eaten. _"- S ,ﬁ;

InteStinal absorption of zinc- The site and'meehanism
\

" of zinc absorptlo has begen studled in a number of dlfferent"
-3

_spe01es-but not in ﬂhe human. In the rat: the major 51te

evlleum and then.
AR ‘
the jejunum (9) Studles by Methfessel and %pencer (37)

.showed that absorptﬂon in the 1leum and Jejugum was nearly
.

‘1dent1cal Absorptlon from the stomach,'cecum,'and colon

i i

is very low and does not contrlbute materlally to the over-

“all absorptlon of 21hc.

l’
Evans ‘et aqu(IO) have proposéd the follow1ng equenbe'

1. personal communication, P.A. Salmon.
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3

as. tho mechanlsm of . abSOrptlon. l) thefpapcreaS-Secretes“

y

9 ly to serum’ 21nc levels

‘”/upon “ine absorptlon. Furchner and Rlchmon

/

. sorption (44) Therefq\\? accordlng to the theory of
‘:b‘ | K

Evans et al.¢(lO) 21nc absorptlon ;s 1nversely proportlonal—

a zlnc blndlng llgand into the 1ntest1nal lumen,"Z)Azinc
blnds to the llgand yn the Lumen; 3) the zinc- 11gand comq,'

plex is abklvely *ransported through the. lntestlnal micro—;'

\

v1llus and lnto the eplthellal cell; v4)'1n the eplthe—

) : O :
‘lial. cell, zinc 1s.transferred to bln;ing sites on the

.basolateral olasma membrane;~ 5). meta ~-free albumln in- ’
teracts Wlth the plasma membrane and removes zinc from ;he .

receptor sités. The quantlty of metal- free albumln/avall-

[]
able at the basolateral membrane determlnes the amount of

zlnc removed from the 1ntest1nal eplthelaal cell and thuS'j‘

l

/regulates the quantlty of 21nc that\enters the body. Al—7d“

though the proteln,qz—macroglobulln, contalns 30 to 40%
5 :

of. the total 21nc content of Serum, 1t 1s thought to playﬁ.

o /
only a mlnor role, 1f 1t part1c1pates at’ all 1n‘zlnc ab-

. t

’ X "
B e

-

The level of zinc in the - dlet hah

a<variable'effeq

»

that the prev1ous zinc status of an anlmal affect,_ the'

amount of dletary 21nc absorbed. Rats were fed varlous‘
S ;

.levels of zinc for 28fdays and then glven an oral dose of .

SZn;' Anlmals fed dlets low in 21nc retalned more'of the,
6 Zn than. dld those whose zinhc nutrlture was’ better _ The

authors studled one human male and found 51m11ar results
Kl "‘, J‘.‘. . i .

- ]
.

(14). showed .
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- Supplylng higher levels of dletary 21nc, the total amount

5
0,

1 - 'absorbed can be sllghtly 1ncreasedtwhile,at the same tlme',_ Qa

e

fthe p:: lcent absorbed decreases.‘;', ”'fﬂ ;_',lSV'
A number. of other dletary chtors also affects the :‘
eabsorptlon of zine.. The additlon of calc1um and phytate
' to-a low-zinc® dlét fed CthkS and rats decreases the'. fj‘h*}*l;'
”-avallablllty of zinc (S, 27) ‘ The effect of calc1um 15" .
‘medlated by phytlc ac1d ' Zlnc ls'dade unavallable by ; '4fil.b
i ‘-.elther co- prec1p1tatlon by or adsorption to a calclum-phy-y o
l tate. complsf (41)( Diets c0ntain1ng protelns of plant seed
"_orlgln, such as Goy proteln, haVe a lower z:an avallablllty “
fthan do dlets contalnlng a,gmal piotelns such as caseln hA- t@@;f;

“(39) Plant seed protelns contaln\substantial amounts of

_-\-.,

o . - i
' a-vf"phytlc ac1d, whlle anlmal protelns

ontain none.-‘Spencer

?;¥ (68) fed dlets contalnlng low ‘nd high amounts of

7ca1c1um’to 5~men.' They found that thé varylng levels of 7

L : rcalc1um d1d not affect absorptlon of 65 nf They also noted 'rh,ﬁ

».p~~that the dlet was: low'ln phytlc a¢1d and that thls could

'explaln why zinc absorptlon was unchanged. v'\
b L :

) Relnhold et al. (54) have recently presented ev1dence.'

that flber ln unleavened, wholemeal breads may be. respon-t

S

Slble for blndlng large amounts of 21nc.. Zlnc appears tof-*' ;

i

b1nd flrmly to both bran and cellulose Pnd does not. seem IR W

to be released 1n'the‘1ntest1ne by the dlgestlve enzymesl"



¥ o _’,} ) . ' ’ ‘-h“ R .
U ‘-Nm.substance f\und in llve- ektlact (62), and the am1no;/7‘ ;
. B Co P L . . : i y
L .; acxi,cystelne (40) can qhelate.zfnc and thus 1ncrease 21nc ' [
‘ ( ‘g i L

1nteract10n is poorly understood 76) Iron, on the other .

hand decreascg theﬂabsorptlon of tlnc (76) ' Thls-may

' - occur because of the s1m11ar1t1es i A"patterns of absorptlon :

:Of'nge'@ a 65Zn as ‘found rn ligate 1ntest1nal segmentS'from
“-réts:?mp AR RS

Losses of. 21nc from the bodx- Roman (57‘ has shown
. . l l
. that in the normal 1nd1v1dual the urlnary loss of 21n€ '

T s about 0 5 mg/24 hours, whlch is agsmall proportlon of
g N .

the amount excreted from the body."The main eicretory

W

routc of 91nc appgirs to be v1a the gastr01ntest1na1~trést’f

AR (68) -~In normal 1nd1v1duals; dletary zinc can vary w1dely. R
. L N ¢ oy . . L
w1thout affectlno the z1nc level in urlne (66) Studles : ‘

conducted by McCancg;and Wlddowson (34) showed hdman sub—

jects to be 1n balance at all levels of 21nc 1ntake. Ine'-l
, .

