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Effect of Oral and Parenteral Sensitization to Bovine β-Lactoglobulin
on Intestinal Structure in Rats
Nabila Mehedi, Hanane Kaddouri, Djamel Saidi and Omar Kheroua *

ABSTRACT
Wistar rats were sensitized by intradermal administration of β-Lactoglobulin (β-Lg). The
sensitization was boosted once again after two weeks. The oral sensitization was monitored by
drinking fresh cow milk for 21 d. Both types of sensitization led to high IgG titers against β-Lg,
especially in parenterally immunized animals. Histological examination of intestinal tissue revealed a
marked decrease in villus length in sensitized rats by the parenteral route. An increase in the number
of intraepithelial lymphocytes and goblet cells was observed in both groups of sensitized rats. The
results indicate that chronic exposure to cow’s milk proteins leads to intestinal injury.
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specificity to those produced by humans (Varaala et al.,
1995; Sampson, 1997; Jenmalm and Bjorkstén, 1998).
Findings have demonstrated that mediators released by
mast cells and other immune cells in allergy affect
epithelial function. These mediators increase transcellular
and paracellular antigen uptake (Scudamore et al., 1995;
Berin et al., 1997; Marano et al., 1998; Sicherer et al.,
1998) and chloride secretion (Barrett, 1991; Perdue and
MacKay, 1994; Oprins et al., 2000). Most facets of
enterocyte function can be regulated by cytokines,
including ion transport, permeability and restitution and
proliferation (Chang et al., 1990; Dignass and Podolsky,
1993). Few data demonstrated the CMP effect on the
intestinal epithelium. The aim of the present study was to
compare the effect of being exposed to β-Lactoglobulin in
CMP by oral and parenteral route on intestinal morphology
and intraepithelial lymphocyte counts in a rat model of
CMA.

1. INTRODUCTION
Cow’s Milk Allergy (CMA) is one of the major causes
of food hypersensitivity in children. Approximately, 2.5%
of infants exhibit cow’s milk hypersensitivity in their first
year of life (Host, 1997; Paupe, 1997). CMA is associated
with a broad spectrum of IgE-mediated and non-IgEmediated hypersensitivity disorders circulating immune
complexes and effector cells (Olives and Breton, 1998;
Moneret-Vautrin, 1999; Sanz Ortega et al., 2001; Shek et
al., 2005). The mechanisms involved in this pathology are
difficult to elucidate in children. Several experimental
models of allergy (guinea pig, rat, mouse, rabbit) have
shown that oral or parenteral administration of Cow’s Milk
Proteins (CMP) generates IgG and IgE antibodies (Ju et al.,
1995; Kitagawa et al., 1995; Li et al., 1999; Knippels et al.,
2000; Adel-Patient et al., 2003) that are of a similar
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Rats
Six week-old female Wistar rats were obtained from
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Intraepithelial Lymphocyte Counts
A differential cell count was made under oil
immersion (x100 magnification) of the cells within the
epithelium covering the villi, and intraepithelial
lymphocytes counts were expressed as the number of
intraepithelial lymphocytes/100 epithelial cells.

IFA Credo (Dijon, France), housed individually and
allowed their diets (commercial pellets: ONAB, Algeria)
and water ad libitum. The animal room was kept at 20-24
C° with a 12 h light-dark cycle.
Experimental Protocol
Oral Immunization
Six animals were sensitized to cow’s milk protein by
giving them fresh milk to drink for 21 d. They were returned
to drinking water 3-4 d before the experiments. Control rats
received only water. The rats were killed on day 25.

Statistical Analysis
The results were analyzed by Student t test and are
presented as mean values ± SE. A p value <0.05 was
considered significant.
3. RESULTS

Parenteral Immunization
Six rats were sensitized on day 0 with a subcutaneous
injection in the back. Each rat was injected with 100
µg.ml-1 of β-Lg (Sigma Chemicals Co., St. Louis, MO.
USA) emulsified with 250 µL complete Freund’s
adjuvant (Sigma Chemicals Co., St. Louis, MO. USA)
and 50 µL of saline. On day 14, each rat was boosted
with the same dose of protein, incomplete Freund’s
adjuvant and saline.

