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ABSTRACT

The objective of this study was to determine the
effects of dietary vanadium on small intestinal
morphology of broilers by the methods of light
microscopy (LM) and transmission electron mi-
croscopy (TEM). A total of 420 one-day-old avian
broilers were divided into six groups (seven
replicates in each group and ten broilers in each
replicate) and fed on a control diet or the same
diet supplemented with 5, 15, 30, 45 and 60
mg/kg vanadium in the form of ammonium
metavanadate for 42 days. In comparison with
those in the control group, the intestinal villus
heights were decreased (P < 0.05 or P <0.01) in
the 30, 45 and 60 mg/kg groups, and crypt
depths and villus height/crypt depth ratio were
decreased in the 45 and 60 mg/kg groups. Ultra-
structurally, the microvilli were apparently spar-
se and short, and the numbers of lysosomes
were increased in abovementioned three intes-
tines in the 45 and 60 mg/kg groups at 42 days of
age. In conclusion, dietary vanadium in excess
of 30 mg/kg could alter the villus height, crypt
depth, villus height/crypt depth ratio and ultra-
structure, which might impact the development
of small intestines in broilers.

Keywords: Vanadium; Villus; Crypt; Microvillus;
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1. INTRODUCTION

Vanadium as a “slightly” toxic has been ratified to be
an essential trace element with anti-diabetic and anti-
carcinogenic properties during the last few decades [1]. A
number of observations have demonstrated that the bio-
logical importance of vanadium [2], such as the insu-
lin-like function [3,4], or the antidiabetic agent [5]. Va-
nadium also is a potent inhibitor of several phosphohy-
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drolases such as Na'K"-ATPase [6] and Ca’"-ATPase [7],
an activator of adenyl cyclase [8] and a potent anti-car-
cinogenic agent [9]. There are some reports regarding the
effects of vanadium on lymphoid organs, liver and kid-
ney [10-13].

Our previous researches have focused on the effect of
vanadium in diets on the population of T cells, the con-
tent of cytokines and oxidative stress in small intestine
[14-16], while the effect of dietary vanadium on small
intestinal morphology has been rarely reported at present.
The absorptive functions of the intestine are related to its
morphology and any alterations in morphology may pre-
dispose the intestine to function disorder [17-19]. The
objective of this study was to determine the effect of
dietary vanadium on intestinal morphology in broilers by
the methods of light microscopy (LM) and transmission
electron microscopy (TEM), and provided the systematic
data about the influences of dietary vanadium on the
morphology of small intestines in broilers, and helpful
information for the same or similar studies in both hu-
man and other animals in the future.

2. MATERIALS AND METHODS

Broilers and Diets. A total of 420 one-day-old healthy
avian broilers were randomly divided into six groups
with 70 broilers in each group. There were seven repli-
cates in each group and ten broilers in each replicate.
Two of seven replicates in each group were used for the
clinical observation during the experiment. Broilers were
housed in cages with electrically heated units and were
provided with water as well as the undermentioned diets
ad libitum for 42 days.

A corn-soybean basal diet formulated by NRC (1994)
was used as a control diet. 11.5, 34.45, 68.87, 103.33,
137.75 mg ammonium metavanadate were mixed into
the corn-soybean basal diet to produce experimental diets
with 5, 15, 30, 45 and 60 mg/kg of vanadium, respec-
tively.

The use of chickens in our experiments was followed
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and all experimental procedures involving animals were
approved by Sichuan Agricultural University Animal
Care and Use Committee.

Sample Collection and Handling. The experiment
lasted for 42 days. Briefly, five broilers in each group
were euthanized at 14, 28 and 42 days of age and the
small intestinal sections were collected from the duode-
num, jejunum and ileum. Small intestinal tissue (1 cm?)
were fixed in 4% formalin solution. After rinsing with
water, the samples were dehydrated in a graded series of
absolute ethanol (50%, 70%, 80%, 90%, 100%), cleared
with benzene twice, saturated with and embedded in par-
affin. Sections of 7 um thickness (10 slices of each sam-
ple) were stained with haematoxylin/eosin and prepared
for observing by the light microscopy.

Histological Observation. A color video camera (Ni-
kon 3 CCD) and a light microscope (Olympus, Japan)
were used to observe the morphological changes. The
small intestinal villus height and crypt depth were deter-
mined by Image Pro Plus analysis program. The villus
height/crypt depth ratio was determined as the ratio of
villus height to crypt depth.

Ultrastructural Observation. The ultrastructure was
examined by the method of transmission electron Mi-
croscopy (TEM). The tissue was processed by routine
methods for TEM as described by Elbrend et al. [20,21].
The area of interest was framed with silver paint and the
tissue block meticulously cut from the stub and trans-
ferred to 100% pure ethanol. The block was kept in the
alcohol for at least 1 h and then cut into pieces suitable
for TEM (1 mm’). These tissue blocks were then pre-
pared following the normal standard embedding proce-
dure. The TEM preparations were examined in a JEOL
1200 EX transmission electron microscope at 60 kV.

