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ABSTRACT. Twenty-four male Guatemalan children,
aged 7 to 23 mo, suffering dehydration due to acute diar-
rhea were studied to assess their fecal endogenous losses
of trace minerals zinc, iron, and copper while treated with
oral rehydration therapy, either with standard or glycine-
added solutions. Sodium and potassium excretions (from
endogenous and exogenous sources) were also monitored.
No statistically significant effect of glycine was observed
on any of the minerals studied, although a tendency to
higher output was seen with zinc. Median rates of fecal
excretion of zinc, iron, and copper were 6.08, 6.33, and
1.61 pg/kg/h, respectively, whereas those for sodium and
potassium were 11.2 and 9.7 mg/kg/h. All of the minerals’
excretion showed significant linear correlations with fecal
volume, r values were 0.47 (Zn), 0.64 (Fe), 0.77 (Cu), 0.98
(Na), and 0.97 (K). Mineral-mineral interactions also were
evident, with such correlations in fecal excretion rates as:
Zn versus Cu, r = 0.75; Zn versus Fe, r = 0.62; Fe versus
Cu, r = 0.76. (Pediatr Res 27: 170-175, 1990)

Abbreviations

ORT, oral rehydration therapy
IGSS, Institute of Social Security

Infectious diarrheal disease has long been a major cause of
childhood morbidity and mortality (1, 2). With the advent of
effective ORT (3, 4), exploiting the sodium-coupled absorption
mechanism for glucose (5), the management of the dehydration
associated with diarrhea has improved, and mortality can be
dramatically reduced (6). Mata (7) showed that recurrent infec-
tious episodes can produce growth failure and malnutrition.
Thus, with the increasing survival of young children from their
episodes of acute diarrhea, there is interest in the maintenance
of normal nutritional status in the aftermath of infections (8, 9).

Interest in the trace element nutrients in relation to the child
populations of the developing world has been advancing in the
last decade. Due to their respective roles in nutritional anemias,
endemic goiter, and cretinism, iron and iodine have long been a
nutritional concern in less developed countries. In the past
decade, however, interest in other trace elements such as zinc
(10-12), copper (13-15), and selenium (16), in relation to Latin
American child populations, has been advancing. Episodes of
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diarrhea interfere with human nutriture in various ways (17, 18),
including the provocation of excessive wasting of endogenous
stores. Regarding the trace elements, our quantitative knowledge
of the magnitude of nutritional loss that can result from acute
diarrheal disease is minimal.

Among countries of the Third World, Guatemala has tradi-
tionally had a high incidence of diarrheal illness (7, 19). More-
over, Guatemala leads countries in tropical Latin America for
the highest percentage of children less than 6 y of age with wt-
for-age less than 75% of the international standards (20). In
theory, a previously deteriorated nutritional status may make a
child more vulnerable to more drastic further nutritional insult
from diarrheal episodes; alternatively, a state of adaptation to
conserve nutrients by the malnourished child might help to spare
their endogenous reserves during bouts of gastroenteritis.

Another nutritional issue is the rapidity of repletion of electro-
lytes and water in the dehydrated child. Based on the principle
that both glucose and neutral amino acids (such as glycine)
stimulate the active absorption of sodium in a potentially addi-
tive manner (5), a variant of the traditional ORT solution,
containing 111 mmol of glycine has been advanced and tested
as a so-called “super ORT” (21, 22). We have combined the
variable of glucose alone, or with glycine, as a contrast in our
study.

Thus, we have undertaken the quantitative assessment of the
excretion of the nutritionally important trace elements—zinc,
iron, and copper—from endogenous sources in 24 male children
with acute, dehydrating diarrhea, isolating the effect of glycine
from the variant composition of oral rehydration solution. The
excretion of both endogenous and exogenous electrolytes—so-
dium and potassium—was also monitored. Qur results empha-
size the interaction between and among the distinct, nutritional
minerals.

MATERIALS AND METHODS

Subjects. We enrolled 24 male subjects aged 7 to 23 mo
admitted to the Rehydration Unit of the Pediatrics Department
of the General Hospital of the Guatemalan Institute of Social
Security (IGSS) in Guatemala, between June and November of
1986. Males were chosen to assure effective separation of urine
from contamination of fecal specimens.

