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We [1]established that within 10 to 30 days after resecting Y/gth to 'y th of the small intestine of rats
there was a decrease in the number of mitoses seen in epithelium of the crypts in areas adjacent to the place
of anastomosis (both proximal and distal to it) when a comparison was made with corresponding areas of the
{ntestine in unoperated rats, At the same time, the bowel of the operated animals maintained the definite
reaction of increased mitotic response to unconditional reflex food stimulators, Sixty days after the operation,
the mitotic eplthelial activity within the crypts of the operated rats was greater than the activity shown by
the control antmals or by the operated animals sacrificed 10 or 30 days after the operation. By this time,
hypertrophy is apparent from the Increased diameter of the bowel. Ninety days after the operation, the
number of mitoses in the bowel diminishes but still remains above the level observed in the control rats.

However, It was not clear what produced the alterations in the mitotic activity within the mucosa of the
bowel of the operated rats: i.e., the trauma caused by the resection or the increased functional load placed
upon the remalning small Intestine, Moreover, it was of interest to make a more detailed study of the de-
structive phase of the physiological regeneration of the small intestine after a portion of it had been resected,

In the ’prescnt study we examined the physiologlcal regencration of the small intestine following resection
of almost 50% of its length, We examined areas far removed from the anastomosts, included porttons of the
bowel partially excluded from the digestive process,

EXPERIMENTAL METHODS

We uscd 16 white rats welghing 120-180 grams. Eight were used as controls, while the other eight were
opetated {n the manner shown in the diagram,

Mentally, we separated the intestine into four equal.areas, Portion No, 2, along with its mesentery, was
resected, Then the distal part of portion No, 1 was approximated to the distal part of portion No, 3, matked
by us as *blind,® and a side-to-side anastomosis was done, In this fashion, the blind area (Nu. 3) along with its
mesentery, remained parallel to the proximal area (No, 1). The blind arca was attached to the proximal portion
by tliree separate sero-muscular silk suturcs, On subsequent exanination, we wete ablc to prove that no food
would enter the blind portion of the tntestine except at the otifice directly adjacent to the anastomosls, Immediately
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after the operation, the animals were taken to the vivarjum and maintained there under the same conditions
as the control ratz, Both the control and experimental animals were sacrificed 30 days after sutgery., This
time Interval was chosen because [t was the time when the operated rats would reach the welght of the control
tats of the same age, For two days before belng sacrificed, the animals were glven no food — only water, After
the animals had been killed, thelr intestines were cut off from the mesenteties and totally fixed {n Bouln's.
fluld,

Diagram of experimental procedure, 1) Before surgery; II) after surgery.

1) Proximal portion; 2) resected portion; 3) intermedlate portion; 4) distal
portion; 5) place where bowel passes through the mesocolon; 6) stomach;

7} cecum, Dots {ndicate areas taken for histologic studies,

We subjected three different areas of the intestine to morphological studies; the reglons chosen were
those indicated by the dotted lines of the diagram, Corresponding regions were chosen in the controf animals,
The material was imbedded in paraffin, longitudinal sections 7 g thick were taken, and eosin—hematoxylin
stain was used, In 2ll the chosen areas, we counted the number of mitoses seen in 40 crypts of the sections
taken longitudinally through the centers, and we then took the average number per crypt,

In addition, we qualitatively evaluated the process of epithelial sloughing and disintegration, Arbitrarily
we considered it to be the first stage of sloughing either when individual cells were separating at the villous
tip or when a space filled with albuminous flutd formed between the epithelium and stroma, Stage 2 was
taken as being characterized by epithelial separation of a whole sheet of cells for no less than Y¢ th or more
than Y3 of the length of the villus, Stage 3 of sloughing was considered as having been reached when epithelial
separation involved the lower half of the villus, When the epithelial sheet had already disappeared and the
villus was left with only the stroma for most of its length the condition was classifled as stage 4. In each rat,
100 villi were examined, each villus belng categorized as pertaining to one of the 4 stages just described; then
the average of the four stages of sloughing was calculated.

This qualitative evaluation of the destructive phase of physiologic regeneration is far from being a
completely satisfactory method. Indeed, it {s not easy to take our arbitrary diviston into stages as really re-
presenting the intensity of the sloughing or reflecting the varlous phases of the process. In addition, the end
tesult of the secretory process depends not only on the inteasity of its individual phases but also on their velo-
cities, all these aspects of the situation being beyond the scope of our experiments at present, In spite of all
this, we deemed it essential to estimate (even if only approximately) the intensity of the destructive phase of
‘phystological regeneration in the control and experimental rats, as we did find that in the operated animals the
{ntestinal lumen contalned a larger number of sloughed cells,
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EXPERIMENTAL RESULTS

The tesults of the mitosis count ate shown {n Table 1.

