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Summary. The morphological  alteration of gut-associat- 
ed lymphoid tissue (GALT)  induced by long-term ab- 
sence of  dietary stimulation was investigated. Male 
Wistar rats weighing ~ 230 g were maintained with total 
parenteral  nutrit ion (TPN). Control  rats were allowed 
to have the same amount  of  the solution orally. After 
two weeks, the morphological  alteration of  G A L T  was 
examined. Although no significant difference in weight 
gain was noted between the two groups, the area com- 
prised by Peyer's patches was decreased in T P N  rats. 
The number  of  t ransported lymphocytes and the ratio 
of  helper T (Th) cells to suppressor/cytotoxic T (Ts/r 
cells in intestinal lymph were lowered after T P N  treat- 
ment, In an immunohist0ehemical  study of  the rat  ileum, 
the number  of  T cells and the Th/T~/r ratio were de- 
creased both in the intraepithelial spaces and in the la- 
mina propr ia  of  T P N  rats. The percentage of  interleuk- 
in-2 receptor-positive cells and the number  of  IgA-con- 
taining cells in the lamina propria  were significantly re- 
duced in T P N  rats. These results suggest that dietary 
stimulation might play a role in the maintenance of  
G A L T  function and morphology.  
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Total parenteral nutrition (TPN) is an effective alterna- 
five to gastrointestinal feeding in patients with gastroin- 
testinal disorders. Parenteral feeding, however, bypasses 
the complex processes which normally occur in the gas- 
trointestinal tract. Several studies have shown the mor-  
phological and functional changes of  the small intestinal 
mucosa  after T P N  (Castro et al. 1975; Johnson et al. 
1975; Schmitz et al. 1986). These reports suggest that 
the oral ingestion of  food is necessary to maintain the 
structural integrity of  the intestinal mucosa.  The abun- 
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dance of  lymphoid tissue in the gastrointestinal tract, 
which is called gut-associated lymphoid tissue (GALT),  
plays an impor tant  defensive role against a variety of  
luminal antigens. Our  previous studies revealed that in- 
traluminal administration of  carbohydrate  or lipid in- 
creased intestinal lymph flow and the number  of  lym- 
phocytes t ransported through mesenteric lymphatic 
ducts (Kobayashi  et al. 1985; Miura etal .  1987). The 
possibility exists that  nutritional absorption through the 
small intestine may  contribute to the regulation of mor-  
phology and function of  GALT.  In the present study, 
we have investigated the morphological  alteration of  
G A L T  induced by long-term absence of oral food intake 
in rats maintained by TPN. 

Materials and methods 

Methods of TPN 

Male Wistar rats weighing ~ 230 g were maintained by TPN using 
a modified technique of Steiger et al. (1972). Briefly, a silastic cathe- 
ter was inserted from the jugular vein into the vena cava or right 
atrium. The free end of the catheter was passed subcutaneously 
to the midscapular area and brought out through a specially con- 
structed harness connected to a swivel apparatus to allow freedom 
of movement in a metabolic cage. The basic solution consisted 
of 20.6% dextrose and 3.3% amino acid with required amounts 
of electrolytes, vitamins, minerals and essential fatty acids (Nation- 
al Research Council 1978). The solution was continuously infused 
with an infusion pump at a speed of 3.1 ml/h for two weeks, provid- 
ing 319 kcal/kg/day. Control rats were sham operated and allowed 
to have nearly equal amounts of the solution orally. The number 
of animals used in this study included 22 TPN rats and 23 control 
rats. In order to eliminate the possibility that the results were due 
to a difference in the nutritional state rather than the routes of 
administration, body weight gain, serum total protein levels, plas- 
ma glucose levels and the number of lymphocytes in peripheral 
blood were determined in both groups after two weeks. 