The children presented with typical histories of acute, infec-
tious diarrhea leading to dehydration, and were prescribed oral
rehydration therapy as their initial treatment after evaluation by
the resident on duty. Children were included if they had no more
than 4 d of illness, if no oral medication had been given during
the prior 24-h period, if no oral intake of any kind had been
given during the previous 10 h, and if no overt dysenteric stools
were present. Abundant vomiting that precluded fluid therapy
either by mouth or gastric feeding tube was a reason for exclusion.
Except for the assignment of the type of oral rehydration formula,
all aspects of medical management were handled by the duty
pediatric resident.
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The protocol had been approved by the Human Subjects
Committee of the Institute of Nutrition of Central America and
Panama and the Research Committee of the Department of
Pediatrics of IGSS. Subjects were enrolled after the nature,
purpose, risks, and options of the procedures had been explained
and written informed consent had been obtained from the parent
or accompanying guardian.

Assignment of treatment. Once enrolled, the children were
assigned at random by binary choice to receive either the stand-
ard therapy or the glycine-containing special solution. For both
oral solutions the basic constituents were identical and included
the ORT formula recommended by the World Health Organi-
zation (23). This contains, in mmol/L of final volume: sodium,
90; potassium, 20; bicarbonate, 30; chloride, 80; and glucose,
110. In the special formula, an additional 111 mmol of glycine
(USP, Mallinckrodt, Paris, KY) were added.

Anthropometric measurements. The observation period for
each subject was defined as the interval from the moment of
admission to the Rehydration Service to the time when he first
was given food, beverage, or medication other than the assigned
ORT formula, or when he was declared a failure with oral therapy
and admitted as an inpatient for intravenous rehydration ther-
apy. In fact, the child was followed, when possible, for the
duration of his stay at the facility until he was declared fully
rehydrated by the medical staff, and discharged to his home.

The subjects were weighed without clothing on a calibrated
pediatric balance (SECA, Hamburg, Germany), accurate to the
10 g, on admission, after the observation period, and at full
hydrational recovery. At the conclusion of the observation
period, the length of the subject was determined in the supine,
recumbent position on a table stadiometer to the nearest 0.1 cm.
At this same time, the triceps skinfold thickness and mid-arm
circumference were measured on the right upper extremity as
suggested by Jelliffe (24). Using the method of Frisancho (25),
the mid-arm muscle and fat areas, both in mm? and as a
percentage of the entire cross-sectional area, were computed.
Using the wt at full hydration, when available, the adequacy of
wt-for-age (26), ht-for-age (27), and wt-for-ht (27) were calculated
as a percent of conventional standards (20). It should be noted
that in three children, two of those who proved to be treatment
failures and in one who responded to ORT but left the Rehydra-
tion Unit prematurely, no determination of the final, rehydrated
wt was available.

Assessment of initial hydration state. On admission, the resi-
dent on duty made a clinical assessment of hydration status
based on criteria suggested by the World Health Organization
(23), mild and moderate degrees of dehydration were eligible for
a trial of oral therapy by the norms of the hospital. In those 21
children in whom the wt after full rehydration recovery could be
obtained, a retrospective calculation of the initial degrees of
dehydration, expressed as the wt-deficit as a percent of final wt,
was calculated.

Fecal collection procedures. The children were placed in a
metabolic bed, and a plastic, adherent urine culture bag was
placed on the perineum to separate urine. The stools were
collected in clear-plastic bag liners placed inside the collection
basins. Each evacuation was collected, labeled, and stored as a
separate entity.

The first oral dose of ORT solution contained 20 mg of
brilliant blue (Mallinckrodt) as a fecal marker. Only the values
of mineral content, excretion rates, and fecal hydration for the
stools occurring with and after the first appearance of the marker
in the feces were included in our subsequent laboratory deter-
minations. The interval from the moment of administering the
brilliant blue marker until its first appearance in the feces has
been defined as the mouth-to-anus transit time of the oral dose.