Statistical Analysis. The significance of difference
among six groups was analyzed by variance analysis, and
results presented as means + standard deviation ()? + S) .
The analysis was performed under SPSS 12.0 for win-
dows.

3. RESULTS

Clinical Observation. Broilers grew much faster in 5

Table 1. Change of the body weight (g) in experimental chickens.
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mg/kg group and much slower in 30, 45 and 60 mg/kg
groups than in control group. Broilers in 45 and 60
mg/kg groups showed decreased feed intake and depres-
sion. Loss of body weight was observed in 30, 45 and 60
mg/kg groups respectively at the end of the experiment
when compared with that of control group. The change
of the body weight is shown in Table 1.

Gross and Histological Changes in Small Intestines.
Gross changes were not observed in the small intestines.
Histologically, changes were observed only on villus
height, crypt depth and villus height/crypt depth ratio in
the small intestines. The villus height, crypt depth and
villus height/crypt depth ratio were used to reflect intes-
tinal development. Effect of dietary vanadium on the
abovementioned three parameters was found to be not
significant in duodenum, jejunum and ileum of the 5
mg/kg and 15 mg/kg groups. However, dietatry vana-
dium in 30, 45 and 60 mg/kg could impact the three pa-
rameters in intestines.

Duodenum. In comparison with that of control group,
the duodenal villus heights were significantly decreased
(P<0.05 or P<0.01) in the 30 mg/kg group at 28 and 42
days of age, and in the 45 and 60 mg/kg groups from 14
to 42 days of age. The crypt depths were significantly
lower (P < 0.05 or P < 0.01) in the 60 mg/kg group from
14 to 42 days of age, and in the 45 mg/kg group at 28
and 42 days of age than those in the control group. The
villus height/crypt depth ratio was decreased (P < 0.05 or
P < 0.01) in the 45 and 60 mg/kg groups at 42 days of
age. The results were shown in Figures 1-3.

Jejunum. Changes of the jejunum were similar to
changes of the duodenum. The jejunal villus heights
were decreased (P < 0.05 or P < 0.01) in the 30 mg/kg
group at 14 and 42 days of age, and in the 45 and 60
mg/kg groups from 14 to 42 days of age when compared
with those of control group. The crypt depths were lower
(P <0.05) in the 45 mg/kg group at 14 days of age and in
the 60 mg/kg group from 14 to 42 days of age than those
in the control group. The villus height/crypt depth ratio
was significantly decreased (P < 0.05 or P < 0.01) in the
45 and 60 mg/kg groups from 14 to 42 days of age ex-
cept the 45 mg/kg group at 14 days of age. The results

7 days 14 days 21 days 28 days 35 days 42 days
control 144.00 + 6.70 308.20 + 10.56 595.50 +11.52 945.00 + 11.05 1418.10 £ 10.79 1974.70 + 36.527
5 mg/kg 141.20 + 13.68 307.50 £ 12.58 628.10 £ 11.13" 969.40 £ 30.95 1457.90 £ 10.45™ 215520 + 47.85™
15 mg/kg 123.90 + 12.43" 263.60 + 10.78" 567.50 £ 11.33" 900.10 + 12.33" 1371.80 +9.82" 1871.60 + 49.40™
30 mg/kg 11230 £ 12.96™ 246.20+10.29" 479.60 + 12.38" 878.80 + 10.99" 1261.50 £ 10.61™ 1650.30 + 41.05™
45 mg/kg 120.70 £ 12.13™ 191.30+10.73" 358.40+13.21" 557.60+19.31" 814.30 + 8.60" 1083.90 + 40.84"
60 mg/kg 98.60 +9.01" 170.40 + 15.07" 310.30 +11.98™ 51430+ 11.60™ 774.80 +15.12" 1020.40 + 29.05™

Data are presented with the means + standard deviation (n = 5); ‘P < 0.05, compared with the control group; P < 0.01, compared with the control group.
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Figure 1. Effect of dietary vanadium on duodenal Villl;lS heights (um); Data are pre-
sented with the means + standard deviation (n = 5); P < 0.05, compared with the
control group; ~P < 0.01, compared with the control group.
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Figure 2. Effect of dietary vanadium on duodenal crypt depths (um); Data are pre-
sented with the means + standard deviation (n = 5); "P < 0.05, compared with the
control group; P < 0.01, compared with the control group.
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Figure 3. Effect of dietary vanadium on duodenal villus height/crypt depth ratio;
Data are presented with the means + standard deviation (n = 5); P < 0.05, compared
with the control group; P < 0.01, compared with the control group.
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were shown in Figures 4-6.

lleum. The ileac villus heights were significantly lower
(P <0.05 or P<0.01) in the 30 mg/kg group at 14 and 42
days of age, and in the 45 and 60 mg/kg groups from 14
to 42 days of age than those in the control group. The
crypt depth were decreased (P < 0.05) in the 60 mg/kg
group from 14 to 42 days of age, and in the 45 mg/kg
group at 14 and 28 days of age. The villus height/crypt
depth ratio was significantly lower (P < 0.01) in the 30
mg/kg group at 42 days of age, in the 45 mg/kg at 14 and
42 days of age and in the 60 mg/kg group from 14 to 42
days of age than those in the control group. The results

1200

were shown in Figures 7-9.

