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The site of absorption of zinc in the small 
intestine of the rat has not been completely 
clarified. Using ligated intestinal segments 
in vivo (1) 65Zn appeared to be absorbed 
most rapidly by the duodenum followed by 
the ileum and jejunum consecutively. These 
results were confirmed by measurement of 
the relative rates of absorption of (j5Zn by 
ligated rat small intestine (2): Investigation 
of zinc absorption by in vitro techniques 
produced conflicting results. Measurement 
of zinc uptake by isolated intestinal seg- 
ments (3) showed that the ileum absorbed 
more zinc than the duodenum while the 
jejunum absorbed the least amount of zinc. 
A similar in vitro study (4) found that the 
duodenum was the least active site of zinc 
absorption and the ileum was most active. 
The effect of the dietary zinc status on the 
zinc content of the small intestine, and its 
possible value in determining the site of 
zinc absorption has not been extensively in- 
vestigated. Rats fed a diet containing 58 
pg/g of zinc had a relatively constant zinc 
content of 50 pg/g of tissue along the entire 
length of the small intestine (3). A lower zinc 
content in zinc-deficient rats when compared 
zinc-adequate controls was found in rat 
jejunum (5) and chick duodenum (6). More 
extensive studies of chick small intestine (7) 
showed that the duodenum and ileum re- 
sponded rapidly to changes in the dietary 
zinc status but that the high duodenal con- 
tent in zinc-adequate and zinc supplemented 
controls probably represented zinc in the 
process of excretion into the gut. 

We have carried out two separate studies 
with different approaches to determine the 
site of zinc absorption and perhaps to explain 
some of the results which appear to be so 
much at  variance. In the first we compared 
the distribution of zinc in the small intestine 
of zinc-deficient rats with those fed a diet 
adequate in zinc. In the second the absorp- 
tion of 65Zn by isolated intestinal segments 

was measured and expressed in terms of two 
different parameters; per unit weight and 
per unit length of intestine. 

Material and Methods. The distribution of 
zinc in zinc-dejicient and control rat small 
intestine. Male Wistar rats weighing between 
45 and 65 g were divided into two groups of 
15 and housed individually in stainless steel 
cages. Animals had free access to water and 
were fed ad lib. either a zinc-deficient diet 
containing 2.3 pg/g zinc or the same diet 
supplemented with 20 pg/g zinc as zinc 
chloride. Diets were prepared from a copper 
and zinc-deficient ration (General Biochemi- 
cals Inc., Chagrin Falls, OH) supplemented 
with 5 pg/g copper as CuS04-7H2O. After 
6 wk the animals were sacrificed. Control 
animals weighed between 250 and 300 g; 
zinc-deficient animals between 75 and 125 g. 
Four animals in each group were examined 
postmortem. The small intestines of the 
remaining animals were removed, dissected 
free of adhering tissue, flushed with cold 
isotonic saline and divided into five segments 
of equal length. Each segment was weighed, 
wet ashed in a mixture of nitric and per- 
chloric acids and the zinc content was 
determined by atomic absorption spectrom- 
etry. 

The absorption of 65Zn by segments of rat 
small intestine in vitro. Twelve male Wistar 
rats were fed ad lib a commercial ration 
containing 77 pg/g zinc. Animals weighing 
between 150 and 200 g were starved for 18 
hr before use and killed with chloroform. 
The small intestine was removed, dissected 
free of adhering tissue, flushed with cold 
saline and everted. Each intestine was placed 
in a 50 ml Erlenmeyer flask with 25 ml of a 
solution containing 0.145 M-NaCl, 0.004 
M-Tris, pH 7.4, 0.04 M-D-Mannose (4) and 
0.1 pCi/ml C5ZnCl2 (S.A. 1140 pCi/mg 
zinc) and incubated in a shaking water bath 
at  37" for 1 hr. The medium was gassed 
continuously with 95% oxygen, 5 %  carbon 
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dioxide. After incubation the intestines were debris was present in the lumen of the 
removed, carefully blotted to remove excess 
fluid and cut into segments 2.5 cm long. Each 
segment was weighed and the 65Zn uptake 
determined by counting in a gamma well 
detector. Absorption was expressed as the 
65Zn uptake (cpm) per g of fresh tissue and 
cpm per 2.5 cm segment. The uptake of 
65Zn was plotted against the position of the 
segment in the intestine and expressed as a 
percentage of the total length of the intestine. 

Results and Discussion. Animals fed the 
zinc-deficient diet displayed lesions similar 
to those previously described (8). Growth 
was severely retarded (Fig. 1)  and post- 
mortem examination showed extreme ema- 
ciation. Hyperkeratosis of the skin extended 
into the oesophagus, and keratinized cell 
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FIG. 1. The growth curves of rats fed a zinc- 
deficient diet (0) and the same diet supplemented 
with 20 pg/g zinc (a). Animals were fed ad fib. and 
had free access to water. 

oesophagus and stomach. The entire wall of 
the small intestine was reduced in thickness 
and there was considerable degeneration of 
the pancreas. Microscopic examination 
showed degenerative changes of the mucosal 
epithelium and discontinuity of the brush 
border. 