Laboratory procedures. After measuring the individual fecal
samples to the nearest 0.1 mL, they were transferred to trace-
mineral-free screw-top flasks, and frozen until later chemical
analysis. Subsequently, upon thawing and homogenization, an
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aliquot of each sample was taken, weighed on an analytical
balance (Mettler Instrument Co, Hightown, NJ), and then dried
at 60 to 70°C to a constant wt (28), to provide an estimate of the
water content of that defecation. Another weighed aliquot was
digested at 90°C with ultrapure, concentrated nitric acid (J. T.
Baker Chemical Co., Phillipsburg, NJ). Hydrogen peroxide was
added in a dropwise fashion as needed to assure a clear digestate.
The digestate then was diluted with double-distilled water and
measurements of concentrations for the minerals of interest were
made by atomic absorption spectrophotometry on a Varian AA
775 instrument (Varian Techtron PTY, Ltd. Springvale, Aus-
tralia) with a lamp of the appropriate energy (29). The wavelength
conditions used for the respective minerals were: zinc, 213.9 nm;
copper, 324.7 nm; iron, 248.3 nm; sodium, 589.0 nm; and
potassium, 766.5 nm. Recovery results for the minerals studied
were: zinc, 99.7%; copper, 100.4%; iron, 99.0%; sodium 100.6%;
and potassium 99.2%.

In addition to the stools, mineral contents of samples of the
oral rehydration solution, the glycine powder and the brilliant
blue were measured by atomic absorption spectrophotometry.

Data analysis. Descriptive statistics including mean, SD, me-
dian, and range, were calculated for the variables both as global
figures and by individual treatment groups. The Kolmogorov-
Smirnov test was applied to determine the normality of distri-
bution of the sets of variables (30). Intergroup comparisons of
the means were effected using the Student’s #-test when the
conditions of normality of distribution and homogeneity of
variance were met. When these were not met, the nonparametric
Mann-Whitney test was used. The degree of association between
variables in the same subjects was evaluated by calculating the
Pearson or Spearman correlation coefficients, depending upon
the distribution. Other nonlinear regression models were used to
determine the “goodness of fit.” All calculations were effected
on a Hewlett Packard Model HP-3000 series 30 (Hewlett Pack-
ard, Cupertino, CA) using the Statistical Package for the Social
Sciences software (31). In general, we considered a result to be
statistically significant when the probability of an «-error was
less than 5%.

RESULTS

Patients’ nutritional status. The findings regarding nutritional
status for the two treatment groups are presented in Table 1. The
randomization process provided groups that did not differ with
regard to age, ht, wt, or any other anthropometric index. The
group treated with ORT-GLY was 25% more dehydrated on
admission than the ORT-GLU group, but this tendency was not
statistically significant.

Overall, the degree of initial dehydration as assessed by recov-
ery of wt with successful treatment, was 4.4 = 2.6% (median
3.9%). Fifteen children had mild dehydration, i.e. <5% wt deficit,
and six moderate dehydration, i.e. 6 to 10% wt deficit.

The acute dehydration in the population was superimposed
on a substantial degree of protein-energy malnutrition. Ten of
21 recovered subjects (48%) had a wt-for-age below 75% of
standard, i.e. grades II or III on the Gomez classification (26).
Nine of 24 patients (37.5%) had a deficit in ht-for-age (27), i.e.
<95% of the NCHS standards (20). Sixteen of 21 children (76%)
had some degree of acute malnutrition (27), i.e. <90% of wt-for
ht. Similarly, the mean adequacy of mid-arm muscle and fat
areas, respectively, was 78.7 £ 11.5 and 56.2 + 19.0%. Once
again, the degree of undernutrition was equally distributed be-
tween treatment groups.

Intestinal function during ORT. The observation times for our
subjects ranged from 240 to 535 min (mean 383 = 77 min;
median 380 min). The observation times did not differ between
treatment groups. The characteristics of intestinal function dur-
ing ORT are shown by treatment groups in Table 2. The number
of stools produced during observation ranged from 3 to 24 with
a mean of 10.8 £+ 6.0 and a median of 9.5. Mouth-to-anus transit
time ranged from 20 to 242 min, with a global median of 115
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Table 1. General characteristics of children studied

Adequacy

Mid-arm  Adequacy

Triceps
skinfold

True
rehydrated Dehydration

of mid-arm Mid-arm of mid-arm

muscle area fat area

muscle

Mid-arm

Cranial
Wt for ht circumference thickness circumference

Ht

for age

fat area

area
(mm?)

wt deficit for age

wt

(kg)

Initial wt

Age
(mo)

(%) (mm?) (%)

(cm)
132%13

(kg) (%) (%) (%) (cm) (mm)
ORT-GLU 124 £3.3* 734+ 5.0 96.2+49 7.68 = 1.8 794+ 1.8 3.9+28 77.6+150840+88 45319 65+20

(%)

(cm)

992 + 153 77.6 + 12.0 403 + 169 54.4 +22.8

475
(n=12)

