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Epithelial Cell Renewal and Turnover and 
Relationship to Morphologic Abnormalities 

in Je'unalj Mucosa in Tropical Sprue 
MINNIE M. MATHAN, MD, PhD, J. PONNIAH, MD, and V.I. MATHAN, MD, PhD 

A morphometric study confirmed that increasing severity o f  the jejunal mucosal morpho- 
logic lesion is accompanied by increased crypt height and reduced villus length in patients 
with tropical sprue. Mitotic activity in the crypts was increased. Pulse labeling o f  jejunal 
mucosal biopsies cultured in vitro with [3H]thymidine confirmed that there was increased 
uptake o f  label in tropical sprue with more rapid migration o f  labeled cells to the villi. The 
label was also lost more rapidly. Earlier ultrastructural studies have shown enterocyte 
damage and extrusion in the crypt and villus epithelium. The present data Suggest that in ihe 
jejunal mucosa of  patients with tropical sprue, the loss of  damaged enterocytes leads to villus 
shortening and increased cell production in the crypts, with hypertrophy of  the crypts. 

Tropical sprue is a primary malabsorption Syn- 
d rome  of unknown etiology widely prevalent in 
many tropical regions (1). Earlier reports from 
southern India showed that enterocyte damage in 
the crypts, the regenerative compartment, and on 
the villi, is the basic lesion in the jejunum in patients 
with tropical sprue (2, 3). Descriptive terms for the 
mucosal morphologic abnormality such as partial 
villus atrophy (4) have been developed from the 
experience in celiac sprue where the lesion involves 
primarily the villus epithelium. It appears reason- 
able, in view of the demonstrated damage to the 
crypt epithelium in tropical sprue (3), that morpho- 
logic descriptions in this condition should be reeval- 
Uated. Furthermore, in apparently healthy asymp- 
tomatic subjects in most tropical countries, there is 
a wide prevalence of minor morphologic alterations 
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in the jejunal mucosa associated with minor absorp- 
tive abnormalities, especially xylose malabsorption 
(5). These changes, nonspecific tropical enteropa- 
thy, are not associated with clinical illness and are 
thought to be the result of adaptation to the con- 
taminated environment of the tropics (6). Morpho- 
logic abnormalities in jejunal biopsies from patient s 
with tropical sprue have to be assessed with this 
background. 

A morphometric study of jejunal biopsies from 
asymptomatic volunteers and patients with tropical 
sprue was therefore carried out to systematically 
classify morphological changes. In subgroups of the 
same subjects the mitotic index was calculated and 

i n  vitro organ cultures of jejunal mucosal biopsies 
were pulse labeled with [3H]Thymidine to deter- 
mine the labeling index and migration of labeled 
cells to the villus epithelium. The morphogenesis of 
the jejunal mucosal lesion in tropical sprue could be 
worked out based on these results. 

MATERIALS AND METHODS 

Subjects Studied. Forty healthy asymptomatic adult 
volunteers from villages kept under surveillance by the 
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field team of the unit were admitted to a metabolic ward. 
None of them gave a history of episodes of acute diarrhea 
in the preceding two months or of chronic diarrhea. Of 
these controls, 40% had low urinary xylose excretion 
after a 5-g oral dose, another 5% had mild steatorrhea 
(mean 24-hr fecal fat 6.5 and 7.4 g), and none had vitamin 
B12 malabsorption. These findings are similar to earlier 
results of studies in the normal population of this area (5). 
Biopsies were also available from 48 consecutive patients 
with tropical sprue with a history of diarrhea longer than 
one month. The biopsies were all taken within three days 
of admission, prior to therapeutic intervention or nutri- 
tional repletion. The volunteer controls and patients were 
investigated as described elsewhere to exclude secondary 
malabsorption and to test vitamin B12, D-xylose, and fat 
absorption (12). All patients with sprue had malabsorption 
of at least two of these three substances. 

The work was approved by the Research Committee of 
the Institution. 

