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TABLE II.
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FACTOR ANALY SIS OF THE RELATIONS AMONG INDICES OF BONE DENSITY AND/OR QUALITY, ANTHROPOMETRIC
CHARACTERISTICS, AND PARAMETERS OF BONE REMODELING CALCULATED FROM SPERMAN’'S CORRELATION MATRIX*

Factor loadings
Factor 1 Factor 2 Factor 3
Variance
Density, structure,

Factor no. Eigenvalue % Cumulative % Variable Communality and fragility Elasticity Remodeling
1 333 46.8 46.8 Number of fractures 0.127 —-0.327 —0.110 0.090
2 1.58 22.2 69.0 BMI 0.248 0.474 —0.126 0.085
3 121 17.0 86.0 BMD at the hip 0.651 0.793 0.144 —0.023
4 0.42 5.9 91.9 BMD at the spine 0.428 0.623 0.044 0.195
5 0.38 53 97.2 BUA 0.800 0.745 0.474 —0.143
6 0.15 21 99.3 Stiffness index 0.970 0.448 0.873 —0.089
7 0.05 0.7 100.0 SOSs 0.867 0.010 0.931 0.018
8 0.00 0.0 100.0 Serum (ucOC/OC) 0.108 0.015 0.328 0.020
9 0.00 0.0 100.0 Serum ICTP 0.488 0.154 0.106 0.673

10 0.00 0.0 100.0 Urinary DPD (2 h) 0.321 0.008 —0.100 0.558
11 0.00 0.0 100.0 Serum OC 0.501 —0.045 0.077 0.702
12 0.00 0.0 100.0 Y ears since menopause 0.601 —0.483 —0.281 0.537

* VARIMAX rotation followed factor analysis. Factor loadings represent correlation coefficients between factors and variables, and communality is a
measure of the shared variability between the variable and all remaining variables. The number of factors was determined with Kaiser's criterion (only
the factors with eigenvalue greater than 1 were included). In this case it means that 86% of the total variability from 12 original variables was ex-
plained by only three factors. The boldface text denotes the relevant information in individual statistical parameters.

BMD, bone mineral density; BUA, broadband ultrasound attenuation; DPD, deoxypyridinoline; ICTP, carboxy-terminal telopeptide of type 1 procolla-
gen; OC, osteocalcin; SOS, speed of sound; ucOC, undercarboxylated osteocalcin

problem of cross-reactivity between OC and the molecule frag-
ments also may have limited the interpretation of this parameter.

To summarize, the present study did not confirm associations

between serum ucOC and bone density in early postmenopausal
women. However, it indicated a moderate relation of ucOC to bone
elasticity. Association analyses in women subdivided according to
fracture type are needed.
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Zinc, Copper, and Iron in Plasma
and Tissues After Intestinal
Ischemia and Reperfusion

in the Rat

INTRODUCTION

The plasma and tissue content of trace minerals such as zinc,
copper, and iron are significantly affected by stress,* burns,2 and
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infection.3 An inflammatory response has been reported to de-
crease the serum concentration of zinc and iron and increase the
blood levels of copper.# A combined insult of burn and infection?
results in an exacerbation of the zinc response of the host.

Intestinal ischemia is a common event in traumatic injury or
major surgery. Whereas extended periods of ischemiaimpair organ
function, restoration of blood flow may incite an inflammatory
response. The function of the gut5 and of remote tissues such as
liver, lung,® and bone marrow? are adversely affected by intestinal
ischemia followed by reperfusion (I/R). The decreased bone mar-
row function was also associated with a decrease in the immune
function of the host.”

MATERIALS AND METHODS

This study was designed to measure the temporal change in tissue
zinc, copper, and iron content after 45 min of intestinal I/R.
Sprague Dawley male rats (n = 40, 125-150 g) were housed in
acid-washed, stainless steel metabolic cages and received the AIN
93-G diet (Dyets Inc., Bethlehem, PA, USA) and deionized water
ad libitum until the ischemic phase of the study. The experiments
were performed in accordance with the National Research Council,
Institute for Laboratory Animal Resources, Guide for the Care and
Use of Laboratory Animals and were approved by the Animal Use
Committee of Texas Woman's University.