352
(n=12)

71.7
(n=12)

993
(n=12)

12.8
(n=12)

6.0
(n=12)

45.0
(n=12)

82.7
(n=11)

72.8

(n=11)

3.2

7.20 7.40
(n=11) (n=11)

(n=12)

95.4
(n=12)

72.8

(n=12)

11.0+
(n=12)

1019 = 147 79.8 £ 11.5 429 £ 113 57.9 £ 15.2

135+ 1.0

50+£23 819+98 90.0£32 455x12 69+x16

ORT-GLY 133+3.8 73.6+4.6952+52804%12 849%12

54.5
(n=12)

404
(n=12)

84.3
(n=12)

1077
(n=12)

13.8
(n=12)

6.4
(n=12)

45.8
(n=12)

89.3
(n=10)

83.6
(n=10)

4.3
(n=10)

8.22
(n=10)

7.80
(n=12)

96.2
(n=12)

72.4
(n=12)

115

(n=12)

* Mean = SD.
+ Median.
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min. The content of water in the stools was 94.1% or more in
all patients, and was not affected by the choice of treatment.
Fecal volume excretion rates ranged from 1.0 to 50.1 mL/kg/h,
with an overall median of 7.5 mL/kg/h. The treatment groups
were comparable in their patterns of fecal fluid excretion.

Mineral content of ORT fluids. Table 3 provides the analyses
of the minerals of interest in the constituents of oral intake. The
single, initial dose of brilliant blue contained negligible amounts
of zinc, copper, and potassium. All of the minerals, including
sodium, were present at trace or undetectable levels in the glycine
powder added to each liter of the special ORT. In the basic oral
solution, trace metals ranged in concentration from 8.4 to 12.5
rg/L. There were 1970 mg of sodium per liter in an aliquot of
ORT solution as analyzed. This corresponds to 86.5 mmol/L
measured, as compared to a theoretical content of 90 mmol/L.
A liter of ORT contained 786 mg (20.4 mmol) of potassium per
liter, as compared to the specified content of 20 mmol/L.

Fecal excretion of trace metals. The global excretion rate for
zinc was 8.10 = 5.74 ug/kg/h with a median of 6.08 ug/kg/h. As
shown in Table 4, there was a tendency toward a greater excretion
of zinc with the ORT-GLY treatment as compared to the ORT-
GLU, but the difference of the means had a probability of p =
0.17, not meeting our criterion for statistical significance. The
overall concentration of zinc in stools averaged 1.11 + 0.96 mg/
L with a median of 0.76 mg/L. Again, there was a tendency
toward a greater zinc concentration in stools of the ORT-GLY
group (Table 4), but this also did not achieve statistical signifi-
cance.

The global excretion rates for iron and copper for the entire
24 patients was 9.91 + 7.88 and 1.92 + 1.04 ug/kg/h, respec-
tively. The respective medians were 6.33 and 1.65 wg/kg/h,
respectively. As shown in Table 4, no difference between treat-
ment groups was observed. The concentration of iron and copper
in the stools of all 24 children averaged 1.16 + 0.93 (median:
0.77) and 0.25 * 0.20 (median: 0.17) mg/L, respectively. No
intergroup differences were observed (Table 4).

Fecal excretion of electrolytes. The electrolytes in the stools
were derived both from endogenous losses and the malabsorption
of exogenous electrolytes in the ORT solutions. The excretion
rates for sodium and potassium in all 24 children averaged 19.0
+ 21.1 (median 11.1), and 12.9 % 10.1 (median 9.7) mg/kg/h.
As shown in Table 5, there was no significant difference between
the means of the two treatment groups, although the median
excretion values for both electrolytes were slightly higher in the
ORT-GLY group. The average concentration of the respective
electrolytes was 1.28 + 0.38 (median 1.32), and 1.20 + 0.56
(median 1.12) g/L. As shown in Table 5 no statistically significant
differences were seen across treatment groups.