IgG Anti β-Lg Titer
Immunization by β-Lg was evaluated by measuring
the titer of the IgG antibodies to β-Lg in sensitized rats
and controls. As shown in Figure (1), antibodies were
higher in the sensitized animals than in the control.
However, parenterally sensitized rats had significantly
higher titer than orally sensitized animals (p< 0.01).
Sensibilisation Effect on Intestinal Structure
General Effect
Intestinal morphology was examined by light
microscopy. The morphological appearance of sections
from control animals was normal. Jejunal villus appeared
long and fine with an unistratified epithelium. The villus
epithelium was predominantly populated by columnar
enterocytes and a smaller number of goblet cells that
showed no evidence of secretion. The aspect of lamina
propria was fibrous and appeared polymorphous
containing several immune cells (Fig.2-E). We could
distinguish in the immunized rats a shorter villus and an
epithelium pseudostratification. Histologic examination
showed separation of the epithelium cell layer from the
lamina propria in some immunized rats. All experimental
groups had high IEL counts and goblet cells (Fig.2).

Antibody Titer Measurements
IgG anti β-Lg were assayed in serum samples by an
Enzyme-Linked Immunosorbent Assay (ELISA). The
protocol was similar to that described by Heyman et al.
(1990).
Histology
Rats were anesthetized by intraperitoneal injection of
10 % chloral, and a 15 cm segment of jejunum was
excised (beginning 5 cm distal to ligament of Treiz). One
of the paired pieces of jejunum from each animal was
challenged with β-Lg (final concentration: 100 µg.ml-1)
added to the bathing Ringer solution (140 mmol.L-1 Na+,
120 mmol.L-1 Cl-, 5.2 mmol.L-1 K+, 1.2 mmol.L-1 Ca++,
1.2 mmol.L-1 Mg++, 25 mmol.L-1 HCO3-, 2.4 mmol.L-1
HPO4-, 0.4 mmol.L-1 H2PO4-) at 37c°. Fifteen minutes
later, the tissues were fixed for histological examination.
As a control, companion jejunal segments from the same
animal were also incubated in Ringer for the same time
and not challenged with antigen before fixation. All
pieces of jejunum were fixed in formalin at 10% for 2448 h. Sections were stained with haematoxylin and eosin.

Effect on Villus Length
The mean value of villus length determined from
sections of jejunum from control and immunized rats
are shown in Figure (3). Length of villi measured in
control rats was 64.49 ± 1.6 µm. It was significantly
reduced in the rats immunized to β-Lg by parenteral
route (47.36 ± 1.51 µm, p<0.0001) and in the rats
immunized to cow’s milk proteins by oral route (53.99
± 2.6 µm, p<0.05).

Length of Villi
The measurements of length of villi were made using a
micrometer eyepiece. Villus length was expressed in µm.