: rea51ng the dletary 1ntake d1d no:f;ffect the amount of
: /

(

ib excreted in the urine but mat 1a11y 1ncreased the

ount of 21nc lost via the feces. In a- much’more recent

A_Spencer et al. (68) admlnlstered 652n orally and al—.

4

"And only a,small amount oF 21nc excreted 1n the urine.
. l [ -




The absorptlon of, zlnc may be altered 1n the patlent

S ~

{

;

'no‘ flnd a 51gn1f1cant dlflerence between the sexes. 3

in nair. Nets?y et al ‘(38) showed that the zinc content

w1th a bypass operatlon as they frequentfy suffer from

’

steatOrrhea (45) . This has been reported to be respon81b1ev

for a.: decrease ln the absorptlon of ca1c1um and magneslum

I

(4), and therefore could SLmllarly affect the absorption df

21nc (30) Eventually, thls could result 1n a decrease in

v
r

body stores- of zinc. . ‘f,, B o
Sweat losses of[21nc average about 500‘pg/1 (24), :

but can be as much as 2 5 mg/day under heavy sweatlng con—

dltons (75) T 7;‘ ‘pﬁ Q;“W\'ﬁﬂ: Lo ‘}l*

Sex and age of subgects~ 'Lindeman et'al (28) and

Relnhold (53) suggested that plasma levels of 21nc are

lower in females than males but Halsted et al. (18) d1d

$
N

i

Kleva/ (26) reported that sex had no- effect on 1evel of zlnc

e : Y
of liver, muscle, d halr 1s not affected by age, whlle
the.effect;of age on. plasma 21nc 1evels lS stlll centro—

, Ly

lvared o1 o : g o PR

.versial (18, 26): Lt e e e
IR 5" AL . ‘ e e N
AN o - g e

o

AR

-The'assessment of zinc status . R S

} .
' groups.. In,. 1972; Hambldge et al.ﬂ120) reported logblevels-

v . .-
b ".‘
4 ]

'ﬂ\ Fox (13) stated that 1n;the 51xtles, typlcal dally

1ntakes of zine 1n North Amerlca were con51dered to be ad—
e . “

equate as there were no known zrnc def1c1ent populatlon

»..(\

“n

)

of"21nc 1n halr, comb1ned dlth anorex1a, poor growth and .

'
! : . - - -‘

<y
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I

poor Qaste,acuity ln'supposedly healthy, nopmal children:

ol

vl

¢

S

in»Denver}‘Colo;ado. fMore"redéntl§fﬂgandstead'(§§7Mcon;"
ducted studles estlmatlng Lhc dlctary avallablllty of zinc.
His flndlngs suggcst that _some 1nfants, pregnant women,‘

teenage and college women; lnstltutlonallzed 1nd1v1duals

and some 11v1ng on’ nutrltlonally poor dlets because of

restrlcted ‘income can have a marglnal to deficient intake |

of this element. L

No,Lne 51mple and rellable method for the assessment . .

of zinc status is presently knOWn (13), thus several para-

y
meters shéhld be studled . The balance technlque has been

a cla551cal method used to study nutrltlonal requlrement of
33

'various nutrlents. This. technlque, although dafflcult may

prov1de a good ba51s for the assessment of .zinc. status, w1th‘

-

p051t1vc retentlon of 21nc by human subjects belng 1nd1ca—

tlve of 21n§ deflclency U51ng 65‘Zn, Prasadv (47) _showed
¥ . ' R
that plasma 21nc turnover ‘was increased, the 24 hHour ex- .

65

lchangeable pool dccreased and cumulatlve ekcretion of 'Zn'

in urine and stool was low in 21nc def1c1ent subjects. ‘Un-

!

“'fortunately, ‘the half—llfe of, 63n is 245 days and-there-"
. . - " ) ¥

can reflect the current status of an individual as the turn-

‘fore this isotope is’not regularly avallable;for.clinical

- use, (47, 48). S o : ) B .\'_,

The zinc content of vafiouS'bodY-tissues and fluids
can be used to establish status (13). PlaSma zinc levels

'
1

over rate of 652n in- plasma is very rapid'f67)., Spender



— et al+ _(57) have—-shqwn _that_ll_mlnutes_after a test dose

b

’ »
s
4
v

" dures (28), and other stressful 51tuat10ns such as myo—

_plasma 21nc levels 1n the normal adult.ta.,rtU

. i
P

12

of. 65Zn is- admlnistered, 20% of the test dose is retalned \

“in_the body After 24 hours, onay l 3% of the test dose

remains. Although the measurement of plasma zing is very

simple, there are a number of . factors« h1ch can affect

éﬁése levels (47). The effect of food intake has not -

-lreally been settlé&‘ ‘Davis et al.‘(7) found that the oral

!

dmlnlstratlon of 50. g of glucOse to. normal, fasted adults

I

resulted 1n a rapid fall mn plasma 21nc lewels followed

by a-return. to original levels within 2 hours..

Halsted (32), however, have reported that plasma levels

® -

" were 51m11ar whether blood samples were taken durlng fas-

. |
t1n~ or in a postprandlal state Zlnc levels in plasma'

have been shown to be temporarlly lowered in condltlons

'.suf-h as 1nfectlons (28), pregnancy (18), surglcal proce—

L

" cardial 1nfarct10n (28) Fox (13) concluded that further

work needg’to be done to establrsh condltlons that affect

o The zinc content of halr is thought to. reflect the

‘zinc status for the perlod of tlme over whlch the halr

r

grew (13) "Strain et al. (69) showed that suoplementatlon

“lof a qﬁnc deflclent dlet w1th zinc'sulfate resulted in a

0)
marked elevation of-21nc levels 1n halr. Thev concluded

that harr analy51s offered a 51mple and rellable method of

assesang 21nc‘stores, Hamblage et al.’ (20) found low. levels

L
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rt“me_ZlnC_ln<haLI collected—érem—suppesed}y—hea%thy—chridren————————‘
in Dcnver Levels 1ncreased w1th zinc supplementatlon. ; '
Klevay (26) tested the hypothe51s that yalr could be used

for ‘the assesgment of zlnc nutrlture in humans by studylng

18,
the relatlonshlp between the zZinc content of halr* red
\ .

blood cells, and plasma. He found \ no statlstlcally 51gn1—.