Biologic interactions. Simple correlation coefficients were cal-
culated for our fecal outcome variables, and various patient
characteristics such as age, degree of dehydration, rehydrated wt,
wt-for-age, wt-for ht, ht-for-age, mid-arm muscle area, mid-arm
fat area, and, solely in the case of fecal volume output, number
of evacuations per hour. No statistically significant correlations
were found between the excretion rates for zinc, iron, or copper,
and any of the patient characteristics listed. Age correlated sig-
nificantly (p < 0.05) with the fecal concentration of all three
metals. Moreover, there was a significant correlation (r = 0.51,
p <0.05) of fecal concentration of iron and ht-for-age. Inasmuch
as the distribution of fecal total volume output was not normal
when taken over the whole observation period (p < 0.05 by the
test of Kolmogorov-Smirnov), the Spearman correlation coeffi-
cient was used with the listed patient characteristics; only the
number evacuations per h correlated with fecal output in mL/
kg/h (r = 0.83; p < 0.01).

The fecal output rates after the appearance of the fecal marker
proved to be normally distributed across the population, so we
used simple linear regression (Pearson’s product moment) to
determine the association with excretion rates of the trace metals.
For zinc, iron, and copper, respectively, the correlation coeffi-
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Table 2. Characteristics of intestinal function during ORT

Total
Mouth-to-anus Fecal excretion Fecal-water observation
transit time rate content time
Group No. of stools (min) (mL/kg/h) (%) (min)
ORT-GLU 10.3 + 6.5* 120 £ 63 139+ 11.6 974+ 12 358 £ 82
9.0% 128 9.4 97.7 350
3-24% 33-235 1.0-39.3 94.1-98.8 240-480
ORT-GLY 11.3+£5.7 111 +62 143+ 17.1 974 1.0 408 *+ 65
10.0 104 6.6 97.5 395
5-23 30-242 1.8-50.1 95.4-98.5 290-535
* Mean £ SD.
+ Median.

} Range.

Table 3. Content of zinc, copper, iron, sodium, and potassium
in brilliant blue, glycine, and oral rehydration solution

Zinc Copper Iron Sodium Potassium

(vg)  (ug) (ug) (mg) (mg)
Brilliant blue* 1.1 1.3 NDt 1.8 0.017
Glycinet 0.8 ND ND 0.02 0.009
Oral rehydration solution§ 8.4 10 125 1970 796

* Content of 20 mg of the marker.
1 Not detectable.

1 Content in 111 mmol of glycine.
§ Content in 1 L of oral solution.

cients for the regression against fecal output rates were r = 0.47,
r=0.64, r = 0.77. As shown in Figure 1, the correlations of the
electrolytes with fecal volume were of an even higher order, with
a difference in slope that reflects the different relative concentra-
tions of sodium and potassium in the original ORT solution.

Shown in Table 6 are the hemimatrices of correlation for all
five minerals, one with another. For fecal concentration, there
were strong correlations between each pair of trace metals, and
between sodium and potassium. The correlations of zinc and
copper with potassium concentration were also of high order. In
general, sodium concentration manifested a lower order corre-
lation with the concentrations of the trace metals in stools. For
excretion rates of the various minerals, the pattern is basically
similar. Sodium and potassium excretion rates correlated at a
level of r = 0.92. At least for copper and iron, the correlation
with sodium improves when expressed as excretion rate, relative
to the correlation with concentration. Finally, when evaluated
from the simultaneous intercorrelation of all three trace metals
within individuals (Fig. 2), a generally strong overall mutual
association could be demonstrated.

DISCUSSION

Diarrheal disease represents a major health challenge for the
under-5-y-old population of the developing world (1, 2). ORT
has provided a potent tool to reduce mortality from acute,
infectious diarrhea, but many questions about the nutritional
consequences have remained unresolved. Here we have evaluated
the effect of typical diarrhea, treated with two forms of ORT, on
five nutritionally important minerals. Three of them are trace
elements, present in the human body at less than 0.01% (32).
Each of these has its major role in intracellular functions, pri-
marily as components of metalloproteins and metalloenzymes.
In our study, exogenous sources of zinc, copper, and iron in oral
fluids (Table 3) was so minute as not to constitute an important
contribution to the fecal stream. Moreover, given the prior state
of fasting, the active diarrhea, and the lavage with ORT fluid,
the fecal trace metals must be considered to be primarily of

endogenous origin. The two additional minerals were electro-
lytes, presented both within cells and in the extracellular fluids.
The respective molar ratio of sodium and potassium in ORT is
9:2. Thus, fecal electrolytes in our subjects originated both in the
oral solution (exogenous) and from internal reserves {endoge-
nous).