TABLE 1

The Average Number of Mitoses Per Crypt

. Rat No, )
Area : Average
t 2 3 4 s 6 7 s
Operated Rats (experimental)
Proximal 6.5 |39 162 156 |62 |45 {58 |54 |55
-Middle 24 127 {35 [23 |32 |26 |26 26 {27
Distal 3.7 130 |35 |39 [37 |39 4.2 |41 |38
Unoperated Rats (control}
Proximal 45 }3.6 [3.1 |3.0 |29 {36 |33 |42 |35
Middle 3.0 125 j3,¢ |3.1 {36 |25 120 21 |27
Distal 28 120 {28 |25 129 {21 122 128 {25

As can be seen by examining this table, the average number of mitoses per crypt in the proximal portion

TABLE 2

Sloughing St;ges in Arbitrary Units Per Each Villus

of the bowel was 5.5 in the operated rats and 3.5 in the unoperated rats, In the middle area the number was 2.7
for both the operated and unoperated rats, The distal portion showed a greater mitotic activity in the operated
anfrnal as compared ‘with the unoperated, the ratio being 3.8 mitoses to 2.5, The relation of the phases of the

mitosis was the same for the operated and unoperated animals.

Rat No, |
Area Average
' 2 3 4 s 6 7 8
Operated Rats (experimental)
Proximal 3.33125 375} 1.91}1.€8]209]3.2 |2.72] 268
Middle 19 | 176}1.41]120 [054;073]145[0,55] 1.29
Digal 3451 1.7312761235}1.76{055]0.92}1.82] 191
Unoperated Rats {control) ‘
Proximal 121116 J0o69]1,0311.28]1.58]|1.53¢2.61] 1.4}
Middle 050[054]1,9/0.73]056]|0.84}0.37(0.49| 0.76
Distal 0.77103 Jo2t|{122]202{097}11.0 |3.07| L.19

Thus, after partial intestinal resection, there is in the remaining bowel, an intensitication of the processes

characterizing physiological regeneration: in the operated rats, the proximal portion of the bowel shows a 36%
increase in mitotic activity, while in the distal portion, the figure is 34% — all these values being taken as
comparisons with similar areas studied in the unoperated animals, This difference in the mitotic counts Is
statistically valid as P equals 0,01, All this is true, however, of those portions of the intestine over which food
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pastes, In the middle (*bltnd*) portion of the intestine in the operated rats, {ncreased mitotic activity was not
ohserved, From this [t may be concluded that the alterations within the time after the operations were not due
to rauma but resulted from the intestinal resection, All the rats were sacrificed under conditions such that thels
digestive cycles were similar, so that the Increase in the number of mitoses can be regarded as 2 manifestation
of restorative processes attempting to compensate for the resection of almost 50 % of the small intestine, The
fact that the number of mitoses {n'that middle portion of the intestine in the operated rats over which food did
not pass was simtlar.to the number seen in a comparable area in the unoperated rats compels us to suppose that
the regenerative reaction of the [ntestine {s affected directly by the passage of food through it or, in other
words, that it {s a function of the imposed load, Our work does not permit a decision as to whether the increase
in the number of mitoses {s due to increased intestinal function of due to its structural reconstruction, The
possibility that both processes are proceeding simultaneously {s not excluded,

The processes of epithelial stoughing and disintegration are expressed in Table 2.

Table 2 demonstrates that in the operated animals the disintegration of the epithelium proceeds more
intensively, the differences being seen mainly in the proximal and distal portions of the bowel and to a much
lesser degree In the middle section, The differences in the intensity of sloughing as observed between the
operated and unoperated animals are statistically valid for the proximal portion, The intensification of the
destructive phases {n those areas where there was food passage leads us to the supposition that in the time in-
terval after operation the processes of functional intensification predominate cver those of morphological re- -
storation, Our results on epithelial sloughing and disintegration after partial intestinal resection are in accord
with the experiments of V, P, Mandzhagaladze [2] who demonstrated an increase in the solid components of '
intestinal secretion from an isolated portion of the intestine after the lower division of the small intestine had
been resected,

SUMMARY

Eight white rats were operated, while 8 other rats were used as controls, Approximately 50% of the small
{ntestine was resected in the 8 operated animals and, also, a blind pouch was created as shown in the diagram
depicting the procedure employed, All the animals were sacrificed 30 days after surgery, The increase in the
mitotic activity and the intensification of the sloughing processes seen in the intestines of the operated animals
as compared with the controls was taken to be an indication of an increase in physiological regeneration, As
there was no intensification seen in the blind pouch that had been constructed, it was concluded that this in-
temsification was not due to the surgical trauma but due to the hypertrophic and compensatory processes caused
by the food passing over a smaller amount of intestine remaining and therefore producing a functional overload,
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