I

flcant relatlonshlp between the zine. content of the three -

parameters studled. As noted in a rev1ew artlcle (1)" a o '@

¢’

correlatlon would not necessarlly be’ expected as halr
freflects past nutrlture whereas plasma reflects more re—

cent nutrlture, current metabollsn or bothﬂ McBean et al

.H

(33) “also falled to flnd a p051tive correlatlon between ’ ;

\

zinc. levels in- halr and plasma samples collected from

'Iranlan chlldren.- Plasma Zan levels were" )udged to be low
. \ I
"anu yet ‘zinc content 1n halr from the same subJects was"1

-hlgn. The authors state that thelr data did not support

."the concl::;on that 21nc content of halr is a rellable para—t
‘meter to be used to Judge zinc stores.
SaLples obtalned from muscle -or 11ver would reflect '?ﬂf’
;:the zinc status of these tlSSueS . Such tlssues must be' ;
",surglcally obtalned and. are thus more dlfflcult to procure
ethan elthen halr or plasma Analys;s of. the zlnc content
of muscle and llver, from 1nd1v1duals who dled acc1dently,-

have been done by Tlptbn and Cook (ZB) and McBean et al.

(31) vIn all cases, the amount ;n muscle was sllghtly
. ; ' c i »
‘ grcater than the amount in llver. The-effect of dletary . ‘\
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.

\',
‘

in the hum&n. o E .

F E . , :
'_Slegel et a1. (64) studled the turnover rate of 1ntra—

v’

=venously admlnlstered 652n in a number of tlssues 1nclud1ng

liver and skeﬂetal muscle. \Of the tlssues studled liver

.fretalned the hlghest amount of the dose adm;nlstered where— n

as muscle had the lowest Level some 10 to 30 tlmes less

[

than llver.~ The turnover rate of 65Zn in l;ver was’ Judged )

" to. be" slow as some 4% of the dose was stlll ev1dent after

E L R . . N \’
174 days._ The small amount - of §5Zn accumulated by skeletaL

'.\' 4

_muscle dld not appear to change 51gn1f1cantly w1thv€§he.

'MSpencer et al. (67) dld a 51mxlar experlment and found that

K

after\?l days 652n concentratlon 1n llver was still one-quar—f
’ter of the amount present the flrst day | Ab0ut 2% of the

:-acrlnlstered dose wgs dep051ted in skeletsl muscle and thls

« \ )

'Rlevél was malntalncd for a prolongeﬂ perlod of tlme.

,_"\;ﬁ

in the rat dld not decrease w1th a dletary deflcmency.

v P B : P . \
N -t . S ! e R R

——

~'Sm1th et al.v(65) have reported'that llver zinc, levels

'change on 21nc levels in these tlssues has not been stud;ed________



x Twenty-nine subjects part1c1pated 1n the experlment.»
- - \ v
Flfteen were controls, of whlchyG were male. ‘The 14 ex-

perlmental patlents were all females.
Batlents who - served as controls varled in age from .
17 to 57 with a mean age of 33 Subjects Sere classzﬁged
3 lﬂt1'§ groups (Table I). Group A was comﬁﬁ:ed of 3 K}l

| "'patlents who underwent major upper abdomlnal surgery, there-

*,by daklng poss;ble the collectlon[of llver and muscle sam-

'.ples for 21nc ana1y91s. ;Plasma and halr';:mples were, aiso
collected from these patlents.a é;oup B were post-mortgm
1nd1v1duals who had dled suddenly. Halr, muscle and llver

' samplcs were collected from thls group MdBean et-al.'(31)

| had fouwd no 51gn1f1cant d1f erence in ilnc levels i"!lnpost:-

i@mortem.samples oﬁ,llder and muscle~from dlseased and non- o
.diseasedfeubjecte; Group C were healthy, non‘hosplta11¢€Er~

M RN . . - ot
*-‘indivi@gélnsy Plasma—aad halr samples were. obtaa.ned frqm

_this grou‘p o ) v : L T ‘, T. .\

Q

v
Bxper1mental patlents were those who had prev1ously

\.\.

undergone an end to—qu Jejuno termﬁnal lleostomy bypass

operatlon (58) and were agaln hosp1 ailzed for varylng reasons.

R

‘//They ranged 1n age from 22 to 50 years w1th a mean‘age of

37 (Tab]e II) leer and muscle samples wefe obtalned durlng

abdomlnal surgery whlch took plaCe from 240 to 4770 days

\

15
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!

after the bypass operation. Plasma and hair samples were
“also collected.’

ki e

/

Collection and storaqge of tissues used to assess zinc status

The zinc status in the bypassed patient was determined
by measuring zinc levels in liver, plasma, muscle, and

hair. Zinc cohtent of the,liver was determined in both

.
'

fat-containing and defatted, lean liver tissue, as fatty

metamorphosis of the liver is one of the consequences of

\

the intestinal bypass operation. . o : .

All containers and qiii§6£;e which would come in con-
. : ; | -

tact with tissue werec soak€ed dverniqht:in 2M nitric acid

and thén rinsed 5 times 'with deionized water to render

b

theh‘zincrfree: As rubber stoppefs contain high amounts of
z:nc, they were nét'used (l6). 'Containers vere stoppered
with Parafilm.; | | | )
Eight'millilitcr simples of blood were drawn by ven-
‘ous puncture with a glaSS'syringel Samples were collected
from cgpefimeﬁzal supjeqts and hospitalized control sub-
jects {(Group A; Table.I)‘Between 8 and 9 a.m. foliowing a
- 15 hour Qéernight'fast'and before thenéatient argse and be- -
camé physically aétivc.‘,Sampies from control>subjects in
Group C (Table i) were dollg;ted at 11 a.m. which was at

least 3 hours following breakfast and after sedentary acti-

s
—

vity.  If thefé’was'any indication of hemolysis, the blood

sample was discarded and replacement samples were drawn as -

18
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the RBQ has a much higher conechtratipn.ef-zinc thaA does
‘the plasma.(70). Oné-tenth ofa ﬁillilitcr,of a;nc—free-
sodi um citrqtef{40'mg/0}1 ml) was used as'thé}dntiéoagu;‘
lant (21). Red blood cells were rémoved by centrifujafionh‘

and the plasma stored at -20°C until used. Plasma}'rathér
. . . . $ '

, _ '
than serum, was used since the concentration of zinc in
' o

serum is 16% higher t;;:\Llasma because ‘of release of zirc -
I Lt )

!

from platelets during clotting (71).