Morphological study of Peyer's patches 

Six TPN rats and 6 control rats were used for the morphological 
study of Peyer's patches. The major and minor axis of each Peyer's 
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patch that was regarded as ellipse were measured from serosal 
side along the small intestine to determine the area of Peyer's 
patches. Intestinal mucosal wet weight was also determined at this 
time. To determine lymphocyte subsets of total lymphocytes in 
Peyer's patches, all Peyer's patches were surgically removed from 
serosal side and cell suspensions were prepared by mechanically 
pressing the Peyer's patches between two slide glasses in RPMI 
medium 1640 (Life Technologies Inc., Gaithersburg, Md., USA) 
supplemented with 10% fetal calf serum. Lymphocyte subsets were 
assessed by means of fluorescence-activated cell sorter (FACS-440, 
Becton Dickinson, San Jose, Calif., USA). Lymphocytes that are 
positive to monoclonal antibodies W3/13, W3/25, MRC OX-8 and 
MRC OX-6 were regarded as CD3 § T cells, CD4 § helper T cells 
(Th), CD8 + suppressor/cytotoxic T cells (T~/o) and Ia-positive cells, 
respectively. An immunoperoxidase technique was used to study 
the distribution of lymphocyte subsets in Peyer's patches. 

Intestinal lymph collection 

Five TPN rats and 6 control rats were used for the experiment 
with intestinal lymph. The mesenteric lymphatic duct was cannulat- 
ed according to the method of Bollman et al. (1948). Rats were 
infused with saline via the jugular vein at a speed of 2.4 ml/h to 
prevent dehydration. After 2 h when the lymph flow rate had be- 
come constant, intestinal lymph flow and the lymphocyte output 
in intestinal lymph were measured for 3 h. Lymphocyte subsets 
in intestinal lymph were assessed using FACS-440. 

Immunohistochemistry 

Segments of ileum of approximately 1 cm in length were obtained 
from 6 TPN rats and 6 control rats. Each segment was incised 
along the mesenteric attachment and sliced into longitudinal strips. 
The strips were fixed in the periodate-lysine-paraformaldehyde so- 
lutions (McLean and Nakane 1974). After fixation the tissue was 
embedded by O.C.T. compound (Miles Inc., Elkhart, Ind., USA), 
quick-frozen in liquid nitrogen, and stored at - 80 ~ C until cryostat 
sections were cut at 6 gm perpendicular to the mucosal surface. 
Endogenous peroxidase activity was inhibited according to the 
method of Streefkerk (1972). Sections were stained for immuno- 
globulin (IgA, IgM and IgG)-containing cells, T-cell subsets and 
interleukin-2 (IL-2) receptors. Goat antisera against rat IgA (Fc) 
(Binding Site Ltd., Birmingham, England) and horseradish peroxi- 
dase (HRP)-labelled rabbit anti-goat IgG (H&L) (Organon Tek- 
nika N.V., West Chester, N.C., USA) were used in the indirect 
immunoperoxidase technique for IgA staining. IgM and IgG were 
stained by a direct immunoperoxidase technique using HRP-la- 
belled goat anti-rat IgM and HRP-labelled goat anti-rat IgG (Or- 
ganon Teknika N.V.). T-cell subsets and IL-2 receptors were stained 
using an indirect immunoperoxidase technique. Monoclonal anti- 
bodies W3/13, W3/25, MRC OX-8 and MRC OX-39 were pur- 
chased from Serotec Ltd. (Kidlington, England); the reactive ele- 

ments were regarded as CD3 + T cells, CD4 + helper T cells (Th), 
CD8 + suppressor/cytotoxic T cells (T~/c) and IL-2 receptor-positive 
cells, respectively. HRP-labelled goat anti-mouse IgG(H) (Pharma- 
cia Fine Chemicals, Uppsala, Sweden) was used as secondary anti- 
body. 