- 59 -

Dirasat, Pure Sciences, Volume 34, No. 1, 2007
Effect on IELs Count
The mean value of IELs from control rats was 16.67 ±
1.63 lymphocytes/100 epithelial cells. The number of
IELs has significantly increased in rats immunized to
cow’s milk proteins by oral route (29.52 ± 1.42
lymphocytes/100 epithelial cells (p<0.01)) and those
immunized to β-Lg by parenteral route (37.43 ± 1.86
lymphocytes/100 epithelial cells (p<0.01) (Fig.4).
However, no difference in the number of IELs between
the two immunization route was found (p=0.22).
Challenge Effect of β-Lg on IELs Number
The IELs number of jejunal fragments incubated with
β-Lg for 15 min was 32.52 ± 1.78 lymphocytes/100
epithelial cells compared to 29.52 ± 1.42
lymphocytes/100 epithelial cells of jejunal fragments not
challenged with β-Lg (p=0.07). The same results were
obtained in rats immunized to β-Lg by parenteral route.
The IELs number of jejunal fragments incubated with βLg for 15 min was 34.22 ± 1.32 lymphocytes/100
epithelial cells compared to 37.43 ± 1.86
lymphocytes/100 epithelial cells of jejunal fragments not
challenged with β-Lg (p=0.08). IELs number remained
unchanged in all β-Lg challenged fragments (Fig.5).
4. DISCUSSION
The effect of chronic dietary antigen challenge on the
intestine was examined in sensitized animals. Parenteral
administration of cow’s milk was followed rapidly by
extensive intestinal changes compared to oral
administration. These results concomit with IgG anti-β-Lg
production. These findings were similar to data from
experimental CMA (Ju et al., 1995; Li et al., 1999; Knippels
et al., 2000). Patients with IgE-mediated CMA have an
elevated poly-isotypic response to cow milk proteins (Shek
et al., 2005). A partial atrophy was shown in the group of
rats immunized by parenteral route. The injury appeared to
begin with epithelial separation from the core of the lamina
propria. A marked vascular congestion and edema of lamina
propria were observed in both groups of immunized
rats.These abnormalities were not seen in control rats. The
partial atrophy was noticed in non-IgE-mediated
hypersensitivity in children presenting a cow’s milk
enteropathy (Olives and Breton, 1998; Moneret-Vautrin,
1999). The intestinal mucosa reproduced the same marks
found in coeliac disease but they were less severe (Lake et
al., 1991; Navarro et al., 1993). We have found an important
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increase in IELs and lymphocytes counts in lamina propria
from rats immunized to cow’s milk proteins by oral route
and from those immunized to β-Lg by parenteral route.
These cells give a stratified aspect of intestinal epithelium.
An increased IELs was shown in mice immunized to
ovalbumin (Mowat and Ferguson, 1981), in cow’s milk
enteropathy (Hankard et al., 1997) and in some
gastrointestinal diseases (Jarry et al., 1990). During delayed
hypersensitivity, the IELs and mucosal T lymphocytes
contribute to cell mediated immune response (Olives and
Breton, 1998; Mauneret-Vautrin, 1999). IELs are the first
immune cells exposed to luminal antigens and they
participate in inflammatory reactions (Tlaskalova-Hogenova
et al., 1995). Studies on coeliac disease have shown that T
cells activation led to villus atrophy (Marsh and Crowe,
1995). IELs participated closely in the preservation of
intestinal integrity (Cerf-Bensussan and Guy Grand, 1991).
These different experimental models indicated that T cells
activation can be responsible for histologic injury in food
allergy. We have noted a strong increase of goblet cells in
rats immunized by oral and parenteral route to cow’s milk
proteins. Mucine production by goblet cells has been found