Onc-half gram samples Qf liver and muscle (rectus ab-~

dominus) were obtained by surgical removal and stored at -
-20°C until used (11). L
At'the ‘same timc bldodvsamples were dréwn from sub—\

jects, 0.1 g samples of hair were collectcd from the nape

'

of the neck. Fach sample contalned recently grown hair;
no more than 2.5 cm dlstance from the scalp -Halr samples

: . /
: : .
were stored -in paper.envelopes until used.

,Me’asiiment of zinc T o j

A

71nc levels 'in all tissues. studled were measured u51ng

an. "Evans Electroselenlum Ltd. (EEL) atomlc absorptlon”
i i ’ i
spectrophotometer_(see'Appendlx IA).
/ , .

\

K. In plasma: The procedure of Prasad et al. (50) was

used te determine the amount of z%nc in plasma. Plasma

was depropeinated with trichloroacetic acid (TCA), }see.Ap—

pendix I B) and zing measured in the TCA fraction of.the

19 .



digest. Samples werc assayed in duplicate.

’B.: In livcr-"ZJnc ]ovels in llver were determlned

.- 2 B T T

uslngsa mod1f1cat1oh of the procedure of Fvenson et al.

'(ll).“ Modlflcatlon 1nvolved extractlon of tlssuejfat

/

-

with a Soxblet micro- extractlon apparatus (see Appendlx"
I C) and a scalIng up of Evenson's procedure so that larg
tlssue samples could be utlllz (see Appendlx I D). To
‘remove the conqamlnatlng effect of red blood Cells,_liver"

samples werc flrst washed wlth 10% reagent—grade formalin
! : '

- which contained no'detectable zinc,(38). Excess formalin

ples were assayed in tr1011cate

,using a modified versiOn oF»thc'methOd deScribed by“EvenSOn L

was removed by placing the tissde sample on a disc of /

cellulose filter.paoer. Théﬁwashed sample.was then diges—'

ted with nitric ac1d and zinc measured in the dlqest. Sam-

C. In muscle: Zimc levels'in muscle were determined.

et al.i(ll)i MOdlflcathnS ate descrlbed in Appendlx I D.
;t T N 1
All samvles were. assayed an trlpllcate.

I ¥

D. In hair: Halr samoles were washed accordlng to

”

the procedure of Relnhold et al (55) (sce Appendlx I E)
w A
A modlflcatlon of the method descrlbed by Pomeroy et al

(46) was used to determlne 21nc levels. .Hair samples were

acid. dnqested and zinc measured by means of atomlc abSorp—

tion spectrophotometry. Samples weré assayed in dqplicate.
i . - . - ' ° . .

]

.Il' . : . I
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‘E. -Preparation of d~calibrat&on curve: The ab—

sarbance ° of standard solut;ons contalnlng 0.5 ppm/to 6 O

"

21

ppm’of zinc 1n 0 5 qradatidns were detérmlned : 51n3 cbnr

:centratlon was plotted agalnst absorbance. To accountffor_

!

'small fluctuatlons 1n the Spectrophotometcr, the concen-‘

o .

f?»,-

.

'before and after the test samples were assayed Absore
| .

‘ /
’bance values reported are anAaverage‘of the tyo assays.r As

~ . .
Lo

theJStandard'curve changedffrem one set qfnanalySes to an--,

other, a new curVe was Tade ecach time ‘a group of samples
o , , P e FLOUE

[ : . A Y I .

.was‘run oo : f R C ‘ . S

The standard solutlons of 21nc (see Appendlx‘I F) were

prepared w1th nitric ac1d and USed for. the- assessment of

zinc in nuscle, llver and‘halr,‘wh;le-tr1ch10roacet1c-ac1d ,'

‘CT;_)JK25) was dsedf%% prepare the‘.tandard’solptrons faff
“the assessment,ofiai;c1iniplasma/(gjcnpmiLlimeiarﬁHNQ3 and -
0.01% fCh werc uscd for blanks, respectively. =~

F. Analysis of data: Ueanstand_stendard error_ofethe

‘ mean were'caleulated for each parameter'measured; ‘Doubtful

!

.observatlons were rejected accordlng to the procedure des— S

&

' cribed by - Brumblay (6). - To test the 51gn1f1cance:of.d1f~ f

.ferences petween tissue/zfﬁé levels Qf‘the control.- and the
“experimental groups, an unpalred t—test was'used, The cor-
rclation'coeffiCient'ﬂr" was used to exprcss the relatlonshlp

between days since the bypass operatlon and tlssue zinc

\

levels. as well as between per cent llver(fat and_llver zine

. / . _ ‘ ]
levels. . o :



[ _,’r{Es‘u.rj&'/s. AND DISCUSSION .=

" 2inc levels in plasma. | S - \

v . . ". - ' ) . M : : , ﬂ . .
YCOntrol“subjccts had'a‘mean plasma'zinc-level of
'f76‘pg/100 ml (Table III) Thls value falls w1th1n the",'

range of772 to 115 pg/lOO ml whlch Halsted and Smlth (18).
reported as normal but is lower than the mean of 96‘pg/100
- ml whlch these authors had found Sub]ects l 3 (Grouo A)