The distribution of zinc in zinc-deficient 
and control rat small intestine is presented 
in Table I. The control animals had the 
lowest zinc concentration in the second 
segment and the highest in the fifth segment, 
the distal ileum. The zinc-deficient rat small 
intestine exhibited a small but significant 
increase in zinc content from the second 
segment to distal ileum, although the con- 
centration of zinc was reduced in each of the 
five segments examined. The control values 
differ from others reported (3) but since the 
zinc intake was lower they may reflect the 
reduced dietary zinc content. Chick small 
intestine (7) showed a rapid response to 
changes in the dietary zinc status suggesting 
that the difference between the zinc content 
of zinc-deficient, and control small intestine 
could represent zinc in the process of ab- 
sorption. Change in the duodenal zinc 
content however, are complicated by the 
excretion of zinc into the intestine in this 
region. If the change in zinc content with 
dietary zinc status in the small intestine 
reflects the site of zinc absorption, our 
results suggest that the distal ileum is the 
most active region of zinc absorption and the 
jejunum is least active. 

The in vitro accumulation of 65Zn by seg- 
ments of everted rat small intestine showed 
two distinctly different patterns of zinc 

TABLE 1. THE DISTRIBUTION OF ZINC IN THE SMALL INTESTINE OF RATS FED ZINC-DEFICIENT AND CON- 
TROL DIETS. 

Zinc content of intestinal segments &g/g fresh tissue) 

Proximal 
Dietary treatment 1 2 3 

Distal 
4 5 

(5)" (9) (9) (9) (9) 

(5 1 ( 5 )  ( 5 )  (5 )  ( 5 )  
Control 27.0 f 1.7* 19.8 f 1.3 26.8 f 1.3 29.7 f 1.6 38.3 f 1 . 4  

Zinc-deficient 17.5 f 0 .4  17.3 f 0 . 7  20.3 f 0 . 6  21.3 f 0 .8  24.3 f 0 . 6  

a Number of animals. 
Mean f standard error of the mean. 
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FIG. 2. The uptake of &Zn by rat in intestinal 
segments in vitro expressed per g fresh tissue and per 
2.5 cm segment. The position of the segment is shown 
as a percentage of the total length of the small in- 
testine. Each bar represents the mean and standard 
deviation of 12 segments. 

uptake when compared per unit weight and 
per unit length of tissue (Fig. 2). On a weight 
basis, rat small intestine showed a steady 
increase in 65Zn uptake from the duodenum 
to distal ileum. It is reasonable to assume 
that the absorption of 65Zn is dependent, at 
least in part, on the area of the absorptive 
surface, and since the thickness of the wall 
of the small intestine and the structure of 
the mucosal epithelium varies along its 
length, the ‘j5Zn uptake per g of tissue may 
not reflect the true pattern of zinc absorp- 
tion. Since it is difficult to precisely measure 
the mucosal surface area, results were ex- 
pressed per unit length (2.5 cm segment) of 
intestine. A bimodal pattern of 65Zn uptake 
was observed when presented per unit 
length of intestine but the range of values 
was narrower than when expressed per unit 
weight of tissue. Calcium uptake by chick 
small intestine (9) has been reported per 
unit weight and per unit area of intestine, 
but the difference between the patterns of 
absorption was not as great as found for 
zinc in the present study. 

Neither result, however, may represent 
precisely the site of zinc absorption in the 
live animal. Competing ions (10, l l ) ,  pH 
(12), complex formation (13, 14) and other 
specific factors may restrict zinc absorption 
in particular intestinal locations in vivo. It is 
clear that the units by which absorption is 
expressed can dramatically alter the ob- 
served pattern of zinc uptake and may ac- 
count for the discrepancies found by com- 

parison of published in vivo and in vitro 
studies of zinc absorption. 

Summary. Rats fed a zinc-adequate diet 
exhibited a nonuniform distribution of zinc 
in the small intestine. The zinc content of 
zinc-deficient rat small intestine was reduced, 
particularly in the duodenum and distal 
ileum. It is possible that the difference in 
the intestinal zinc content may reflect the 
rate of zinc absorption in the tissue. Uptake 
of ‘j5Zn by intestinal segments in vitro showed 
that the pattern of absorption obtained is 
dependent upon the parameters used for 
quantitation. This observation could ac- 
count for the variation between the results 
obtained by different experimental methods 
of determining the site and rate of absorption 
of the nutrient. 
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