The peroxidase-positive cells were assessed by morphometry. 
Counts of T-cell subsets and immunoglobulin-containing cells were 
made with x 40 objective and x 8 eyepieces by scanning in the 
lamina propria and in the intraepithelial spaces. The width of each 
field was 0.35 ram, and thus a mean of 1 peroxidase-posifive celI 
per field was equivalent to 28.5 cells/cm of intestine. The popula- 
tions of each T-cell subset and immunoglobulin-containing cells 
were expressed as positive cells per I cm small intestine. In case 
of assessing the population of IL-2 receptor-positive cells, data 
were expressed as positive cells per 1000 mononuclear cells in the 
lamina propria. The Th/Ts/c ratio was expressed as the mean of 
the ratios of individual counts for each specimen. 

Bacterial cultures of ileal luminal contents 

Five TPN rats and 5 control rats were used for intestinal bacterio- 
logical studies. Segments of the ileum 10 cm proximal to the ileoce- 
cal orifice were removed and flushed with 10 ml sterile phosphate- 
buffered saline. The fluid was collected, homogenized, diluted ser- 
ially in brain-heart infusion (BHI) media and 100 gl of each dilu- 
tion plated (1) on Trypticase Soy (TS) agar for quantitative aerobic 
bacterial counts and (2) on Eggerth Gagnon (EG) agar, with the 
addition of 5% carbon dioxide, for anaerobic colony counts. The 
bacterial counts were expressed as log~o colony-forming units per 
ml of initial luminal washings. 

Statistical analysis 

Results were expressed as means + SD. Statistical analysis was per- 
formed according to Student's t-test and differences were regarded 
as significant when P < 0.05. 

Results 

The  ave rage  da i ly  we igh t  ga ins  were  7.8 + 2 . 2  g / k g / d a y  
(n=6) for  T P N  ra ts  a n d  8.7 + 2 . 0  g / k g / d a y  ( n = 6 )  for  

Fig. 1. Helper T cells (a, b) and suppressor/cytotoxic T cells (c, 
d) of Peyer's patches from a control rat (a, c) and a TPN rat 
(b, d). Both helper T cells and suppressor/cytotoxic T cells are 
concentrated in the interfollicular areas (/) and scattered in the 
follicles (F). Although the size of lymphoid follicles is markedly 
diminished in the TPN rat, the distribution of both subsets is simi- 
lar in TPN rat and control rat. • 100 

Table 1. Lymphocyte output and T-cell subsets in intestinal lymph. Values are means_+SD. TPN, Total parenteral nutrition; Th, helper 
T cells; Ts/c, suppressor/cytotoxic T cells 

Lymph flow Lymphocyte output T Th Ts/c Th/Ts/c 
(ml/h) (107 counts/h) (%) (%) (%) (ratio) 

Control (n = 6) 2.32 + 0.37 3.56 _+ 0.76 95.3 • 2.5 78.6 _+ 3.6 21 .l + 2.6 3.78 + 0.66 

TPN (n=5)  1.11 • 2.10_+0.42"* 93.4_+3.3 72.0_+4.5* 26.4_+5.4 2.85_+0.72* 

* P<0.05 
** P<0.01 
*** P<0.001 



31 



32 

control  rats. This difference was not statistically signifi- 
cant. Serum total  protein levels were 6.4_+ 1.9 g/dl (n = 6) 
for T P N  rats and 6 .7+2.3  g/dl ( n=6 )  for control rats;  
there was no statistical difference between the two 
groups. In T P N  rats, there was a marked  reduction in 
mean mucosal  wet weight of  the small intestine, which 
fell f rom 2.56_+0.67 g/small intestine (n=6)  in control 
rats to 1.26_+0.34g/small intestine. This reduction 
amounted  to 50% and was statistically significant ( P <  
0.01). The reduction in the area of  Peyer's patches in 
T P N  rats was also statistically significant ( P <  0.01). The 
average area of  T P N  rats was 120.4+24.4 mm2/10 cm 

Table 2. T-cell subsets of intraepithelial lymphocytes of rat ileum 

Positive cells per 1 cm intestine 

T Th Ts/c 

Th/Ts/c 
(ratio) 

Control 2755_+506 521 +_162 2365+_629 0.22+0.06 
(n = 6) 
TPN 1196_+377"** 102_+35"** 1138+-411"* 0.09_+0.03** 
(n = 6) 

intestine; this amounted  to 51% of  the control values 
(234.3 __ 35.9 mm2/10 cm intestine). 