- had a mean plasma level of 76‘pg/100 mlv#hzth was 1dent1—:ff'
{
' cal to the mean found ‘in samples taken from Group C (sub—
jects 8 - lS) Blood from subjects in. Group A had been

drawn before 9 a.m. and follow1ng“a 15 hour fast and no. ,j--

2

act1v1ty, whereas, that taken from Group C was drawn at .
R

least 3 hours after breakfast and follow1ng sedentary
,ezerc1se ’Food consumptlon and exer01se seemed to have no f*
affect on 21nc plasma levels 1n these sub]ects. .:f: : v

| Eyoerlmental subjects had a mean plasma zinc level of_

. GB‘pg/IOd'ml (Table III), whlch ‘is below the 72‘pg/100 ml#
suggested by Halsted and Smith as the lower lelt of normal

(18) { Whether plasma was obtalned before or after surgery
4

t_dld not affect plasma 21nc levels as’ the mean of 58‘pq/100 o
ml for plasma obtalned 7 to 10. days after surgery ‘was not

,,.51gn1flcantly lower than the mean of 7l‘pg/100 ml for plasma

H
T

obtalned before surgery (Table III)
o The mean plasma level of 63)ug/100 ml for experlmental f

¢ subjects. was 51gn1f1cantly less QP< 0. Ol) than the 761pg/100 ml

[ - - . .
4 . . . . [
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. ‘Pable III. Wvaéls of 2zind¢ in the Plasma of

—

-

Control -and Experimental Sﬁbjectst 

N T

B Qohtrol~,.'h

]

‘»E'uExperihental

¢ -

Ceimiecy | Bind
Subject a,ng/LOa”ml'.‘ ,

.

Zinc ¢

et sampie
uSubJeCt‘ ;pg/lOO‘ml*_;Obtainea.

g7 16
66 ¢ (17
75° e 18
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g obtalned for control subjeots' Correlation between'days3

'51ncc the bypass operatlonaand plasma ylnc levels for thc

) . e

T

exPerlm“ntal SUbjocts was not 51gn1f1cant (r 0),a L

'

Zinc levels, in Yiver

.
. .o . B 4 .
’. e . 1 c

"Free2e~dried liver‘samplcs obtaiped from control and

‘ experlmental subjects COntalned mean 21nc levels of 213~

" ‘and 175‘pg/g, respectlvely (Table Iv) . These values are -

'51m11ar to the mean of 179‘pg/g found 1n normal subjects"

by McBean et al. (31) anqyfall’w1th1n the range of 91 to
:‘323/pg/q con51dered by these workers to be. normal ?The
‘mean. levels of 2ind) found 1n c0ntrol and eyperlmental sub—
jects'were not 51gnif1cantly dlfferent from. each‘other

ZJnC levels in drled llver, from whld% the fat had

‘-been e>tracted were 236‘pg/g in the control subjects and

131220/uq/q in the experlmental subjects (Table IV) These

I

values vere not slcnlflaintly dlrferent from each other._

'521nc levcls in fat- extracted 11ver from both control and
v

experxmental subjects werev51gn1f1cantly hlgher (P< 0 01)
*

','values Were Stlll W‘thln thc normal range reported by

'~McBean et al. (31) ,'lv’ o - ‘ L
: , i

: Although the amount of ‘fat .in llver was greater ln :
| P! o

-eXperlmental than control subjects; 21% vs 10% (Table. IV),,

thlS dlfference was not 51gn1f1cant. SalmOn (58) has re-

i H

fported that the percentage of 1ndrviduals w1th fatty

\
RN

\ n ) . ’{ )
B Lt . L ’

.24

than values found in- fat contalnlng llver However, these ,_f

!
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__ Taple, IV. _ Zinc Levels dnd Percent Fat in Liver. .
\ . ~ - o | B ' o
, ‘ ; . f‘l - ' o .
LT
o T
. Subject”’

1

‘. ' . . b
pays Zinc (ug/9)
Post-op?

—— - Fat &
Fat-contdining - Fat-free- -

-

CONTROLS . S 1
o 216 229, - 6
s . 240 . 264 "9
' - 195 BEPY. S 11
\, 2150 237 .. 9 -
v 188 . 216 13
222 . v 251 11

Noun N

N N o . .
,jt © MeantSEMC A 21310 " 23610 10+l .

EXPERIMENTAL = &

16 240 T 82 198 58
17 : 619 " S 120 156, . 14
18 653 ;224 © 254 0 12
19 -, 912 ‘ 205 228 10
20 1139 o134 208 - 36
" 21 . - 2072 o212 © 268 21
T.22 2247 - - v 235 : 268 13
23 . 2264 S 233 : 255 - 1 9
;24 2290 - 789 . 143 -3y
25 ‘ 2427 F 152 - - 206 “* 26
26 - 12850 1730 207 16
27 i 3180 o277 . 0 301 . 8
2 3875 158 . .-7199,0 7 21.
29 4770 - 138 189 16
= ‘ L : ’ fe ) . ;
lMeanSEMC Y 175%15 220%11° . 21%4

—~——

@ Days since the bypass operation-
. . . B " . ) . ,

b rreeze-dried samples

€ standard error of the mean .- , L

i



metamorphqs1s 1s especially marked dprlng the flrst year '

~df3~»~:post-op ‘and- gradually decreases%:? more-normal levels-
some 1000 to 1500 days follow1ng bypass surgeny.} Flve

oleyperlmental subf%cts in the preSegt study had had the

bypass operatlon for fewer than 1200 days. They had a

mean level of 263 fat in the l%ue compared w1th,l9% for.-

the 9 subjects who had had the\'Leraﬁlon for greater than'
t v.‘ . R -
1200 days., This dlfference‘was nd!astatlstlcally 51gn1—
- T . i \ '!_‘ ' 3 ‘
& >

ficant. L t oy o -

No 51gn1f1cant correlatlon between days 51nce the

bypass operatlon and zing lcvels was found for elther'