Jejunal Mucosal Biopsy. Jejunal mucosal biopsies were 
obtained with Crosby capsules positioned fluoroscopi- 
cally just distal to the ligament of Treitz, after an over- 
night fast. The biopsies were rapidly retrieved, spread fiat 
on Saran mesh, fixed in Bouin's fixative, embedded in 
paraffin, and 4-p~m sections stained with hematoxylin and 
eosin. All histological sections were evaluated by three 
independent observers without knowledge of the clinical 
diagnosis. On morphological grounds, the biopsies were 
classified as normal or showing mild, moderate, or severe 
degrees of abnormality (7). Increasing severity of abnor- 
mality was indicated by increased crypt height with 
shortening of villi, abnormalities in the enterocytes with 
shortening, vacuolation and irregular arrangement of nu- 
clei, increased epithelial lymphocytes and cellularity of 
the lamina propria. In normal biopsies, while the crypt 
height was about a quarter of the total mucosal thickness, 
the other parameters were generally normal and entero- 
cyte abnormalities were seldom seen. In biopsies with 
severe changes, in addition to marked enterocyte abnor- 
malities and[ cellular infiltration, the total mucosal thick- 
ness was usually reduced, but villus profiles were still 
identifiable (Figure 1). 

Morphometrie Studies. Using a calibrated micrometer 
eyepiece, measurements were carried out on all the 
biopsies without reference to the diagnostic category or 
morphologic classification. The total mucosal thickness 
was measured from the base of crypts to the tips of villi in 
10 different areas where at least three well-oriented crypt 
villus units could be completely visualized. The areas 
were selected on serial sections, at least four sections 
apart. The thickness of the crypt and the height of the 
villus were also separately measured in these areas. The 
crypt-villus junction was determined by alterations in the 
morphologic characteristics of the epithelial cells and the 
presence of a shoulder, with narrowing of villus lamina 
propria subsequent to that (8, 9). Measurements were 
done independently by two observers. When all measure- 
ments were completed, the code was broken and the 
biopsies we:re separated into the four categories of histo- 
logical grading and mean values calculated. Interobserver 
variation in the measurements was less than 10% and, for 

each biopsy, the measurements by both the observers 
were pooled to calculate mean values. 

Mitotic Indices. Mitotic figures in metaphase or 
anaphase were counted, in areas where at least three 
well-oriented adjacent crypt-villus profiles could be seen, 
in 18 normal biopsies selected at random and 24 patients 
with tropical sprue (6 mild, 12 moderate, and 6 severe 
changes). Counts of total epithelial cells (Crypt and 
villus), crypt epithelial cells, and mitoses started and 
finished at the villus-crypt junctions of the villus profiles 
immediately adjacent to the well-oriented area. To obtain 
a total epithelial cell population of at least 5000 cells in 
normal, mild, and moderate change biopsies and 
2000-2500 in severe change biopsies, serial ribbons were 
used, counts being repeated after an interval of three 
sections. The mitotic index was expressed as mitoses per 
100 crypt cells and mitoses per 100 total epithelial cells, 
the latter probably representative of the total epithelial 
cell mass. The percent of crypt cells per 100 total epithe- 
lial cells was also calculated. 

In Vitro Organ Culture. Jejunal mucosa was obtained, 
by passing two Crosby capsules in tandem, from 12 
patients with tropical sprue and six healthy asymptomatic 
controls from among the subjects described above. The 
biopsies were divided into four bits with a sterile razor 
blade and cultured in vitro as described by Trier and 
Browning (10). The initial culture medium (9 parts 
Trowells T-8 with 1 part fetal calf serum) contained 2 p.Ci 
of [3H]thymidine (Radiochemical Centre, Amersham, 
UK) per milliliter. The radioactive medium in the dishes 
was removed at the end of 6 hr and replaced with fresh 
unlabeled medium after washing and reincubated. At 6, 
12, 24, and 48 hr incubation, one piece of tissue was 
removed and fixed in 2.5% glutaraldehyde for 3 hr, 
postfixed in 1% osmium tetroxide, and embedded in 
Araldite resin. One-micrometer-thick sections were cut 
with glass knives, mounted on clear glass slides, coated 
with Ilford K5 photographic emulsion, and incubated for 
4-6 weeks in the dark at 4~ The autoradiographs were 
then developed and counterstained with toluidine blue. 

In the 6-hr biopsies, where complete crypt villus pro- 
files could be identified, the number of crypt cells and the 
number of labeled cells per 100 crypt cells were counted 
in at least 10 crypt profiles. At 12, 24, and 48 hr, migration 
of the leading edge of labeled cells towards the surface 
was measured and expressed as a percent of the total 
height of the crypt-villus column (10, 11). Significance of 
differences in the various parameters was assessed by 
analysis of variance for samples of unequal sizes. Differ- 
ences between individual groups were also tested by the 
unpaired Student's t test. 

