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‘Zinc and copper balance studies in infants receiving total

parenteral nutrition'™*

Robert J Shulman

ABSTRACT

Ta determine the adeguacy of zine and copper supplementation for infants

receiving total parenteral nutrition (TPN). we performed 24-h balance studies in infants with
diarrhea and infants who had recently undergone surgery, Measurements were made at base
line. 1. and 2 wk. Mean serum Zn and Cu levels of the diarrhea group remained normal and
were low in the postoperative group bul normalized over the study period. Mean 24-h Zn and
Cu balances were positive 1o infants with diacthea and negative in postoperative intanis. The
high Zn and Cu content in the gastrointestinal flind loss associated with surgervy may have
accounted in part for thns inding, Normal serum levels of Zn and Cu did not guarantee positive
balance. No significant changes were found in serum albumin, alkaline phosphatase. or cerulo-
plasmin, The current Zn and Cu recommendations may be appropriate only for hospitalized

infants who have no excessive gastromtestinal fluid Josses.
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Introduction

Numerous investigaters have attempted 1o determine
the amounis of zine and copper required by infants who
receive total parenteral nutrition (TPN), However, most
of these studies have addressed the needs of premature
infiants (1-43. Researchers who have studied the needs of
full-term or older infants have either made serial mea-
surements of Zn and Cu serum levels or performed bal-
ance studies only in newborns (4, 5). In a balance study
conducted by Zlotkin and Buchanan (4) in newborns, no
discrimination was made between infants with medical
and surgical illnesses. Surgery and its associated stress are
likely to aficet trace mineral status. The importance of
definitive rescarch on Zn and Cu requirements in chil-
dren who receive TPN is underscored by the reported
clinical manifestations of Zn and Cu deficiencies in in-
fants who receive TPN (6-8).

_Although Zn and Cu serum concentralions can pro-
vide some insight into Zn and Cu status, the measure-
ments can be affected by many factors such as stress,
drugs, and serum proteins (9). Decreases in serum albu-
min, for example, can decrease serum Zn because of
binding., When properly performed. balance studies of
Zn and Cu probably provide the best readily available
assessment of Zn and Cu nutriture (9), Measurements of
allkaline phosphatase and ceruloplasmin provide addi-
Honal albeit less sensitive measures of Zn and Cu status,
respectively,
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The objective of our study was to determine serum con-
centrations and 24-h balances of Zn and Cu in a eroup of
infants who received TPN. By studying infants past the
newporn period, using the balance technigue, we provide
a greater nsight into the Zn and Cu status of this group of
patients than has been achieved in previous studies. The
amounts of Zn and Cu provided to the infants were within
the ranges recommended by the Nutrition Advisory
Group of the American Mcdical Association in 1978 (Zn.
1.5 gmol-kg™' - d™" Cu, 0.3 umal - kg '-d™ " (100,

Materiats and methods

Patient popidlaiion
Thirteen infants (six with chronic diarrhea. seven recovering
from surgery) were studicd (Tables 1 and 2). YWe attemipted o
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Imake, serum zinc and copper, and 24-h balance values in infants with diarthea
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= Ngomal serum pne, §-24.9 pmoliL: noral serum copper, (022228 amolfl.
tp <0y
$ Mol donoe.
enroll all term infants who were expected to require more than Methods

! wk of TPN and who were receiving no enteral intake, Severity
of illness was not a coterion, The investigation was approved
by the Institutional Review Boards for Human Research ag
Bavlor College of Medicine and the Harns County Hospital
District and by the Clinical Investigations and Publications
Committee at Texas Children's Hospital., informed consent
was obtained from the parents,

Design
Isl

Intants were enrolled during the first 24 h of TPN adminis-
tration. Zn (1.5 umol . kg™ .d 'y and Cu (0.16 gmol kg *.d ")
were added ta the TPN solution (Multitrace Pediatric™, Rohrer
Group. Ine, Fort Washington, PA}. Base-line blood samples
were collected for the determination of serum Zo and Cu, A
basc-line balunce study was performed over 24-h and serum Zn
and Cu and 24-h balances were performed weckly thereafter,
Serum albumin, alkaline phosphatase, and ceruloplasmin were
measured at base line and at the ¢nd of the study.