Transported lymphocytes in intestinal lymph 

Intestinal lymph flow, lymphocyte output  and lympho- 
cyte subsets in intestinal lymph of  both  groups are 
shown in Table 1. Intestinal lymph flow was markedly 
reduced in T P N  rats (P<0.001) ,  and the average flow 
was 48% of  the controls. The average number  of  lym- 
phocytes t ransported through mesenteric lymphatic 
ducts was 2.10 x 107/h in T P N  rats, which was 60% of  
the control rats (P<0.01) .  Although the percentage of  
T cells in intestinal lymph was not statistically different 
between the two groups, the percentage of  Th cells was 
significantly decreased in T P N  rats. The Th/Ts/c ratio 
showed a statistically significant decrease after T P N  
treatment.  On the other hand, the number  of  lympho-  
cytes in peripheral blood was 1538_+308/mm 3 for the 
control rats and 1342___350/mm 3 for the T P N  rats, 
which was not statistically different between the two 
groups. 

Fig. 2a, b. Suppressor/cytotoxic T (Ts/r cells in the ileal mucosa 
from a control rat (a) and a TPN rat (b). The number of Ts/~ 
cells is decreased in the intraepithelial spaces and is increased in 
the lamina propria of the TPN rat. Almost all T~/c cells in the 

intraepithelial spaces are situated in the basal third of the villous 
epithelium in the TPN rat, whereas some T~/r cells could be found 
in the distal two-thirds of the villous epithelium in the control 
rat. x 400 



Table 3. T-cell subsets and IL-2 receptor-positive cells in the lamina propria. IL-2R, Interleukin-2 receptor-positive cells 

33 

Positive cells per 1 cm intestine Th/Ts/c IL-2R 
(ratio) (per 1000 mononuclear cells) 

T Th Ts/c 

Control (n = 6) 3282 • 422 3065 +_ 421 621 _+ 183 4.94 • 1.33 110.8 _+ 19.0 
TPN (n = 6) 2537 _+ 339 ** 2002_+ 487"* 919 • 321 2.18 _ 0.91 ** 70.6 _+ 16.3 ** 

Fig. 3 a, b. IgA-containing cells in the ileal mucosa from a control rat (a) and a TPN rat (b). The number of IgA-containing cells 
in the lamina propria is markedly decreased in the TPN rat. x 200 

Lymphocyte subsets in Peyer's patches 

The percentages of  T cells, Th cells, T~/c cells and Ia- 
positive cells in Peyer's patches of  control rats were 
29.5-4-8.2%, 29 .0_3 .3%,  13.9_+6.1% and 68.5_+8.8% 
(n=5) ,  and those in T P N  rats 35.4_+ 3.7%, 33.0_+6.6%, 
17.6+ 10.2% and 64.1 _+4.5% (n=5) ,  respectively. The 
Th/T~/~ ratio was 2.35 + 0.86 for control rats and 2.42_+ 
1.29 for T P N  rats. Although the size of  Peyer's patches 
was markedly reduced after T P N  treatment,  the percent- 
age of each subset and the T~/T~/~ ratio were not signifi- 
cantly different in both  groups. Fig. 1 shows the distribu- 
tion of  Th cells and T~/~ cells in Peyer's patches from 
control and T P N  rats. The distribution of both  T-cell 
subsets showed a similar pat tern in the two groups. 