to increase in intestinal anaphylaxis (Lake et al., 1991) and
in food IgE-dependant in rats (Sakamoto et al., 1998) and in
mice (Adel-Patient et al., 2003). The role of the rapidly
secreted mucus during intestinal anaphylaxis is possibly to
play as a barrier limiting antigen access from the lumen to
sensitized mast cells, which is likely to occur with dietary
antigens. Histamine and cytokines released in inflammatory
reaction lead to an increase in mucus production. The
interaction of mucosal lymphocytes and intestinal epithelial
cells is thought to be important in regulating immune
response in the intestinal mucosa.
5. CONCLUSION
We demonstrated that sensitization of rats to cow’s
milk proteins by different routes can lead to epithelial
injury in the intestine associated with an increase in IELs
and goblet cells. The morphological changes were most
important in the parenteral route. These data may help to
evaluate the mucosal immunopathogenic mechanisms
involved in CMA.
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Fig.1. Antibodies to β-Lg detected by ELISA in rats sensitized to cow’s milk proteins by oral route (OR) and to β-Lg by
parenteral route (PR) and control rat (C). Sera from different groups of rats (n=6) as indicated were obtained at day
animals sacrifice. Values represent mean ± SE. **p<0.01 in parenterally sensitized animals compared with orally
sensitized animals.
Fig.2. Histologic examination of jejunum from immunized and control rats stained with HE. A Jejunal fragment of rats
sensitized to cow’s milk proteins by oral route, edema appeared, an increase in lymphocyte infiltration and goblet cells
(x40). B An increase of LIEs and goblet cells were observed in jejunal fragment of rats sensitized to β-Lg by parenteral
route and (x25). C Jejunal fragment of rats sensitized to cow’s milk proteins by oral route and challenged with β-Lg
(x40). D Jejunal fragment of rats sensitized to β-Lg by parenteral route and challenged with β-Lg (x40), a partial
atrophy was observed and no significant changes in IELs number was noticed 15 min after β-Lg challenged tissues. E
Villi and epithelium appear normal in control rats (x40).
Fig.3. Effect of sensitization on villus length. Jejunal fragments from different groups of rats (n=6) as indicated were
obtained from sensitized and control rats. Oral no β-Lg challenged (ONC), Parenteral no β-Lg challenged (PNC) and
control no β-Lg challenged (CNC).
Data are based on examination of 6 villus units per slide and are expressed as mean ± SE. *p<0.05 and ***p<0.0001
compared with control.
Fig.4. Effect of sensitization on LIEs numbers. Jejunal fragments from different groups of rats (n=6) as indicated were
obtained from sensitized and control rats. Oral no β-Lg challenged (ONC), Parenteral no β-Lg challenged (PNC) and
control no β-Lg challenged (CNC).
Values represent mean ± SE derived from examination of 4 segments of each animal.** p<0.01 and * p<0.01
compared with control.
Fig.5. Effect of β-Lg challenged tissues on IELs numbers. Jejunal fragments from different groups of rats (n=6) as
indicated were obtained from sensitized and control rats. All experiments were made with paired preparations, one of
these were exposed to β-Lg during 15 minutes. Cell counts were performed on 4 segments of each animal. Oral no βLg challenged (ONC), Oral β-Lg challenged (OC), Parenteral no β-Lg challenged (PNC), Parenteral β-Lg challenged
(PC), control no β-Lg challenged (CNC) and control β-Lg challenged (CC).
Values are expressed as means ± SE.
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ﺘﺄﺜﻴﺭ ﺤﺴﺎﺴﻴﺔ ﺍﻟﺒﻴﺘﺎﺠﻠﻭﺒﻠﻴﻥ ﺒﺭﻭﺘﻴﻥ ﺤﻠﻴﺏ ﺍﻟﺒﻘﺭ ﻋﻠﻰ ﺸﻜل ﻤﺨﺎﻁﻴﺔ ﺃﻤﻌﺎﺀ ﺍﻟﺠﺭﺫﺍﻥ
ﻨﺒﻴﻠﺔ ﻤﻬﻴﺩﻱ ،ﺤﻨﺎﻥ ﻗﺩﻭﺭﻱ ،ﺠﻤﺎل ﺴﻌﻴﺩﻱ ،ﻭﻋﻤﺭ ﺨﺭﻭﻉ *