Samples of the TPN solution were obtiained for measure-
ment of Zn and Cu before the trace elements were added. The
solutions themsclves contained insignificant amounts of Zpg
and Cu. All materials used for collections were determined
be free of truce metal contamination before use. Duriog the
balance studics, all excreta {ie. urine, stool, nasogastiric and o%
tomy drainage, excluding skin losses) were collected, The total.
volume was measured and an aliquot was taken. Blood sampled
were spun immediately and serum and excreta were stored Lf
~20°C until analyzed. The volume of TPN infused during the
24-h collection period was noted and the amounts of Zn and
Cu infused during this period were caleulated. Balance was de-
fincd as total intake minus total output for the 24-h period (ex-
cluding skin losscs). 4

Analyses

Zn and Cu were analyzed by atomic absorption spectropha-
tometry (Perkin Elmer Corp. Norwalk, CT). Samples of excreté

TABLE 2
[ntake, serum zine and copper, and 24-h balance values in postsurgical infants
Serum values 14-h falances
Intake Linc Coppert Zinc Copper
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were ashed in a muflle furnace tefore analysis (Parttow. Hot-
pack Corp. Philadelphia, PA). Suandard curves were estab-
jished and standards were used 1o ensure the aceuracy of the
measurements. Serum aibuimin was measured by using the bro-
mocresol green dve-binding method, alkaline phosphatase by
psing a kinetic enzyme assay emploving paranitrophenyi phos-
phate as a substrate. and ceruleplasmin with an immunoneph-
elometric technigue (Beckman, Palo Alto, CA). The CV in the
methods was = 5%

Data analyses

A paired 1 test was used to determune the significance of
changes in serum Zn and Cu levels and the 24-h balance studics
done at base line and 1 wk, and between the initial and final
albumin, alkaline phosphatase. and ceruloplasmin determina-
tions. For infants who were studied for 2 wk, regression analysis
was used 1o obtain the slope of the changes in serum Zn and
Cu values and balance study values vs time on the individual
subjects. The signilicance of the change in the values for the
group was then assessed with a 7 test. Results are expressed as
mean x 512,

Results

All six infants with chronie diarrhea received appro-
priate calories and protein {Tabie 1) and gained appro-
priate amounts of weight (1), One infant had a low se-
rum Zn value when the base-line measurement was
muade but the value was in the nermal range after 1 wk
{Table 1). No significant ¢change was scen in the serum
Zn values of these infants between base line and 1 wk or
during the 2-wk studv pertod. All infants were in positive
Zn balance at base line and remained so throughout the
study period. There was a signiticant increase in Zn bal-
ance over the 2-wk study period (Table 12 p < 0.03).

Serum Cu values were normal throughout the study
period and no significant change was observed with time
{Tublc 1 As with Zn balance, Cu balance was positive
1 all infants and remained so during the siudy period.
Nosignificant change in Cu balance occurred during the
study period.

The caloric and protein intake resulted in appropriate
growth in all seven infants studied postoperatively. All
13 infants (Tables | and 2) received intravenous lipid,
}Vhlch accounted for ~20% of their nonprotein energy
Intake,

In contrast to the infants with diarrhea. three of the
seven postoperative infants had low serum Zn at base
line. By 1 wk, however. their values had returned 10 nor-
mal. At | wk, two other infants developed low serum Zn
values (Tabie 2). Most of the infants were in ncgative Zn
balance at base line (Table 2). No significant change 1n
mean Zn balance occurred in those in the postoperative
group although in five of the infanis their Zn balance be-
came less negative or positive by the end of the first week
(Tablc 2), '

Most of the postoperative infants had either low or
borderline low serum Cu values at base line (Tabie 2).
There was a trend for serum Cu 1o increase significantly
by 1 wk (p = 0.088). In two of four infants. serum Cu

returned o normial by 1 wk. Of the infants studied at 2
wk. onlv one had a low serum Cu value. This infant was
studied for 3 wk. at which tume his serum Cu value was
close to normal. Asin the case of Zn balance, Cu balance
commonly was negative at base line (Table 2). No sig-
nificant change was found in Cu balance dunng the
study period. primuarily because of infant 6 whose Cu bal-
ance worsened (Table 2).

Abnormal values for serum Zn and Cu and negative
24-11 balances gencrally occurred during the period in
which the infants had excess gastrointestinal drainage
{Table 2}, Analvses of nasogastric tlhuids revealed mean
Zn and Cu concentrations of 199 = 7.7 and 2.9 + 2.0
umol/L. respecuively. Ostomy drainage had higher con-
centrations of both Zn. 394.9 + 179,53 umol/L: and Cu.
[18.4 + 33,8 umol/L.

There was a trend for albumin to increase significantly
in infunts with diarrhea (Table 3: p = 0.10). In neither
sroup was there a significant change in alkaline phospha-
tase or cerulopiasmin (Table 3). No inlantin either group
manifested clinical signs of Zn or Cu deficiency.

Discussion

The secrum Zn and Cu levels designated as normal by
our institunon are 1 good agreement with those pre-
viously published (33, However, we found striking
differences between the results for serum Zn and Cu and
24-h balances obtained in infants with diarrhea com-
pared with those 1 postoperative infants (Tables !
and 2),

Postoperative infants. more frequently than infanis
with diarrhea. had ahnormal values for serum Zn and
Cu (Tables 1 and 2). Bactenial endotoxin may cause a
decrease n serum Zn concentrations, and corticoste-
roids can do the same 10 serum Cu values (9). Thus, the
greater incidence of low serum Zn and Cu in the postop-
erative group compared with the infants with diarrhen
may retlect factors related to surgery rather than defi-
Clency per se.