T-cell subsets in ileal mucosa 

The populat ions of  T-cell subsets of  intraepithelial lym- 
phocytes (IEL) are summarized in Table 2. A marked 
decrease in the number  of  each T-cell subset of  IEL 
was found in TPN rats. A greater decrease in the number  
of  T h cells of  IEL was seen in T P N  rats, resulting in 
a decrease in the T~/T~/c ratio in these animals. The pop-  
ulation of  T-cell subsets and the percentage of IL-2 re- 
ceptor-positive cells in the lamina propria  are shown 
in Table 3. The number  of  T~/c cells in the lamina propria  
showed an increasing tendency after T P N  treatment,  but 
it was not statistically significant. The populat ion of  T 
cells and Th ceils in the lamina propr ia  decreased signifi- 
cantly in T P N  rats, resulting in a decrease in the Th/T~/o 
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Table 4. Immunoglobulin-containing cells in the lamina propria 

Positive cells per 1 cm intestine 

IgA IgG IgM 

Control 1860 + 452 319 • 133 26 _ 15 
(n = 6) 
TPN 931 +311"* 216__96 32__18 
(n=6) 

ratio in these animals. Although ~ 11% of the mononu- 
clear cells in the lamina propria were found to have 
IL-2 receptors in control rats, the percentage fell to 7% 
for TPN rats, which was statistically significant. 

There was a noticeable difference in the distributional 
pattern of T~/o cells between the two groups (Fig. 2) In 
TPN rats, the number of Ts/c cells of IEL was decreased 
as compared with control rats. An increasing tendency 
of the number of Ts/c cells in the lamina propria was 
seen in TPN rats. Moreover, almost all IEL were situ- 
ated in the basal third of the villous epithelium of TPN 
rats, whereas some IEL could be found in the distal 
two-thirds of the villous epithelium in control rats. 

Immunoglobulin-containing cells in the lamina propria 

The number of immunoglobulin-containing cells in the 
lamina propria of the ileum was compared in both 
groups. As shown in Table 4 and Fig. 3, the number 
of IgA-containing cells in the lamina propria was mark- 
edly decreased in TPN rats. However, there was no sta- 
tistical difference in the number of IgG-containing cells 
and IgM-containing cells in the lamina propria between 
the two groups. 

Bacterial counts of ileal luminal contents 

Control rats had 6.82+_0.48 loglo colony forming units 
(CFU)/ml aerobes and 7.02_+ 0.27 loglo CFU/ml anaer- 
obes (n = 5), while TPN rats had 6.44 __ 0.62 loglo CFU/ 
ml aerobes and 6.59 _+ 0.481oglo CFU/ml anaerobes 
(n = 5) in the ileal luminal washings. Both the aerobic 
and anaerobic counts in the ileal luminal washings did 
not differ significantly between the two groups. 

Discussion 

According to our observations, TPN appears to com- 
promise the mucosal immunity of the gastrointestinal 
tract. Several authors have emphasized the immunologi- 
cal superiority of oral feeding over parenteral feeding. 
Kudsk et al. (1983) demonstrated increased survival in 
rats with Escherichia coli hemoglobin peritonitis when 
they were enterally fed. Alverdy et al. (1985) showed 
that enterally fed rats maintained higher secretory IgA 
levels in bile than parenterally fed rats. Clinical signifi- 
cance of the changes of GALT induced by TPN is great 

and one should be aware of the importance of oral feed- 
ing from an immunological standpoint. Marsh et al. 
(1983) reported that TPN predisposes surgical patients 
to bacteremia of Candida species which are constituents 
of the normal intestinal flora. From this study, it is con- 
ceivable that TPN compromises mucosal immunity, thus 
weakening the mucosal defense against bacteria or fungi. 