Rats were anesthetized (2% isoflurane at 2 L/min in 100%
oxygen); intestinal ischemia was induced by superior mesenteric
artery (SMA) occlusion, as previously described.® At 0, 0.5, 2, 5,
and 24 h after the start of intestinal reperfusion, rats were anes-
thetized and exsanguinated through the abdominal aorta, with the
blood collected into a heparinized vacutainer tube. The intestine,
liver, thymus, and lung were carefully removed using stainless
steel instruments. Tissue and plasma zinc, copper, and iron con-
tents were determined with a VVarian Spectr AA-40 atomic absorp-
tion spectrometer (Varian, Inc., Pao Alto, CA, USA).

Statistical analysis was done with SPSS 8.0 for Windows
(1998). Means for each organ were compared by two-way analysis
of variance. If the analysis for the group was significant (P <
0.05), theindividual means were compared with Fisher’s protected
least significant difference (PLSD) post hoc analysis.

RESULTS

The changesin plasma concentration (wg/mL) and liver and spleen
zinc content (ug/g wet tissue) are shown in Table I. The plasma
zinc concentration at 5 h after I/R or sham surgery was signifi-
cantly decreased as compared with the concentration before, or at
0.5 (data not shown) and 2 h after reperfusion. The plasma con-
centration was increasing but had not reached baseline levels after
24 h of reperfusion. The zinc content of liver and spleen was
similar for the first 5 h but was significantly higher at 24 h after
reperfusion. There was no significant temporal effect on the zinc
content of the small intestine, thymus, or lung of sham or I/R rats.

The copper content of the liver was significantly increased at
24 h after 1/R as compared with the sham group (data not shown);
no other temporal effect was observed. I/R, however, did not affect
the copper content of the plasma, spleen, small intestine, thymus,
and lung. There was no temporal or I/R effect on the iron content
of plasma and organs (data not shown).

DISCUSSION

The effect of intestinal 1/R on the plasma and tissue zinc, copper, and
iron contents have not been determined. Inflammation in response to
many factors'—4 has been shown to ater the plasma concentration of
trace elements. The results of the present study suggest that the major
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TABLE I.

EFFECT OF ISCHEMIA AND REPERFUSION ON THE ZINC
CONTENT OF RAT PLASMA, LIVER, AND SPLEEN

Hours after
release of Status of
SMA intestinal Plasma Liver Spleen
occlusion reperfusion* (ng/mL) T (ng/g)t (ng/g)t
0 Sham 79+11 144+26 831 + 208
I/IR 6.0+ 4.2 87 + 27 902 + 181
2.0 Sham 72+18 134 = 61 831 + 157
IIR 6.7+ 11 135 + 66 782 + 314
5.0 Sham 33+06F 142+45 686 + 208
I/R 32+ 05f 185+ 102 914 + 139
24 Sham 6.4+22 312+52f 1354 + 433t
I/IR 57+29 319 + 63% 1298 + 367+

* Each group had four animals except the 24-h sham group, which had
SiX.

T Data are mean *+ standard deviation.

T Means differ significantly (P < 0.05) compared with all previous time
points.

I/R, ischemia then reperfusion; SMA, superior mesenteric artery.

effect of intestina I/R is on the plasma and tissue contents of zinc.
Lindman et a.8 reported that major surgery and other tissue injuries
such as acute myocardia infarction and acute Klebsiella pneumonia
result in adecrease in plasmazinc that returns to normal after healing
or clearing of theinfection. Brambila et d.® demonstrated that a 4-cm
abdomina incision results in a decrease in serum levels between 15
and 20 h after surgery, which is accompanied by an increase in the
liver zinc content. This differed from our study in that the surgical
incison was greater in our study. In addition, theincision in our study,
athough covered with saline-soaked gauze and a plagtic sheet, was
not closed until 45 min after theincision to allow accessto removethe
SMA clamp. The recovery of serum zinc in the study by Brambila et
al.® was evident by 24 h after surgery. These differences between the
results of our study and those of Brambila et a. suggest that the
greater the stress, the greater the depression of plasma zinc and the
dower the recovery of zinc content. Our data, however, will not alow
us to make any further conclusions as to the kinetics of this recovery.

The results confirm that tissue injury such as that from major
surgery will have a significant impact on the plasma and tissue
contents of zinc. The results suggest that zinc is more susceptible
to injury than is copper or iron in plasma and tissues. The signif-
icance of these aterations is currently being investigated.
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