P
fat -containing (r 0. 22) or fat extracted freeze-drled

' '5']." o ,
(r 0.05) llver samples. 0Correlatxon betweeh-perfcent“ o

liver fat and zinc levels id'fat—free, drled samplcs from

‘e>oer1~xntal subjects (r——O 48) was also not 51gn1f1cantr

{

In fat tonta1n1nd, e,perlmental llver samplesA correlatlon'

g

;-

betvgen pcr cent. 11vcr fat and’ zinc levels (r ~Q.79)‘was

51gn1f1cant at P« 0 Ol As’ the.ampunt of fat in tHe'liver

, . ,
1ncreased the‘amount of zinc in the ]lVLr de:}based

. - w 7 .
(quure 1). o ' T

~Zinc levels in muscld

)

Freeze—dried‘mﬁscle‘samples frOm'control'subjectsfhad ’

" a mean 21nc concentratlon of - 185‘pg/g (”able V) ThlS'
W "
falls W1th1n the range ‘of 94- 264‘pg/g cowsldered to be

normal as reported b§ McBean et al (3l) ‘and is sllghtly

\26Q
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“ - .l : . : ! .
" Figure 1
Correlation between pér_cenf
- liver fat and liver zinc

concentrations for
experimental subjects.

oA
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Table' V., Levels of:Zincyin the Muscle of

Control and ExperimentaIJSugjectsaf

Coﬁﬁrol

zingd
NG /g

17
&
174
T 186
184
191

: Subjéct

~Novur s N

HeantSEMP - (185%5

oy FRE e L

\‘. . Experimental

v

Subject

Zineb

rg/g

16
17
19
20

21

22
23

24

26
27
28

29

206
155
"143
160
166
156
195
137

4308

223 -
149
142
183

17147

@ Freeze-dried samples

b standard error of the mean
I i : :

T



iowervthaﬁ the mecan valuerof 197 pg/g found by’these »

authors. Expernmcntal SubJLCtS had a mean of 171‘pg/g

&
(Table V) whlch is also conSJdered to, he normal. Levels

-

"‘an‘COntrol andaexperlmental subjects.were not 51gnificant1y

‘different.. . .. , \ : ¥
! ' :‘ ' S v .
Correlation between days since the bypass operation .
‘ and muscle zipc levels was not significant (r;0.0Z).
Zinc levels in hair '
’Hair,sambies from control subjects had a mean of
' : , .
193 ug/g (Table VI). This is cohsidered to be normal as
A
. N ,
1t falls within the range of 150~ 250‘pg/g suggested by : ‘ .

Po“eroy et al (56) Hair from emperlmental Subjccte

had- a ‘mean zinc contemt of 135‘pg/g (Tablc VI).  This

levcl is. low when compared to controls and is 51gn1f1cantly

-

dlffcrcnt at a p<o. 025

B
Lot

= . .
Gorrelatlon between days 51nce the"bypass Operatlon ;

>

and halr.21nc-levels was not 51gn1+1cant (r=0%..

‘ . . o \ '
‘Zinc 1evels.in ‘plasma and hair taken from the intes—'

tlnal b]pdss patlents were 51gn1f1cantly lower than levels
!

found-ln controls. Whether the decreased levels in theSe

v

tissues was due to an 1nadequate 1ntake of zinc by these
- E‘-

;
14 .

subjects is noé\fnown as a record of“food ihtake was not ob-

'

tained. 1 All subjects consumed ad libitum’'diets,

‘o N LG
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Table VI. Levels of Zinc in the Hair of
b Control and/ﬂxpcrimcntal Subjects.
. R S o e
4 : Conrroi - Experimental
! T ] - -
' . ~ Zinc?® N . 7incb
Subject o . Subject
s na/q - ! . M9/9
- /- H . . T, A .
1 186 16 108
2 255 S17 83
3. 175 ' o187 157
4 1837 ‘ 19 105
5 178 . 7 20 150
8 221 1 : 21 - 110
9 184 s 2 ' 119.
10 180" ‘ 23 176
11 169 ’ 24 221
12 . 159 _ 25 180
13" 232 26 149,
: ' 27 207
28 - 208
29 190
- meantsen® 0 a93t10 0 155+11
— ‘NT - . - - . — —————— - / —_——
a precze=driced samples

:
s

N
By e, e
2 .‘,t"(mdard orror 0of the mean

ﬁj}»-:& id : A
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A}

Experin atal paticnts ate relatively large quantitics of
- food and thus &puld havé boen consumihg adequate -amounts

. ) i . . .
of zinc. However, a decrease in zinc absorption because

of the shortened intestine could have resulted in the lower

- ’
’

. levels of zinc found in plasmq and hair.

Stregs or trauma can cause a décréa;e in plasma zinc
levels (2#).‘ All expecrimental subjbc;s}had undergéne re-
cpnt abdomihal surgefy. ﬂowevef,.séfton e£ ai. (63) showed
that LH& lovel of zinc ;n thc‘plééma usually returned to
normal 2 to 3 dﬁys following surQéfy; thérefore, surgéry

should not have greatly affected levgls in this study as

!

plasma samples were obtained either before or 7 to 10 ddys
= ' ! . b ,. I . ‘ . ’
fafter surgery. - - - |
d . . i . . c. -
. he, level of zinc in hair samples taken from experi-
i ) . . R /
montal patients was significantly. lower than in control sub-

jects.  Hair gives an indic¢ation of previous zinc intake’

($3), but does not necessarily indicate zinc status at the
. v I
!

time 0of sampling. Gilbert et al. (15) have shown that ~~2n

. S _ ,
turnover rate in hair from the rat is very slow. They

) . : % L . 6 L
“found that 100 days after the injection of 5Zn, 7% of the
dose wis still present in the hair compared with 0.4% and /

2.2, 0 the test dose in liver and muscle, respectively.