Luminal antigens are taken up by specialized M ceils 
overlying Peyer's patches (Owen and Jones /974) and 
reach the follicular area of Peyer's patches for process- 
ing. The lymphocytes that have responded to luminal 
antigens or microenvironmental stimuli emigrate from 
Peyer's patches and enter the thoracic duct via the intes- 
tinal lymphatics. They are, then, released into the sys- 
temic circulation and home to the distant mucosal sites 
(Gowans and Knight 1964; Guy-Grand et al. 1974). This 
process of lymphocyte circulation is thought to be im- 
portant for the intestinal mucosal defense system. How- 
ever, the regulatory mechanisms of the lymphatic circu- 
lation are not fully understood. Our previous experi- 
ments revealed that the number of lymphocytes trans- 
ported in the mesenteric lymphatic ducts analyzed by 
the use of a high-speed microscopic video system, in- 
creased during lipid absorption (Miura et al. 1987), and 
that Th cells were the major population of cells increased 
in intestinal lymph after lipid administration (Kobayashi 
et al. 1985). The possibility exists that dietary stimula- 
tion is an important factor influencing the lymphocyte 
transport, especially Th cell transport in the intestinal 
lymphatic system. 

There was a significant reduction in lymphocyte out- 
put and the percentage of Th cells in intestinal lymph 
of TPN rats that were free of dietary stimulation for 
2 weeks. Several investigators have examined the origin 
of lymphocytes in intestinal lymph. This lymph contains 
cells that might have left mesenteric lymph nodes 
(MLN); therefore, the data obtained from rats with lym- 
phatic fistula may receive some modification by MLN. 
For example, macrophages account for several percent 
of the cells in the peripheral intestinal lymph, but few 
are found in lymph draining from MLN (Hall et al. 
1977). However, it has been observed that the peripheral 
intestinal lymph from mesenteric lymphadenectomized 
lamb had approximately the same cell output as the ef- 
ferent mesenteric lymph from control lamb (Reynolds 
1988). Gowans and Knight (1964) demonstrated the re- 
circulation of lymphocytes which passed from the blood 
into the lymph at the post-capillary venules of lymphoid 
tissue including Peyer's patches of the intestine. The im- 
portance of Peyer's patches in contributing to the cellu- 
lar content in intestinal lymph was supported by the 
10-fold increase in the cell content of lacteals draining 
an area of gut containing a Peyer's patch (Baker/933; 
Steer 1980). Reynolds et al. (/982, 1984) showed that 
recirculating lymphocytes were the major population of 
cells in sheep ileal lymph and most T cells in the ileal 
Peyer's patches represented a portion of the recirculating 
pool, which spend less than 24 h in the tissue. The reduc- 
tion of the lymphocyte output in intestinal lymph of 
TPN rats could be due to the reduction of the recirculat- 
ing lymphocyte pool in GALT, especially in Peyer's 



patches. Marked decrease in the area of Peyer's patches 
and lymphocyte content in the intestinal mucosa ob- 
served in TPN rats correspond well with the decrease 
in the number of recirculating lymphocytes. On the other 
hand, no significant change in lymphocyte number in 
peripheral blood was observed between the two groups. 
Other mucosal defense systems including BALT (bron- 
chial associated lymphoid tissue) may contribute to the 
maintenance of the number of recirculating lymphocytes 
in the peripheral blood of TPN rats. 

Antigenic stimulation is thought to be important to 
maintain the appearance of GALT. Nagura et al. (1982) 
showed that the size of Peyer's patches and the number 
of IgA-containing cells in the intestinal mucosa were 
reduced in germfree rats. Carlson et al. (1986) demon- 
strated that the number of Peyer's-patch leukocytes 
more than doubled during the course of Giardia muris 
infection; however, the percentages of T-cell subsets in 
Peyer's patches remained constant during the hypertro- 
phy of Peyer's patches. It has been reported that TPN 
influenced intestinal flora (Hughes et al. 1980) and secre- 
tions of bile and pancreatic juice (Towne et al. 1973). 
However, in the present study, both the aerobic and 
anaerobic bacterial counts in the ileum were not signifi- 
cantly altered after TPN treatment. This result suggests 
that changes in GALT after TPN treatment are not sec- 
ondary due to an alteration in intestinal bacterial popu- 
lation but probably are rather due to the absence of 
dietary absorption itself. 