RESULTS 

Morphology and Morphometry. The 88 biopsies 
were divided into four morphological groups: nor- 
mal, mild changes, moderate changes, and severe 
changes (Figure 1). Six of  the 40 biopsies from 
volunteer controls showed mild changes, and four 
moderate. None of  these controls had diarrhea or 
malabsorption, but increased thickness of the crypts, 
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Fig 1. Jejunal mucosal biopsies (H&E, • 140). (a) Normal biopsy from a control volunteer. (b) Tropical sprue. Mild change. Some 
increase in crypt height and cellularity of lamina propria. (c) Tropical sprue. Moderate change. Crypt occupies almost half the total 
width of mucosa. Cellularity of lamina propria is markedly increased. Villus ceils are shortened with an increase in epithelial 
lymphocytes. (d) Tropical sprue. Severe change. Total thickness of the mucosa is reduced. Villi are markedly shortened. Villus 
cells are cuboidal and vacuolated. There is a marked increase in cellularity of lamina propria and crypt height. 

minor abnormalities in the epithelial cells, and some 
increase in mononuclear cells were present (5). 
Four biopsies from patients with tropical sprue 
were morphologically classified as normal. For 
morphometric analysis, after the measurements 
were completed, the 10 biopsies from controls with 
mild and moderate abnormalities were included in 
the normal group so that the complete spectrum of 
nonspecific tropical enteropathy (5) could be con- 
sidered as one group. The four normal biopsies 
from patients with tropical sprue were included in 
the mild-change group. Keeping these biopsies in 
their original morphologic category did not signifi- 
cantly alter the mean measurements. 

The total mucosal thickness in normal biopsies 
and in the mild-change sprue group was not signif- 

icantly different (Table 1). The mucosal thickness 
was less in the moderate change group, but the 
reduction was not statistically significant. The mean 
mucosal thickness was significantly reduced in bi- 
opsies with severe changes (Table 1). The crypt 
height significantly increased and villus length de- 
creased from the normal biopsies through the three 
grades of morphological abnormality (Table 1). Par- 
alleling these changes, the crypt-villus ratio and the 
percent of crypt cells also increased significantly 
with increasing severity of the morphological lesion 
(Table 1). 

Mitotic Index. Mitoses per 100 crypt cells were 
significantly higher in biopsies were moderate 
changes. The differences between the other three 
groups were not statistically significant. However, 
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TABLE 1. MORPHOMETRY AND MITOTIC INDICES 

N orma l  Mild Moderate  Severe  Significance 
(N = 40) (N = 12) (N = 24) (N  = 12) (P)* 

Total mucosal thickness (~m) 523 (77)? 557 (60) 
Crypt height (p.m) 141 (19) 188 (23) 
Villus length (~m) 373 (55) 365 (17) 
Crypt-villus ratio (%) 27.5 (5.7) 34.2 (4.3) 
Crypt cells (%):~ 25.7 (5.0) 36.0 (4.3) 
Mitosis/100 total cells+ 0.44 (0.13) 0.68 (0.08) 
Mitosis/100 crypt cells; 1.79 (0.58) 1.88 (0.21) 

475 (53) 361w (57) NS 
235 (25) 220 (40) <0.05 
235 (24) 138 (43) <0.05 

50s (3.4) 61.0 (5.5) <0.05 
50.9 (5.1) 63.8 (3.8) <0.05 

1.33 (0.08) 0.89 (0.09) <0.05 
2.63�82 (0.36) 1.42 (0.18) NS 

*Statistical significance by analysis of variation. 
?Figures in parenthesis are standard deviation. 
;These counts were done only on half the biopsies selected at random. 
w shorter than normal or mild. P < 0.05. 
�82 higher than normal and mild. P < 0.05. 

when mitoses were expressed per 100 total epithe- 
lial cells, the counts in all the three groups of sprue 
biopsies were significantly higher than in the norm- 
als (Table 1). Mitotic activity was highest in patients 
with moderate changes. In severe lesions, the mi- 
totic activity expressed per 100 total epithelial cells 
was significantly lower than in the moderate group 
but higher than in the mild group. 