All the infants with diarrhea had positive 24-h Zn and
Cu balances. In contrast, the base-hne Zn and Cu bal-
ance studics done in the immediate postsurgical period.
when TPN was begun, were negative in maost of the post-
operative infants (Tables | and 2). The posisurgical cata-
bolic period mayv have increased Zn and Cu excretion
and accounted 1n parl for the negative 24-h balances.
Nevertheless., the postoperative intants all had excess gas-
trointestinal drainage. Analvsis of this fluid showed it to
pe rich in both Zn and Cu. Although noted previously,
this finding has not been emphasized (6, 12, 1 3). The gas-
trointestinal fluid loss is likely to have contributed to the
maintenance of the negative balance state of some of the
postoperalive infants over the 2 wk of study. Infants 3
and 6 who had gastrointestinal fluid losses from base line
through the balance study at 2 wk had the most negative
Zn and Cu balances (Table 2). Although diarrheai fluid
also may be rich tn Zp and Cu, stool output de-
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TABLE 3
Resulis ol biochemical determimations ol infants studicd | or 2wk
ke
Albumin Alkaline phosphatase Ceruloplasmin
[nitiad Fenal Titial Finat [ritial Finai
R wfl mufL
Infanms with diarrhes 30 3.3 224 228 200 440
38 3.2 181 60 200 00
3R 4.1 349 123 240 220
2.5 3.5 106 129 170 200
2.2 2.6 G4 73 230 270
25 34 Ry 297 220 280
X+ 58D 3007 3404 169 + 107 152 +£92 210 =30 270 =90
Postsurgical infants 3.0 2.3 44 £2 180 460
2.0 2.3 102 213 140 180
19 33 a4 40 120 2350
31z R 43 14] 240 120
2.6 2.0 146 &3 300 260
2.2 2.0 73 113 310 230
2.5 1.5 [ |58 140 3n
i=SD 2.8+0.7 27+00 73+ 39 [[9+0S 200 = 80 260+ 110
"o 0.0

creased rapidly in the infants with diarrhea when they re-
ceived TPN,

[1 is interesting to note that scrum concentrations ol

Zn and Cu rewursied to normal in some postoperative in-
tants despite their being in negative balance for these
trace minerals (Table 2), As previouslv suggested, therc-
fore, balance studies are more sensitive indicators than
serum determinations ot Zn and Cu status (9), Senal se-
rum determinations are usetul from a practical consider-
ation compared with 24-h urine and stool collections but
major changes in Zn and Cu status mav he missed.

The results of the Zn and Cu balances found in the
studyv infants who were generally 11l. and ofien had exces-
sive Zn and Cu losses, are difficult to compare with those
obtained from normal infants, who by definition have
no excessive losses. For example, the amino acids in
TPN have been shown Lo increase zincuria (14, A com-
parison of infants receiving TPN with normal infants is
made all the more difficult because of the paucity of data
concerning Zn and Cu balances in normal infants, Ca-
vell and Widdowson (15) have shown that newborn in-
fants are commonly in negative Zn and Cu balance but
thev studied infants only during the first week of life, In
contrast. Scoular (16) demonstrated that preschool chil-
dren are in positive Zn balance although only a few sub-
jects were studied. A recent study (17) suggests that in-
fants are in positive Zn balance by 36 wk gestation.

The Zn and Cu supplementation level in our study
was lower than that used by Dahlstrom et al (5) (Zn 30.6
gmol/L, Cu 15.7 gmol/L). In their study mean serum Zn
in the TPN group was significantly higher than in the
orally fed control group whercas serum Cu was similar
(3). Zlotkin and Buchanan (4) carried out Zn and Cu
balance studies in premature, full-term. and fuli-term,.

small-for-gestational-age (SGA) intants receiving TPN.
Their data suggested that > 2.3 gmol kg™ .d™" ol Znand
> 0.25 pmol kg™ d7" of Cu were necded to achieve pos-
itive balances of these minerals (4). A direct comparison
with their data is difficult becausc of the heterogeneity
and vounger age of their patients (mean age, premature
35d: full-term 9 d: SGaA 13 d) (4). Most importantly. the
infants in their siudy were not separated by medical and
surgical diagnoses (), Thus, excessive gastroimntestinal
fluid loss was likelv in some of their infants, as in some of
those in our study, thereby increasing Zn and Cu nceds.

No alterations were found in serum albumin, cerulo-
plasmin. nor the Zn-dependent enzyvme, atkaline phos-
phatase (Table 3) (9). Changes in these serum biochemis-
tries are tikely 1o be found only in severe or prolonged
cases of Zn or Cu deficiency.

The results of our study should be applicable to stimilar
infants encountered in clinteal practice. Our data suggest
that 1.3 gmol-ke™'.d"' of Zn and 0.16 gmol-kg'.d™"
of Cu may be approprate for nonsurgical infants whoe
receive TPN for a short termi. Addiuonal supplementa-
tion may be required by postoperative infants,
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