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during surgery(Grosfeld et al., 1973). Many

I.INTRODUCTION

Peritoneal adhesions are the consequence of
an inflammatory reaction and a healing process

following irritation or trauma to the peritoneum

studies aimed at preventing and managing per-
itoneal adhesion have been done by animal and
medical researchers. Minimizing or reducing pos-
toperative adhesion formation requires the use

of surgical techniques that reduce the effects of
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factors associated with adhesion formation (Hol-
tz, 1984). Microsurgical techniques and antiad-
hesive agents have been shown to be effective
in reducing the severity of postoperative adhes-
ions{Utian et al., 1979 ; Pfeffer, 1980).

Minimal manipulation of tissue is essential to
reducing surgical trauma and its associated in-
flammatory processes{Holtz, 1984). However,
even with the best procedures, a certain amount
of tissue irritation and trauma occur with sur-
gery(Goldberg et al.,, 1980 : Larsson et al., 19
77). Therefore, the administration of several dif-
ferent types of prophylactic agents have been
used to inhibit the inflammatory process, thus
affecting the degree of adhesion formation(Hol-
tz, 1984).

Peritoneal adhesion formation /reformation
limits the repeatability of embryo transfer in
small domestic livestock. Adhesion development
commonly limits the number of surgical embryo
collections in donor sheep and goats to 3~5 col-
lections (personal observation).

The first objective of this study was to deter-
mine the dosage of colchicine that could be saf-
ely administered to the ewe. The second objec-
tive was to determine the efficacy of long-term
prophylaxis of colchicine in reducing adhesion
formation following embryo transfer collection
procedures in the ewe. The third objective was
to determine whether colchicine treatment caus-
es abnormal chromosomal numbers or chromatid
breaks. The Western white-faced Targhee-type

ewe was used in this study as an animal model.

II. MATERIALS AND METHODS

Development of adhesions

Thirty ewes weighing an average of 150 lbs
were divided into two groups for surgery. Ewes
were subjected to surgical embryo transfer twic-

e with their oviducts and uterine horns mechan-

ically manipulated to collect embryos. Under
general anesthesia using steril procedures, the
abdominal wall was clipped and covered with
povidone-iodine(Betadine). The reproductive
tract was exteriorized by midline laparotomy
and 20~30ml of Dulbecco’s Phosphate Buffered
Saline(PBS) supplemented with 1g glucose /L,
0.036g Na pyruvate /L and 10% Fetal Calf Ser-
um (FCS) was retroflushed from the tip of the
uterine horn through the oviduct. Medium was
forced through the utero-tubal junction and col-
lected via a cannula inserted 2~3cm into the lu-
men of the ampullae. Both uterine horns were
flushed with media. One-half of the ewes were
randomly selected for treatment and the other
half served as controls. The reproductive tract
was not traumatized beyond that which 1s
encountered in routine embryo-recovery proc-
edures.

The reproductive tract of all ewes undergoing
surgery was rinsed with 10% Dexamethasone,
The abdominal incision was closed with monofil-
ament nylon sutures in two layers. All surgery

was performed by the same operators,

Colchicine administration

Following the first surgery the treatment
groups received 17mg /im colchicine [suspended
in 1ml physiological saline(PSS)] and the con-
trol groups were administered a 1.0mlI(PSS /im)
placebo. The treatment group were to receive
the same daily level of colchicine during the en-
tire treatment period(14 days)unless they devel-
oped clinical symptoms of colchicine toxicity.
Then the level of colchicine would be adjusted
based upon the tolerance of the animals.

The ewes were placed into two groups for sur-
gery. Surgery was performed on the second
group approximately 24 hr after the first group.
Ewes were examined for number and degree of

adhesions following two surgical procedures and
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two treatments with colchicine. In Group (8
treatment and 7 control), all eight ewes treated
with 17 mg colchicine developed hemorrhagic
entero-colitis and typhlitis within 48 hr and had
to be removed from the study. They received
two treatments of colchicine prior to toxicity.
The treatment for Group Il (7 treatment and 8
control) was altered based upon the severity of
colchicine toxicity in Group 1. The treatment
ewes (4 ewes /group) were placed on 8, 4 and
2mg colchicine for the remainder of the treat-
ment period. The lower levels were chosen be-
cause of the severe acute toxicity at the initial
high level of colchicine treatment. Treaments
consisted of daily injections of colchicine. One
ewe in the 8mg group showed colchicine toxicity
by day 5 of treatment and was removed from
the study. The remaining ewes in the 8mg
group were randomly placed in the 4 (n=6) and
2mg (n=5)groups. Ewes were than administer-
ed colchicine every other day to day 14 postsur-
gery.

After a safe level of colchicine administration
was determined, then the final treatment groups
consisted of two groups of three animals each
treated at 4 and 2 mg, respectively. Following
the second surgery, the two treatment groups
were combined and colchicine was administered
at 4mg every day for 14 days. This treatment
was performed with 13(5 treatment and 8 con-
trol) of 15 ewes remaining on the study. Two
ewes were excluded from the study because
they were found to be pregnant at the time of

second surgery.

Evaluation of adhesions

At the second(1st surgery evaluation)and thir-

d(2nd surgery evaluation)laparotomy, photograp-

hs were taken, and the degree and extent of

adhesions within the region of the oviduct and

uterine horn were recorded according to the fol-
lowing classification(Granat et al, 1983) : grade
0, no adhesions ; grade 1, thin, filamentous, eas-
ily separated adhesions ; grade 2, thick adhesion-
s in a limited area : grade 3, widespread thick
adhesion ; grade 4, grade three plus adhesions to

abdominal wall.

