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Summary

Shomali, T., S. Hamedi & H. Solhdoost, 2017. Levamisole improves histomorphometric pa-
rameters of small intestinal wall of broiler chickens. Bulg. J. Vet. Med., 20, No 4, 385-391.

Sixty one-day old chickens were divided into 6 equal groups and treated with 0, 2, 5, 10, 15 and 25
mg/kg levamisole from day 1 to 45. Then, all birds sacrificed and samples were taken from duode-
num, jejunum and ileum. Cross-sections were made and H&E stained. Histomorphometric parameters
including villus height, crypt depth, villus width, sub mucosal width, muscular layer width and the
villus height/crypt depth ratio were determined. Duodenal villi became wider in all levamisole treated
groups but only the highest dose resulted in taller villi. Jejunal villi became taller without significant
change in their width. This was accompanied by a decrease in crypt depth and increased villus
height/crypt depth ratio in all treated groups. In ileum, only birds treated with the highest dose had
higher villus height, although levamisole at all doses resulted in wider villi. Sub mucosal width in-
creased in birds treated with 15 and 25 mg/kg levamisole. In conclusion, levamisole can improve
histomorphometric parameters of small intestinal wall of broiler chickens. This can partly explain the
mechanism for previously described positive effects of levamisole on performance of broilers.

Key words: broilers, histology, levamisole hydrochloride, small intestine

Improving performance parameters of
birds and reducing the costs of discase
prevention and/or treatment results in
economically significant outcomes in
broiler industry. Traditionally, synthetic
chemicals and antibiotics have been used
to prevent or treat poultry diseases and
enhance performance with at least partial
success. Achieving an optimal growth

performance includes balanced nutrition,
proper management and prophylactic
measures against diseases, for example,
by the use of immunostimulants.
Levamisole (LMS) is the levo isomer
of ditetramisole, which is a racemic mix-
ture. It is widely used in cattle, sheep,
goats, swine and poultry and is effective
against lung worms and gastrointestinal
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nematodes. This agent is currently being
used to treat capillaria infection in poul-
try, and its recommended anthelmintic
dosage in poultry is 25 mg/kg body
weight. Different researchers have shown
positive effects of LMS on immune re-
sponses of avian species (Habibi et al.,
2012; Oladele et al., 2012; Shomali et al.,
2012). On the other hand, in a study per-
formed by Porchezhian & Punniamurthy
(2006) LMS given orally in different dose
levels to broilers had positive effect on
performance parameters including re-
duced cumulative feed intake and en-
hanced cumulative feed efficiency as well
as cumulative body weight gain.
Morphological changes of intestines
are important in determining animal per-
formance due to changes in the absorptive
area and absorptive capacity; they affect
digestion and absorption of nutrients. In
fact, intestinal morphology is a main indi-
cator of gut health and its functional
status. Small intestine, especially crypts
and villi of the absorptive epithelium, play
a significant role in the final phase of nu-
trient digestion and absorption (Wang &
Peng, 2008). Intestinal development can
be evaluated through measurements of the
crypt, a region in which new intestinal
cells are formed, as well as villus height
and surface area, to determine the area
available for digestion and absorption
(Swatson et al., 2002; Franco et al., 2006).
As far as we know, there is no previ-
ous study on the effect of LMS admini-
stration on intestinal histomorphometric
parameters of broilers. This along with
previous reports about the positive effects
of LMS on broilers' performance; moti-
vated us to evaluate the possible effects of
this agent on histomorphometric parame-
ters of intestinal wall of normal broilers
which can be helpful in elucidation of its
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mechanism for improving feed efficiency
in broilers.

Sixty one-day old chickens (Arbor
Acres) were housed individually in cages
in a temperature-controlled room (24+
2 °C) with 16:8 h light/dark cycle. Each
cage was fitted with an individual feeder
and a nipple drinker. Birds had free access
to food and tap water during the experi-
mental period. Routine vaccination pro-
grams against ND, IB and Al were fol-
lowed during the rearing period including
live vaccine against ND+H120 on day one
via eye drop, Bl via eye drop and oil-
emulsified ND+AI vaccine by SC route
on day 7, H120 via eye drop on day 14
and La Sota via eye drop on day 21. Birds
were randomly divided into six equal
groups (n=10 each) on day one. Daily
water intake of birds was calculated and
birds in different groups were treated with
0 (control group), 2, 5, 10, 15 and 25
mg/kg body weight levamisole (Damloran
Razak Pharma Co., Iran) in drinking water
from day 1 to 45.

At the end of the experiment (day 46),
all birds were sacrificed by cervical dislo-
cation. Whole small intestine was re-
moved immediately and immersed in 10%
buffered formalin. After fixation, 1 cm-
thick samples were taken from the middle
parts of duodenum, jejunum and ileum.
The intestinal segmentation was according
to the Samanya & Yamauchi (2002): duo-
denum (from the gizzard to pancreatic and
bile duct), jejunum (from the bile duct to
Meckel’s diverticulum) and ileum (from
the Meckel’s diverticulum to ileo-caecal-
colonic junction). Routine histological
laboratory methods including dehydration,
clearing and paraffin embedding used and
paraffin blocks made. Six pm-thick trans-
verse cross-sections were made by a ro-
tary microtome, a total number of 10 sec-
tions used from each intestinal segment of
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each bird; sections stained with H&E for
measuring histomorphometric parameters
including villus height from the tip of the
villus to the crypt, crypt depth from the
base of the villi to the sub mucosa, villus
width, sub mucosal width, muscularis
from the submucosa to the external layer
of the intestine, and the villus height/crypt
depth ratio (Geyra et al., 2001) as shown
in Fig. 1A, by using a linear graticule un-
der light microscope. All parameters were
measured as the arithmetic mean of 15
measurements of each parameter per sec-
tion. All methods used in the present study
are in accordance with internationally
accepted guidelines for care and use of
animals in experiments.