The anthropometric profile of the children attending the IGSS
Hospital with acute diarrhea reveals a high prevalence of both
chronic and acute protein-energy malnutrition. A pertinent nu-
tritional question emerges in the consideration of our data. Does
the general nutritional status of the individuals influence the
tendency for a greater loss (or a greater conservation) of minerals?
In this regard, we found few significant associations between
anthropometry and trace mineral output, suggesting that under-
lying protein-energy status is not a determinant of mineral losses
during acute diarrhea.

Two biologic aspects of the trace metals of interest are worth
discussing. First, with prolonged dietary restriction, mammals,
including humans, have demonstrated the ability to conserve
zinc (33, 34), iron (35), and copper (36, 37) by reducing the rate
of endogenous loss. Second, the major route for excretion of the
endogenous excess of each of the trace metals in health to
maintain usual nutritional balance is not by way of the urine,
but rather into the fecal stream. In health, the physiologic mech-
anisms vary with each individual trace element. Zinc is excreted
primarily in pancreatic secretions (38, 39); iron is excreted as a
component of the desquamation of intestinal cells (35) and can
also be wasted as a consequence of occult hemorrhage; and
copper is excreted from the liver into the gut via the bile in a
form that is not readily reabsorbed (40, 41). The excretion of
both sodium and potassium is largely controlled by renal mech-
anisms under normal conditions of health, and only with diar-
rheal or emetic processes can the gastrointestinal loss of electro-
lytes exceed that of the kidneys.

In the context of these intrinsic similarities and differences
among the normal physiologic mechanisms for the metabolism
of the five minerals of interest, we can assess the convergent and
divergent patterns of fecal excretion behavior observed in states
of acute diarrhea and ORT administration. In none of the five
instances of fecal mineral excretion did the presence or absence
of glycine in the rehydration solution produce any difference.
There was a tendency to a greater fecal output of zinc with the
glycine-containing solution, but this fell short of statistical sig-
nificance. In fact, because zinc is excreted by the pancreas, the
additional stimulation of acinar secretion by the oral amino acids
(42, 43) might contribute to this trend toward a greater endoge-
nous zinc loss with the added glycine. The liberation of chole-
cystokinin-pancreozymin by amino acid passage through the
duodenum would also be expected theoretically to enhance
biliary secretion, but this was not reflected in any differential
excretion of copper according to the use of glycine in the ORT.

The rate of excretion of fecal fluids was clearly a factor in
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Table 4. Fecal excretion rates and concentrations of trace elements

Zinc Iron Copper
Excretion Concentration Excretion Concentration Excretion Concentration
Group (ug/kg/h) (mg/L) (ng/kg/h) (mg/L) (ug/kg/h) (mg/L)
ORT-GLU 6.55 + 5.59* 0.85 £ 0.75 8.96 + 7.63 0.90 £ 0.61 1.79 £ 0.95 0.20 £ 0.13
5.88+ 0.57 6.33 0.74 1.64 0.17
ORT-GLY 9.65 £ 5.69 1.38 £ 1.09 10.96 + 8.35 142 £ 1.14 2.06 + 1.14 0.31 £0.25
9.40 0.91 6.82 0.83 1.88 0.17
* Mean + SD.
T Median.

Table 5. Fecal excretion rates of electrolytes

Table 6. Correlation matrices among fecal excretion rates and
concentrations of minerals