Correlation of Clinical Characteristics with Mor- 
phology. The mean duration of diarrhea was longer 
in patients with moderate and severe lesions (Table 
2). Mean hemoglobin, serum vitamin Bla, serum 
folate, and serum albumin concentrations were 
lower in patients with moderate and severe lesions, 
but only the latter two were significantly different. 
The severity of steatorrhea and xylose malabsorp- 
tion correlated well with the severity of the mucosal 
lesion. The prevalence of vitamin B12 malabsorp- 
tion was similar in all three grades of morphologic 
abnormality (Table 2). The morphologic abnormal- 
ities did not correlate with the presence of megalo- 
blastic anemia in individual patients. 

In Vitro Culture Studies. Adequate material for 
calculating labeling index was available from four 
control biopsies and two mild, four moderate, and 
two severe change biopsies from patients with trop- 
ical sprue. Migration of labeled cells could be 
evaluated only in the four normal biopsies and four 
sprue biopsies with moderate change. The other 
biopsies were unsatisfactory due to bacterial con- 
tamination, unsuccessful maintenance in vitro, or 
poor labeling. 

After 6 hr incubation in the medium containing 
tritiated thymidine, the number of labeled cells was 
significantly higher in the tropical sprue group (Fig- 
ure 2). In the normal biopsies, labeled cells were 
confined to the crypts at 6 hr, but in the sprue group 
they had already migrated to the lower reaches of 
the villi. 

The rate of migration of labeled cells to villi was 
faster in tropical sprue biopsies compared to the 
controls at all four time intervals (Figure 3). At 24 
hr, the leading edge of labeled cells had migrated 
nearly 80% of the total thickness of the mucosa in 

TABLE 2. CORRELATION OF SOME CLINICAL CHARACTERISTICS WITH MORPHOLOGIC GRADING OF MUCOSAL LESION 

Morphological  grading 

Normal  Mild Moderate  Severe  Significance 
(N = 40) (N = 12) (N = 24) (N = 12) (P)* 

Mean duration of diarrhea (months) 4.3 
Hemoglobin (g/100 ml) 13.1 10.3 
Serum vitamin B12 (pg/ml)? 163 103 
Serum folate (ng/ml)? 7.2 4.8 
Serum albumin (g/100 ml) 3,4 3.2 
Mean 24-hr fecal fat (g) 3,8 11.8 
Mean xylose excretion (%) 27 14.6 
Percent of group with vitamin B~2 malabsorption 0 66 
Number of patients with megaloblastic anemia 7 

6.4 6.2 NS 
9.7 9.2 NS 

93 97 NS 
3.9 3.2 <0.05 
2.6 2.9 <0.05 

14.3 16.9 <0.05 
11.3 9.5 <0.05 
50 66 NS 
17 8 

*NS = not significant. Statistical significance by analysis of variance. 
?Normal values serum vitamin B12 (Euglena gracilis assay) > 140 pg/ml; serum folate (Lactobaeil lus caseii assay) > 6 ng/ml. 
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Fig 2. Labeled cells per 100 crypt cells in biopsies from controls 
and patients with tropical sprue after 6 hr in in vitro culture; 
medium containing [3H]thymidine. The mean labeling index 
between the two groups is significantly different (P 0.01). The 
severity of morphological change in sprue biopsies as indicated. 
The labeling index was also significantly (P 0.01) higher in 
biopsies with moderate change in tropical sprue compared to the 
normal. 

the sprue biopsies, while they were at 40-48% in the 
control subjects. At 48 hr in the three sprue biopsies 
available for evaluation, the label had reached the 
villus tip in only a few labeled cells, remaining on 
the side of villi. In the control biopsies, the leading 
edge of the label was just above 50% of the distance 
up the side of the villus (Figure 3). There was no 
improvement in the histological damage in the sprue 
biopsies after 24 hr culture in vitro. After 48 hr in 
the culture medium, there was considerable edema 
in both control and sprue biopsies. 