Data were expressed as mean+SD.
Data comparisons performed by one-way
ANOVA followed by Tukey's multiple
comparison test and differences consid-
ered statistically significant at P<0.05.

In general, health condition of birds
remained satisfactory throughout the ex-
periment.

As shown in photomicrographs, duo-
denal villi became significantly wider in
all LMS-treated groups as compared to
control (Fig. 1A, 1B); however, except for
the highest dose which resulted in taller
villi, other doses had no appreciable effect
on height of villi. The highest dose also
had the most profound effect on increas-
ing the muscular layer width.

In contrary to duodenum, jejunal villi
became taller without significant change
in their width due to LMS administration.
The increase in villi length was accompa-
nied by a decrease in crypt depth. These
changes were clearly reflected in an ap-
preciably increased villus height/crypt
depth ratio in all treated groups. Sub mu-
cosal and muscular widths were not af-
fected by LMS administration (Fig. 2).
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Fig. 1. A. Duodenal wall of a control bird:
villus height (a), villus width (b), crypt depth
(c) and muscular layer width (d). B. Duodenal
wall of a chicken treated at 25 mg/kg LMS:
villi are wider and taller as compared to con-
trol. H & E; bar =1 um.

In ileum, except for birds that were
treated with the highest dose, other treated
groups had statistically similar villus
height compared to control group. The
change in villi width was more noteworthy
and LMS at all doses resulted in wider
villi. Sub mucosal width significantly in-
creased in birds treated with 15 and 25
mg/kg LMS in comparison with control
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Fig. 2. Jejunal wall of a control bird (A) and of a chicken treated at 25 mg/kg LMS (B). Villi became
taller without significant change in their width due to LMS administration. The increase in villi
length was accompanied by a decrease in crypt depth. H & E; bar = 1 pm.

Q6.' o 3

Fig. 3. Ileal wall of a control bird (A) and of a chicken treated at 25 mg/kg LMS (B). The increase in
ileal submucosal width after LMS treatment due to expansion of disseminated and nodular lymphatic

tissue is noteworthy. H & E; bar =1 um.

birds; this increase was due to expansion
of lymphatic tissues. Other parameters
remained statistically the same among
different groups (Fig. 3). All histomorpho-
metric data are summarised in Table 1.
LMS is a synthetic compound that has
been classically used as anthelmintic agent
in animals. Moreover, LMS has proven
immune stimulants properties (Cuesta et
al., 2002). As mentioned above, some
researchers have reported LMS as an im-

388

munomodulator, increasing performance
parameters of birds. This motivated us to
evaluate the possible changes in histo-
morphometric parameters intestinal wall
of broilers that received LMS, as a plausi-
ble mechanism for reported desirable ef-
fects of the LMS on performance of these
birds. In fact, lengthening of villi may
increase total luminal villus absorptive
area and subsequently result in satisfac-
tory digestive enzyme action and higher
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transport of nutrients at the villus surface
(Tufarelli et al., 2010). Crypts are consi-
dered as the villus factory and deeper
crypts indicate fast tissue turnover to per-
mit renewal of the villus as needed in re-
sponse to normal sloughing or inflamma-
tion from pathogens or their toxins and
high demands for tissue (Yason et al.,
1987). A shortening of the villi and deeper
crypts may lead to poor nutrient absorp-
tion, increased secretion in the gastroin-
testinal tract, and lower performance (Xu
et al., 2003). In contrast, increase in villus
height and villus height/crypt depth ratio
is directly correlated with increase in
epithelial cell turnover (Fan et al., 1997)
and longer villi are associated with acti-
vated cell mitosis (Samanya & Yamauchi,
2002). In another word, villus height/crypt
depth ratio is a valuable criterion for esti-
mating the digestive capacity of the small
intestine and a decrease in this ratio is
considered to be deleterious to digestion
and absorption, and vice versa (Pluske et
al., 1997). In the present study, a signifi-
cant increase in villus height/crypt depth
ratio was observed in jejunal mucosa of
treated birds. Since jejunum is where
maximum digestion and absorption takes
place because of large luminal site and
presence of more mature enterocytes
(Samanya et al., 2002), this finding may
be important in describing the positive
effects of LMS on performance in previ-
ous study (Porchezhian & Punniamurthy,
2006). Moreover in duodenum and ileum
of treated birds villi became broader by
keeping the same height as compared to
control. It is clear that wider villi have
more surface area for absorption.

In our study, we observed an increase
in muscularis width in duodenum of some
groups treated with LMS. Thicker muscu-
laris can possibly be accompanied with
stronger movements which facilitate
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transportation of substances to jejunum.
As previously stated, there was a signifi-
cant increase in ileal submucosal width of
LMS treated birds. This increase was
mainly due to expansion of more develo-
ped lymphatic tissue including both dis-
seminated and nodular lymphatic tissue in
this part of the intestine which can be des-
cribed by immunostimulant property of
LMS.

The results of present study showed
that administration of LMS (especially at
its anthelmintic dose) can improve histo-
morphometric parameters of small intesti-
nal wall of broiler chickens. This can
partly explain the mechanism for previ-
ously described positive effects of LMS
on body weight and performance of broi-
lers.
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