Ultrastructure. The duodenal microvilli were appar-
ently sparse and short, and the numbers of lysosomes
were increased in 45 and 60 mg/kg group at 42 days of
age in comparison with those of the control group. The
similar situations were observed in the other two intes-
tines. The results of TEM were shown in Figures 10-15.

4. DISCUSSION

Changes in the development of enterocytes and in the
structure of villi determine the digestive and absorptive
capacity of the small intestine [22]. The villus height,
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Figure 4. Effect of dietary vanadium on jejunal villus heights (um); Data are presented with
the means + standard deviation (n = 5); ‘P < 0.05, compared with the control group; “'P < 0.01,

compared with the control group.
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Figure 5 Effect of dietary vanadium on jejunal crypt depths (um); Data are presented with
the means + standard deviation (n = 5); P < 0.05, compared with the control group; P <

0.01, compared with the control group.

Copyright © 2012 SciRes.

OPEN ACCESS



K. P. Wang et al. / Health 4 (2012) 667-674 671

mControl
mdSmg/kg
ml5mg/kg
m30mg/kg
m45mg/kg
60 mg/kg

14 Days 28 Days 42 Days

Figure 6. Effect of dietary vanadium on jejunal villus height/crypt depth ratio; Data
are presented with*'ihe means + standard deviation (n = 5); ‘P < 0.05, compared with
the control group; P < 0.01, compared with the control group.
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Figure 7. Effect of dietary vanadium on ileac villus* heights (um); Data are pre-
sented with the means =+ standard deviation (n = 5); P < 0.05, compared with the
control group; ~P < 0.01, compared with the control group.
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Figure 8. Effect of dietary vanadium on ileac crypt depths (um); Data are presented
with th*e* means + standard deviation (n = 5); P < 0.05, compared with the control
group; P <0.01, compared with the control group.
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Figure 9. Effect of dietary vanadium on ileac villus I}eight/crypt depth ratio; Data are pre-
sented xith the means + standard deviation (n = 5); P < 0.05, compared with the control
group; P <0.01, compared with the control group.

Figure 10. Duodenal villus ultrastructure in control group at 42
days of age (TEM x 10,000).

Figure 11. Duodenal villus ultrastructure in 60mg/kg group at
42 days of age. The microvilli are apparently sparse and short
and the numbers of lysosomes are increased (TEM x 10,000).

Copyright © 2012 SciRes.

Figure 12. Jejunal villus ultrastructure in control group at 42
days of age (TEM x 10,000).

2 RS
Figure 13. Jejunal villus ultrastructure in 60mg/kg group at 42

days of age. The microvilli are apparently sparse and short
(TEM x 10,000).
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Figure 14. Tleac villus ultrastructure in control group at 42 days
of age (TEM x 10,000).

Figure 15. Tleac villus ultrastructure in 60 mg/kg group at 42
days of age. The microvilli are apparently sparse and short and
the numbers of lysosomes are increased (TEM x 10,000).

crypt depth and villus height/crypt depth ratio are direct
representation of the intestinal environment and may be
used as indicators of intestinal health. Previous studies
have proved that villus height/crypt depth ratio was an
end point in assessing the developmental state of an in-
dividual’s intestine [23].

In the present study, we found that dietary vanadium in
the range of 30 - 60 mg/kg caused marked effect on the
small intestinal villi (duodenum, jejunum and ileum),
including the shortened villus height and crypt depth and
the decreased villus height/crypt depth ratio in the small
intestines. The negative influences were found to be most
severe in the 45 and 60 mg/kg groups, implying that die-
tary vanadium in range of 45 - 60 mg/kg could impact
the growth and development of small intestines.

Ultrastructure examination revealed that the microvil-
lus height was shorter and the numbers of lysosomes in
enterocytes were increased in the 45 and 60 mg/kg group
at 42 days of age. The increased number of lysosomes

Copyright © 2012 SciRes.

may indicate an increase in the amount of denatured
protein and damaged organelles [24], which is consistent
with results in the present study. Increased denatured
protein and damage organelles may impact the microvil-
lus growth and then impact the intestinal villus growth.

Our previous studies have proven that dietary vana-
dium in 30, 45 and 60 mg/kg can impact the local muco-
sal immune function of the intestine in broilers [14] and
lead to a body weight loss [16], which is consistent with
the negative effect of vanadium on the small intestines in
broilers in the present study.

In conclusion, it is clear that dietary vanadium in ex-
cess of 30 mg/kg can restrain the growth of villus and
crypt, reduce the villus height/crypt depth ratio, and alter
the ultrastructure in the small intestines. The abovemen-
tional changes may impact the intestinal development in
broilers. However, dietary vanadium in 5 mg/kg may
promote the growth of broilers.
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