DISCUSSION 

Tropical sprue is defined as a primary malabsorp- 
tion syndrome in residents of or visitors to tropical 
regions where the disease is endemic (1). The 
diagnosis in the individual patient is dependent on 
the demonstration of malabsorption of at least two 
substances, jejunal mucosal morphologic abnormal- 
ities, and the exclusion of conditions which can give 

rise to secondary malabsorption. Since apparently 
healthy adults in many tropical developing coun- 
tries have an intestinal "lesion" characterized by 
mild morphological abnormalities and malabsorp- 
tion, especially when the urinary excretion of D- 
xylose is tested, patients with tropical sprue have to 
be differentiated from this background of abnormal- 
ity (5). If criteria of symptomatic illness character- 
ized by persistent diarrhea, increasing severity of 
nutritional deficiency states with longer duration of 
illness, malabsorption of two or more substances, 
and mucosal abnormalities more than the spectrum 
in the local "healthy" population are used, the 
diagnosis of tropical sprue as a primary malabsorp- 
tion syndrome is relatively easy. 

The morphologic and morphometric results con- 
firm previous findings in apparently healthy con- 
trols without significant malabsorption and patients 
with tropical sprue in southern India (2, 3, 12) and in 
other parts of the tropics (4, 13, 14). The decrease in 
mucosal thickness with increase in crypt height and 
fall in mitotic activity in severe lesions is similar to 
the earlier observations in Puerto Rico (4). These 
authors suggested that, in addition to other un- 
known factors, nutritional deficiency also could 
play a role in the pathogenesis of the mucosal 
lesion. In the present study, indices of nutritional 
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48Hrs.  

Fig 3. The migration of the leading edge of labeled cells from the 
crypt to the villus tip shown as a percent of the total crypt villus 
unit length in each control and patient after different times of in 
vitro culture. The biopsies from patients belonged to the moder- 
ate severity category. The rate of migration of leading edge is 
significantly faster in tropical sprue at 24 and 48 hr (P 0.01). 
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Fig 4. A proposed model for the morphogenesis of the jejunal mucosal lesion in tropical 
sprue. The "agents"  causing the primary damage are not known. It is also not known 
whether the crypt damage involves damage to the stem cell population or whether 
newly formed cells are damaged soon after their production. 

status (Table 2) were more abnormal in patients with 
moderate and severe lesions. It has been shown 
earlier (2) that nutritional deficiencies develop second- 
ary to prolonged malabsorption and that the severity 
of malabserption correlates well with the degree of 
jejunal morphologic abnormalities (Table 2). 

Jejunal mucosal morphologic changes were clas- 
sified into mild, moderate, and severe degrees of 
abnormality (7). This system of classification does 
not presume a primary site of damage as in descrip- 
tive terms Such as "villus atrophy." The morpho- 
metric results and increased mitotic activity in the 
present study confirm that the mucosal lesion in 
tropical sprue is of the "crypt cell hyperplastic" 
variety (9, 15) and validates the system of grading 
(Table 1). Expressing mitosis per 100 total epithelial 
cells (villus and crypt) brought out the increased 
mitotic activity in tropical sprue better than calcu- 
lating mitosis per 100 crypt cells alone (Table 1). 
The proportion of crypt cells to total cells increased 
with increasing severity of the morphological lesion 
and the total number of epithelial cells is a better 
index to calculate the frequency of mitosis. Re- 
duced mitotic activity in severe lesions could be due 
to the "agenr '  causing tropical sprue damaging the 
stem cells or due to the fact that multiple nutrient 
deficiency occurs consequent to the malabsorption 
(Table 2) and could limit cell replication. 

The in vitro organ-culture system used in this 
study has been validated in celiac sprue, showing 
that increased cell labeling and migration was the 
result of loss of epithelial cells from the functional 

compartment (10, 17, 18).  Jejunal crypt cell 
hyperplasia with increased mitosis could be the 
result of increased cell production to replenish cell 
loss or of a metabolic arrest in crypt cell maturation 
(16). The labeling index in tropical sprue was ap- 
proximately double the controls (Figure 2). This 
doubling of cells in the synthetic and mitotic phase 
of the cell cycle in tropical sprue indicates an 
accelerated cell cycle (19). 

The faster rate of migration of the labeled cells 
from the crypt to the surface and the fact that they 
have almost disappeared from the sprue biopsies at 
48 hr, along with the finding of extrusion of dam- 
aged cells from the sides of the viii and the crypts 
(3), clearly suggests that the basis of the morpho- 
logical abnormality in tropical sprue is the acceler- 
ated loss of damaged cells from the epithelium with 
the crypt increasing cell turnover to replenish the 
functional compartment (Figure 4). This hyperplas- 
ia of crypt cells leads to an apparent hypertrophy of 
the crypt. In addition, the crypt enterocytes are also 
damaged in tropical sprue in contrast to celiac sprue 
(3). The primary "agent" causing cell damage in 
southern Indian tropical sprue and whether it dam- 
ages the "stem cells" is not known. Crypt cells 
hyperplasia with reduction in villus length suggests 
that the regenerative compartment is not able to 
keep up with the cell loss. The balance between the 
extent of celt damage, the rate of loss from the 
epithelium, and the availability of nutrients to sus- 
tain cell growth determines the ultimate profile of 
the mucosal morphologic lesion. 