. Ballou and Thompson (3) showed the same results. Tﬁéy:found .

i
i

that cven after 300 days, 0.01% of the test dose was still
in the hair, whereas no detectable levels of the test dose
could,bo found in liver ‘and muscle. They werc also able to

! Vs

{
/

32
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|
. /
N i
'y

' ) [ . .
show that chronic feeding of 6JZn resulted in a continuous

‘uptakc of zinc by hair suggcesting that ‘the ‘turhover rate of
. , | ‘
zinc in hair is very slow. . o : ' e
o ‘ . , | .
In the present study,' hair s?mplos wer? clipped- from

the napec 6f_the i ck and werc not.longer than 2.5 cm in §
‘ o o I |
length, as measured from the scalp. Depending upon rate of

hair growth, these samplés shoula indiéate recent ziné
status, perhaps some l.tb 3 months prév%ous to ﬁampling;
Ohly a féw cxperiméntéi éubjecté-had'low zinc levels
in both plasma andvhair; Thq-rcsulté‘of'this sﬁUdy kr=0.36)
“would édrce wi£h ﬁhe suggestidn of-McBeén-et él (3§),‘;h&t
there is no cprrclatioﬂ between,plésma.énd.héir zinc;con_

centrations. o,

'

Levels of zinc in muscle and liver samples in experi-

. . o . . ) ’ !
roatal subjects were similar to levels found in .controls
ané would indicatce an adeauate state of zinc nutrition.

: ' sl .
Ballon and Thompson (3) showed, that liver, when compared
k . : ,

— 1 .

. -6:) e ! ) oo e
~to musche, rapidly takes up Zn. Onec hour after admin- ¢

. . 65 ' o o '
istration of ;)Zn 4.8% and 0.12% of thp test dose was

S .- . e e o 65
found in liver and muscle, respectively. Turnover of “7Zn

in the liver is very rapid compared with muscle, as after

3
/
4

100 days, the amount of the test dose retained had dropped

from 4.8% to 0.02% In liver compared to a drop from 0.12%

to.0.019% in muscle.

Zinc levels decrecased as the amount of fat increased

{ ’ ‘
in liver.samples obtafned from experimental subjects; thus,

ar
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therc was a’ negatlvo corro]at:on betweon per cept ﬁ‘l and

liver ﬁinc levels. Z1nc lgvols in fat extracted llver

/
/

samples from cxporlmental subjects were s1gn1f1cantly

hlgher (P<O. Ol) when compared to fat contalnxng liver sam—

plesq- A 51gn1flcant dlfference was also found in the COn—
"trol SubjeCtS. However, the zinc lcvels 1n both fat-con-

~ taining and fat- extracted 11ver samplcs from the experl—

'

mental, as well as control subjects werc normal (31).
Zinc levels in plasma, llver, muscle, and hair of
‘experlmental subjects were very scattered and - thus poorly

cbrrelated.‘ This laek of correlatlon agrees w1th the state—

~— 6

ment by McBean et al. (31) that a decrease in’ plasma121nc,
as would be found in deflclency states, has not yet been
shown to be reflected hy ded%eases of zinc in other tissues.

~ '

" .Gilbert and Taylori(lS).found that almost thCC as much of

= ' 65 - - . : o .
a test dose of 7n was taken up by liver than by leg mus-

cle inm rats., Zinc waé then rapidly lost from iiverlto plasma
wherecas that in muscle did not- complettly equillbrate w1th

plasma'for several davs.; Thus plasma zinc seems to more

Y
freely ehchange w1th 21nc in llver than 1n muscle. Dif-

ferentes 1n turnover rate could help e\plaln why plasma

A . !

levels correlate poorly with 71nc level° in soft tissues.

~

Mcan zinc levels in the’plasma,'ﬂhyer, muscle,gand
hair from individuals who had undergonc the bypass operation
, : had undq ne S :

were less than levels found in control subjects. -However,
/ - :

as only zinc levels in plasma and hair from the experimental
f . ) ‘ . . . ) / . .



! i ' .
subjects were significantly
 "conclusion as to the zinc s

O : .
drawn. = Further work with

parametars. to assess Zin¢ s

-4

TS

different from controls, no

subjects, using gdditohal
tatus, is nceded.

! N .

tatus of bypass patients can be  °
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1

1. . The amount of vinc in plasma, liver, musoie,”%nd hair:
.of control Subject‘ was normal whcn compared with values
found jn’the,literature“ Zlnc levels in llver and muscle T

from 1ntest1nal bypass patlents were also normal- however, .

values for plasma and halr were less than the normal range'
g ’ S . : - L

for thesewparameters. v . ; o B § :

o J ., . N .
2. Levels of zinpc in plasma and hair from bypassed subjects

were significantly:less'than.values found for control sub- | .

'jects, P< 0.0ld and P<‘0.025, respeetively’ There'was’no'

'-51gnlflcant dlffcrence in zinc léVels found in. llver and

_mustle from these 2 groups. ' . rA“ '_ | T

cot
e

3. rL'fer samples from bypassed patlents contalned Ql% fat

compared to .10% fat from contLol subjects ThlS differénce

LI . A . !
. . . o |
<. s . .

was_not;signiflcant.

4. -As the amodnt of‘fat in'the liwer~increased the amOunt

of zinc decreased W1th the removal of fat from llver tlssue,"‘r'
'the amoant oﬁ zihc per gram of tissue lncreased Zinc con- -

tent of the fat free tlssue was Stlll normal for both control

¢
b v : L.

.and e,pcrlmental subjects and the dlfferenqes between these'
. - o i ' : h
-2 grouos was not s1gn1ﬁ1cant. . . ’ -

'
1

5. The fat- content of liver in subjects who.had undergone '

i

the bvpass operation'forlless than 1200 days was! 263 whereas '



' those who ‘had had the bypasb operatlon for more t_han 1200

days 'had a va'lue'of.l9%. ‘This" dlfference was not st’tls—

' ticaliy significant.. ' )

!