ﻤﻠﺨـﺹ

ﺘﻡ ﺤﻘﻥ ﺠﺭﺫﺍﻥ ﻤﻥ ﻨﻭﻉ  Wistarﻋﻥ ﻁﺭﻴﻕ ﺍﻟﺠﻠﺩ ﺒﻭﺍﺴﻁﺔ ﺒﺭﻭﺘﻴﻥ ﺤﻠﻴﺏ  ،(β-Lactoglobulin) β-Lgﻭﺃﻋﻴﺩﺕ ﺍﻟﻌﻤﻠﻴﺔ ﻤﺭﺓ ﺒﻌﺩ
ﺃﺴﺒﻭﻋﻴﻥ ،ﻭﺘﻡ ﺘﺤﺴﻴﺱ ﻤﺠﻤﻭﻋﺔ ﺃﺨﺭﻯ ﻤﻥ ﺍﻟﺠﺭﺫﺍﻥ ﻤﻨﻌﺕ ﻋﻥ ﻁﺭﻴﻕ ﺸﺭﺏ ﺤﻠﻴﺏ ﺍﻟﺒﻘﺭ ﺍﻟﻁﺎﺯﺝ ﻟﻤﺩﺓ  21ﻴﻭﻤﹰﺎ.ﺃﻅﻬﺭﺕ ﻨﺘﺎﺌﺞ ﺘﻘﺩﻴﺭ
ﺍﻷﺠﺴﺎﻡ ﺍﻟﻤﻀﺎﺩﺓ ﺍﻟﻤﺼﻠﻴﺔ ﺍﻟﻨﻭﻋﻴﺔ  IgG anti β-Lgﺃﻥ ﻫﻨﺎﻙ ﺘﻤﺎﺜﻼ ﺒﻴﻥ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﻓﻲ ﺍﻻﺴﺘﺠﺎﺒﺔ ﺍﻟﻤﻨﺎﻋﻴﺔ ،ﻭﺘﻡ ﺘﻘﻴﻴﻡ ﺘﺄﺜﻴﺭ
ﺍﻟﺤﺴﺎﺴﻴﺔ ﻋﻠﻰ ﻫﻴﺌﺔ ﺍﻟﺨﻼﻴﺎ ﺍﻟﻤﺨﺎﻁﻴﺔ ﺍﻟﻤﻌﻭﻴﺔ ﻭﺘﺭﻜﻴﺒﻬﺎ ،ﻭﺘﺒﻴﻥ ﺃﻥ ﻫﻨﺎﻙ ﻨﻘﺼﺎ ﻓﻲ ﺃﻁﻭﺍل ﺍﻟﺨﻤﻼﺕ ﺍﻟﻤﻌﻭﻴﺔ ﻋﻨﺩ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﻤﺤﺴﺴﺔ
ﺒﹻ  β-Lgﻋﻥ ﻁﺭﻴﻕ ﺍﻟﺠﻠﺩ ﻭﺯﻴﺎﺩﺓ ﻓﻲ ﺃﻋﺩﺍﺩ ﺍﻟﺨﻼﻴﺎ ﺍﻟﻤﻨﺎﻋﻴﺔ ﻤﻥ ﻨﻭﻉ ﺍﻟﺨﻼﻴﺎ ﺍﻟﻠﻤﻔﺎﻭﻴﺔ ﺒﻴﻥ ﺍﻟﻁﻼﺌﻴﺔ (Intraepithelial
) lymphocytesﻭﺍﻟﺨﻼﻴﺎ ﺍﻟﻜﺎﺴﻴﺔ ) (Goblet cellsﻋﻨﺩ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺍﻟﻤﺤﺴﺴﺔ.
ﻭﺨﻠﺼﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺇﻟﻰ ﺃﻥ ﺘﻌﺭﺽ ﺍﻟﺠﺭﺫﺍﻥ ﺇﻟﻰ ﺒﺭﻭﺘﻴﻨﺎﺕ ﺤﻠﻴﺏ ﺍﻟﺒﻘﺭ ﻴﺅﺩﻱ ﺇﻟﻰ ﺨﻠل ﻓﻲ ﺍﻟﻁﺒﻘﺎﺕ ﺍﻟﻁﻼﺌﻴﺔ ﻟﻸﻤﻌﺎﺀ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ  :ﺍﻟﺤﺴﺎﺴﻴﺔ ﻟﺤﻠﻴﺏ ﺍﻟﺒﻘﺭ ،ﺠﺭﺫﺍﻥ ،ﺨﻼﻴﺎ ﻟﻤﻔﺎﻭﻴﺔ ﺒﻴﻥ ﻁﻼﺌﻴﺔ ،ﺍﻁﻭﺍل ﺍﻟﺨﻤﻼﺕ.

________________________________________________
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