Digestive Diseases and Sciences, Vol. 31, No. 6 (June 1986) 591 



MATHAN ET AL 

REFERENCES 

1. Klipstein FA, Baker S J: Regarding definition of Tropical 
Sprue. Gastroenterology 58:717-721, 1970 

2. Baker S J, Mathan VI: Tropical sprue in southern India. In 
T.ropi6al Sprue and Megaloblastic Ariaemia. A Wellcome 
Trust Collaborative Study. London, Churchill Livingstone, 
1971, pp 189-%0 

3. Mathan M, Mathan VI, Baker SJ: An electron microscopic 
Study 0f jejunal mucosal morphology in control subjects and 
i n patients with tropical sprue in southern India. Gastroen- 
terologj, 68:17-32, 1975 

4. Swanson VL, Thomassen RW: Pathology of the Jejunal 
mucosa in tropical sprue. Am J Pathol 46:511-551, 1965 

5. Baker SJ, Mathan VI: Tropical enteropathy and tropical 
sprue. Am J Clin Nutr 25:1047-1055, 1972 

6. Mathan VI, Ponniah J, Mathan M: Tropical enteropathy: An 
adaptation of the small intestine to accelerated cell loss in 
contaminated environments~ In Mechanisms of Intestinal 
Adaptation, JWL Robinson, RH Dowling, EO Riecken 
(eds). Lancaster, MTP Press, 1981, pp 609-610 

7. Perera D, Weinstein WM, Rubin CE: Small intestinal bi- 
opsy. Hum Pathol 6:157-217, 1975 

8. Shiner M, Doniach I: Histopathologic studies in steatorrhea. 
Gastroenterology 38:491--440, 1960 

9. Lee PD, Toner PG: Biopsy Pathology of the Small Intestine. 
London, Chapman and Hall, 1980 

10. Trier JS, Browning TH: Epithelial cell renewal in cultured 

duodenal biopsies in celiac sprue. N Engl J Med 293: 
1245-1250, 1970 

11. Holt PR, Kotler DP, Pascal RR: A simple method for 
determining epithelial cell turnover in small intestine. Gas- 
troenterology 84:69-74, 1983 

12. Baker SJ, Ignatius M, Mathan VI, Vaish SK, Chacko CC! 
Intestinal biopsy in tropical sprue. In intestinal Biopsy. 
GEW Wolstenholme, MP CamerOn (eds). London, Church- 
ill, 1962, pp 84-101 

13. Schenk EA, Samloff IM, Klipstein FA: Morphological char- 
acteristics of jejunal biopsies in Celiac disease and in tropical 
sprue. Am J Pathol 47:765-781, 1965 

14. Brunser O, Eidelman S, Klipstein FA: A comparison be- 
tween overt tropical sprue and asymptomatic subjects. Gas- 
troenterology 58:655-668, 1970 

15. Creamer B: The dynamics of small intestinal mucosa. In 
Recent AdVances in Gastroenterology. J Badenoch, BN 
Brooke (eds). Boston, Little Brown, 1965, pp 148-16i 

16. Creamer B: The turnover Of the epithelium of the small 
intestine. Br Med Bull 23:226-230, 1967 

17. Falchuck ZM, Gebhard RL, Sessoms C, Strober W~ An in 
vitro model of gluten sensitive enter0pathy. J Clin Invest 
53:487-500, 1974 

i8. Stevens FM, Keane R, Fottreil PF, McNicholl B, McCarthy 
CF: Organ culture of celiac and nonceliac small intestinal 
mucosa. Ir J Med Sci 147:11-14~ 1978 

19. Lipkin M: Cell replication in the gastrointestinal tract of 
man. Gastroenterology 48:616-624, 1965 

592 Digestive Diseases and Sciences, Vol. 31, No. 6 (June 1986) 