6. ‘. Beéause .onl-y. plasma and hair and jhot liver and_f'lhu'scle

zinc levels squested that 21nc ‘status in the 1ntest1na1
‘.l‘ ’ "

[

’bypass patlent was. 1nadcquate, addltlonal studles are re-

qulred to fully assess stdtus

37
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The samplce was

for-2® ninutes at 3,000 rpm. "The supernatant
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APPENDIX ¥
. Appendix I | . |
A. Instrument details foF the "EEL" atomic absorp-
. - - - [*4 T -
i~ tion SBCCtrOphOLOWSEST'KJEQ~ )
g <,
waveglength -setting: 211 mu (2118 R),_
' & N -
slit setting: 0.07 mm or less
lamp curront‘ranqe:'l (with a Westlnghouse
hollow cathode lamp)
fuel: oxidizing: usc 10 psi air pressure ‘and 8
psi #ccetylene pressure to givc'a clcar. !
lﬂgi~fiam¢
e : Lo '
warm-up time: approximately 30 minutes with the
’ - burner 1lit 7
. . ' r‘.
v ) 1
P. Determination of ‘plasma zinc levels oo ’ o
. ‘ | | . | "
. Bight milliliters of blond were collected with zinc-free
glass syringes. Blood was delivered ‘into an acid-cleancd
{‘tést~tubo.whiéh contained 0.1 ml of 40%;sbdiuh'citratei
-+ Blasma was. obtained by centrifuging the blood at 3,00b rpm
for 20 minutes. '
- . i
, : . ' ! -,
Plasma was deproteinizad by adding 1 ml of '10% trichloxoa-
o, cetic acid‘(Tdﬁ+\$o cach 2 ml N 51asma and then hcating the .,

again centrifuged

was decanted and- |

>
K}

P : :
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/ /

saved. To tﬁv precipitate, 1 ml of 10q TCA waéiagain added,
and the mlxturo hcaLcd and centrquqod as dGJCleCd above.

The supernntant solutlons from each sanple weré combined

~and used .in the,atomic-absoretion.spectr@photometer to deter-

/

. . . ' ! ’ + ) .
“mine zinc.  The TCA used contained trace amounts of zinc;

?

therefore, zinc was determined in 2 ml of TCA and this.value

was Subtracted from the zinc content found in each plasma

samplé. v ' ’ : »
' . . L '

/!
/

C._Fat'CXtractLon of,livér samples

One-tenth of a gram of liver was accﬁrately weighed out,
wished in 10 ml of formalin and then frceze-dried for 10

hours. ~ The dry weight of the tissue was then récorﬁgé.w'The
, ey / ,

dried tissue sanplce was laced in & 10x50 mm ccllulose ,
. ¢

3

thimble'which was then placed into a Soxhlet micro-extraction
. . M . . .
- i !

N

appa-at&..

Twenty- flvo nLllllltcrs of anhydrous cthyl ether qu
. a . ) .

‘added unggthe,tlssue extracted for 4 hours at 38°. Preliminary

g

tube which had a & 13 ground-glass joint. Three"milliliters

\
L

'wofk.had,shOWthhe cther extract to be zinc—frce.ls : -y

9

D. Dotermihation of zinc in fat-free liver samples
A free%efdried liver sample was placed in a 16x150 mm test .

.
7,

of 2 M zinc- froe HNO was added and the !.Fple was dlgested

3

at 80 for 24’ hours. The HNO3 was evaporated w1th a Buchi .,

flash bvapofatbr‘untll only the digest residue ‘remained which

was a viscous yellow liquid. Four milliliters of 10 mM



“

zinc-frece HNO, was added to the digest residue with vigouqu

ous mixihg. Tb remové-any insoluhle particles, the sample

‘was conrrlfugcd at 3,000 rphh for 20 minutes and the

_supernatant. decan.ted.__,- Zinc was dctermlned in the suPernatantA

by flame atomization.

E. Determination of zinc-in hair

'"One—tenth gram of hair was cut from the nape of the
. ) v 1 " '
neck. The hair was washed in 100 ml of a 0.1% (v/v) solution

of soap (Lux ﬁiquia) at room temperature for 10 to 20‘miﬂutés
. . !
with occasiondl stirring.: The soap solution was'then de~

canted through’ filter paper and replaced by another 100 ml of
3 ' R . ,

soanv-solution. This solution in turn was decantedlafter‘

20 ~1nutes of soaklng and the halr rlnsed in 4- 10 exchdnges

lopd ~Upvox1matcly 50 ml each o£ deionized, demlncrallzcd

s

'wﬂter until no foanlng could be detected in the rlHSL water. '

Dyed hair samplcs<werevr1n3e§ untl1 no dye. was cv1dent in

) A

the wash water. The hair was tHen immersed in 2,successive'
portions of about 25 ml of 95% ethanol for 5 to 10 minutes

ééch, and finally in 2 successive portions'of'ZS ml of ether :

o N . ' \__ " K4
forva similar time. Fhe hair was romoved from %Rf ethyl ether

»

ana.drlcd over anhydrous calcium: chloride for 1 day.

' x -

Dupllcate samples of O 05 gram of the drled halr;Wére

[

. To each flasP was added 2 5 ml of, conccnttatéd HNQ , The

W e »3 &
flask was placod on a- hot plate in a fume hood and thL ha

a

47

'accuratoly welghtod in an ac1d washed 25 ml erlenmeyer flask. -



o

, dlssolved by gentlc boiling. When'tho'vojume‘was decreaépd

A}

to about half the olutoon was coolcd and 2 ml of pcrchlorlc‘

}Vacid‘qu'added. Gentle boiling was contlnued until only Y

to 2 ml remainedsandvthe,SOIUtion.Was“coloorlésé,ﬁ_Afterwn
oooling, the solutlon wos brought to 2J ml 1n a voluﬁetrlc
lfi’ask. A 10 ml sample from this flask was used to determlne
the lcvel of zinc in the halr A blank ‘'was run bocause of .
the hlgh *%inc levels in the perchloric 'a01d. |

" F. Preparation of stock solution, for standard curves

v

‘ Onerhalf gram ofvhigh‘pu}ity zinc was dissolved in 100 m1:

of 50» by’ volume concentrated nitric acid. The solution Was

cooled and then made»to 500 ml with deioniZed demineralized
Ry .

water. Serial dllutiﬁns were usqd toc prepare the' worklng

gconoéntratlons/for the,standard_ourve. Ten per cent TCA.

was uscd for the stock standard for zinc measurement in
' . , ' 1

plasma. . - S U : I

~