In the present immunohistochemical study of control 
rats, monoclonal antibody for Th cells (W3/25) stained 
more lamina propria lymphocytes than did that for Ts/o 
cells (OX-8) and it stained only rare IEL, whereas T~/c 
cells were found in large number in the intraepithelial 
spaces of ileal villi. In Peyer's patches, both Th and Ts/c 
cells were concentrated in the interfollicular areas and 
scattered in the follicles. T~ cells considerably outnum- 
bered T~/e cells in these areas, which was supported by 
the data of each subset analyzed by FACS. These find- 
ings in control rats are consistent with the previous re- 
ports using monoclonal antibodies for rat lymphocytes 
(Lyscom and Brueton 1982; Mayrhofer et al. 1983; Wes- 
termann et al. 1989). 

A marked reduction in the number of T cells and 
IgA-containing ceils was found in the intestinal mucosa 
of TPN rats. There is now a great deal of evidence to 
show that precursors of gut T cells and IgA plasma cells 
arise in Peyer's patches (Craig and Cebra 1971; Guy- 
Grand et al. 1978), and the migration of these precursors 
into the gut is antigen independent (Husband and Gow- 
ans 1978). Atrophy of Peyer's patches and a decreased 
lymphocyte migration from Peyer's patches in the ab- 
sence of dietary stimulation are possibly responsible for 
a reduction of the lymphocyte content in the intestinal 
mucosa of TPN rats. A decreased ratio of T~/T~/e could 
suppress the proliferation of immunocytes in the intesti- 
nal mucosa of TPN rats. An altered intraluminal envi- 
ronment induced by TPN, such as the decreased secre- 
tion of bile and pancreatic juice and loss of direct nutri- 
tional stimuli, may also influence the lymphoid cell re- 
sponse in the intestinal mucosa. 
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Alterations in the distributional pattern of Ts/o cells, 
which composed the major population of IEL, were 
found after TPN treatment. Although the origin and 
fate of IEL are not fully understood, the possibility that 
these lymphocytes could recycle through the lamina pro- 
pria was suggested by Darlington etal. (1966) and 
Marsh et al. (1975). The decreased number and alter- 
ation in the distributional pattern of IEL could implicate 
the change in lymphocyte migration, such as activated 
migration of lymphocytes from the epithelium to the 
lamina propria or to the intestinal lumen. 

The mechanisms of the morphological alterations in 
GALT induced by TPN are not known. Recently, sever- 
al types of cytokines were found to be important for 
immunological processes. IL-2 is known to interact with 
IL-2 receptors of activated T and B cells, inducing cell 
growth, cell division and cytotoxic activity (Pike et al. 
1984; Fiocchi et al. 1988). Recent studies demonstrated 
that IL-5 and IL-4 produced by T cells from Peyer's 
patches enhanced IgA secretion from activated B cells 
(Murray et al. 1987; Lebman and Coffman 1988). An 
altered cytokine network induced by absence of dietary 
stimulation could influence lymphocyte proliferation 
and IgA production and could also play a role in the 
morphological alteration of GALT in TPN rats. On the 
other hand, several hormones and neurotransmitters 
have been focussed as immunomodulators. Specific re- 
ceptors for VIP (vasoactive intestinal peptide) (Ottaway 
and Greenberg 1984), substance P (Stanisz et al. 1987) 
and somatostatin (Scicchitano et al. 1987) have been 
demonstrated on Peyer's patch T and B cells. Ottaway 
et al. (1987) showed innervation of Peyer's patches by 
VIPergic nerves. Moore et al. (1988) demonstrated that 
VIP depressed lymphocyte output from sheep popliteal 
lymph nodes with a selective effect on CD4 § lympho- 
cytes. Dietary stimulation could potentially influence the 
neurohumoral system in the gut, resulting in the mainte- 
nance of GALT morphology and function. Further in- 
vestigations are necessary to elucidate the potential role 
of humoral and neural factors on GALT during nutrient 
absorption. 
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