Sodium Potassium
Co I Sodi Potassi
Excretion Concentration Excretion Concentration - pper ron odium ofassium
Group  (mg/kg/h) (g/L) (mg/kg/h) (g/L) Fecal excretion rates 0 0 0
Zinc 75 .62 0.34 .53
ORT-GLU 19.2 + 18.7* 1.38+040 13.0+89 1.08 £ 0.28 Clopper 0.75 0.67 0.85
12.4% 1.46 11.6 1.12 Iron 0.53 0.67
Sodi 0.92
ORT-GLY 188242 1172035 127+11.7 131074 odum ?
6.7 1.25 79 113 Fecal concentration
* Mean + SD. Zinc 0.90 0.71 -0.35 0.67
+ Median. Copper 0.70 ~0.45 0.87
Iron -0.37 0.49
Sodium —-0.61
70
63 -
’é 56 -
g o SODIUM Y- 143 + 145 X 7
2%7 o porassim r=098 P<0.01 ! Zine
o 424 ] fvtved iron
5 ' [ Copper X5
= s I s ; {
o E,0d [ 5 ] !
< 28 M ' H 1 !
=~ 3 I 'H 1 !
= Y =3.11+096 X S 'H i: 1 : |
o r=097 P<0.001 8 LH e ] : I
w14 g b H ! : I
g £ (I I 1. : : I
S 74 FRTS N (EI A HI FH (1 : : i
g (FO EO (HO FH L : S H
0 [E (O (I P 3 : . FEE TR H
T T T T T T T T T T T 1 M |: ] 5 R 1 5 : : ] ; M 'R ] :
(] 52 104 156 208 260 312 364 416 468 520 H :5 :5 THI (¥ . HE [ F H T [E
pmp Fecal Volume (ml/Kg/h) : T : ! H : 1 H
. . e . . . . . . H :
Fig. 1. The scattergram and linear regression equations for rate of oLl il la 76' 1(; P 210‘ ;: 2“ ;' 1'{
fecal excretions of sodium (open circles) and potassium (closed circles) 1036 86 ! Code
versus rate of fecal volume excretion. 30
determining the excretion rate of each of the individual minerals,
as the correlation coefficients of mineral outputs with volume
outputs range from 0.47 to 0.98. It is not unexpected that § 20 1
electrolytes that are contained in fixed amounts in the ORT 32
fluids and in relatively fixed amounts in diarrheal transudation  § . 1
(44) should have a strict linear relationship with changes in total g ' 1
fluid volume. It is of note that copper had a relationship to the & w0d B . H
rate of fluid lose with an r value as high as 0.77. Apparently, & H i !
however, associated factors, other than the rate of lavage of the : L e :
intestines with extrinsic and intrinsic fluids, were operating, as R e I :
the linear regression for the fecal concentration or excretion rates F I o
of any two trace metals together were generally higher than the oLl : H H

respective correlation with fecal volume. This suggests intuitively
that during the diarrheal episodes, the three trace minerals were
coming from a common pool within the body in which they
were in some fixed relation to one another. The intravascular
circulation and the epithelial cells of the gut are two possible
pools that could be contributing the metals with a relatively

4q 10G 1 6 126G 5G 4G 5 n 3 8 9G

Fig. 2. The individuals in the series are ranked in descending order
of their individuals rates of fecal excretion of zinc. Shown along side
each solid zinc excretion bar is the interrupted bar representing iron
excretion rates and the dotted bar representing copper excretion rates
(X5).
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stable intermineral ratio. The intracellular concentration of in-
testinal cells is not known but the ratio of zinc:iron:copper of
approximately 5:5:1 (Fig. 2), is not dissimilar from the dietary
pattern. If enterocytes retained untransferred trace metals in
roughly the proportions to which they were exposed to them
from the lumen, the mucosal epithelium would represent a strong
candidate as the “common source.”

However, a similar argument can be made with respect to the
plasma if the loosely bound fractions are considered. The relative
concentrations of zinc, iron, and copper in the circulation is
about unity. However, both the zinc on its albumin carrier and
the iron on its transferrin carrier are easily removed, and only
about 10% of circulating copper is not firmly incorporated in
ceruloplasmin (45). Thus, if the loosely bound plasma trace
metals were appearing in the fecal stream by transudation, a
similar pattern of zinc and iron in equivalent amounts, and
copper in reduced amounts, would be expected. Thus, strong
arguments for the derived pattern coming from either desqua-
mated epithelial cells of the gut or transudation of plasma are
both logically sustainable. Without further experimentation, no
rational means to decide between these two options is presented.

The ratio of sodium to potassium in the oral fluid is 9:2, but
this is modified to approximately 2:1 in the fecal excretion.
Unlike the trace metals, which are not represented in oral intake,
sodium, potassium, and water have a potential for bidirectional
flux, i.e. from body-to-lumen and from lumen-to-body. The fact
of successful rehydration in 21 of 24 patients is testimony to a
net accumulation in the body of water and sodium. The final
resultant fecal electrolyte concentration is most likely the result
of a differentially greater extraction of water and sodium, than
potassium, from the ORT fluids.

Given the enduring importance of diarrhea as a public health
problem for the children of the developing world and given the
emerging importance of trace metal nutrition as a topic in the
Third World, it was timely to quantitate the degree of losses of
zing, iron, and copper from the body stores during episodes of
infectious gastroenteritis. Three trace metals with some overlap-
ping, but some vastly different metabolic properties, seem to
behave similarly within individuals regarding relative endoge-
nous losses. The biologic bases for this excretory association
during diarrhea and ORT treatment are not yet clarified.
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