Culturing of bone marrow

To determine whether colchicine treatment
causes abnormal chromosomal number or mor-
phology, five treatment and five control ewes
were screened for cytogenetic aberrations,
Cytogenetic analysis was performed after the
second surgery, five days following the last
treatment with colchicine, Bone marrow was
taken by sternal puncture and drawn into a syr-
inge containing 0.15ml sodium heparin(20,000
IU /ml). Two to 2.5ml of bone marrow was aspir-
ated from each ewe, The method used to cul-
ture bone marrow was a modification of the pro-
cedure described by Priest{1977)

Evaluation of chromosomes

Individual chromosome spreads were observed
at 1000x. Slides from ten ewes were evaluated
for chromosomal numeric and structural chan-
ges. The number of spreads evaluted per ewe

varied between 10 and 25

Analysis of data

The Fisher’s exact test for equality of two bi-
nomial proportions was utilized to test for sig-
nificance of differences between groups as to
the prevalence of ewes with three or four grade
adhesions, and student’s t-test was employed
for statistical testing of mean scores from each
laparotomy and of numeric expression according
to surgical period. Chi-square analysis was used

for the analysis of the cytogenetic data,
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Table 1. Summary of Adhesion Grading at Second Laparotomy

Adhesion gradings®

Grou Number of

b Adhesions 1 2 3 4
Colchicine(n=3) 6 2(33%) 4(67%) 0 0
Control(n=8) 16 3(19%) 12(75%) 0 1(6%)

2Grade 1, grade 2, grade 3, grade 4, especially grades 3 and 4 represent severe adhesions(P>0.05)

Table 2. Summay of Adhesion Mean Scores®
from Second Laparotomy

Numeric®

Grading of  No.of
Group Adhesions Adhesions Expression
Colchicine 1.67 2.0 3.33
(n=3)
Control{n=8) 1.94° 2.0 3.88

2 P>0.05 for all column means.

b . . . .
Numeric expression, number of adhesions times

grading.
 1.94, based upon n=4

. RESULTS

A safe level of colchicine treatment was sel-
ected at 4mg/ewe /day after the first treat-
ment period, Levels of 17 mg /ewe /day res-
ulted in acute toxicity. Ewes exhibiting acute
toxicity were removed from the study. Three
other ewes that where initially placed on the
study were also removed for other reasons. At
second srgery, two of the ewes were pregnant
and one was removed because she exhibited nu-
merous abdominal adhesions at first laparotomy.
All remaining sheep were observed six days
after first treatment for external wound healing.
The process of wound healing was similar in
both colchicine-treated and control ewes,

Ewes(n=16) that developed clinical symptom-
s of acute colchicine toxicity were necropsied.
All exhibited hemorrhagic entro-colits and typh-
litis. Ewes(n=38) that received their first dos-

age at 17mg colchicine and lowered to either 8,

4 or 2 mg and then developed acute colchicine
toxicity had a hemorragic abomasitis,

The results of colchicine treatment from sec-
ond laparotomy are shown in Table 1 and 2. T-
able 1 shows the percentage of adhesion grad-
ings of each group.

Among a total of six adhesions in the colchi-
cine group, 33% had mild grade 1 adhesions and
four were moderate grade 2 adhesions. In the
control group, one adhesion among sixteen was
grade 4 and fifteen adhesions were grade 1 or 2
Four of the eight control ewes did not have any
adhesions while all in the treatment group had
adhesions,

However, both groups were not different sig-
nificantly (P>0.05). Table 2 shows the mean val-
ues of adhesion scores at the second surgery.
Adhesion grading in the colchicine group show-
ed a slightly, but nonsignificant, lower score
than the control group.

As previously noted, the animals were retreat-
ed after second laparotomy with a level of 4 mg
colchicine for 14 days. During this treatment,
there were no sympioms of colchicine toxicity(i.
e. gastroenteritis, muscular weakenss and col-
lapse).

The third laparoctomy was performed by the
same operators five weeks after final treatment
of cochicine. As shown in Table 3, summation of
the data on both number, grading of adhesions
and numeric expression showed less adhesion for-
mation in the colchicine group, as compared
with the control group. However, comparison of

two groups revealed no statistically significant
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Table 3. Summary of Adhesion Mean Scores® Gradings of 3 and 4 are indicative of marked

from Third Laparotomy adhesion formation, In the control group, 5% of
Grading of No. of Numeric® the adhesions fell in that category and involved
Group Adhesions Adhesions Expression five of eight ewes. The colchicine group did not
Colchicine 1.45 3.67 5.33 have any 3 and 4 graded adhesions. A total of 11
(n=3) adhesions were observed in the colchicine group
Control(n=8)  1.72 5.57 9.88 and are mainly distributed in mild grade 1 and
* P>0.05 for all collumn. means. moderate grade 2 categories(Table 4).
> Numeric expression, number of adhesions times Table 5 incorparates the data from Tables 2

grading. and 3 to show the cumulative colchicine effect

based upon numeric expression and surgical per-

difference(P>0.05). iods. The colchicine treated animals showed a

Table 4. Summary of Adhesion Grading at Third Laparotomy

Group Number of Adhesion Gradings®

Adhesions 1 2 3 4
Colchicine(n=3) 11 6(55%) 5(45%) 0 0
Control(n=8) 46 21(46%) 18(39%) 6(13%) 1(2%)

2 Grade 1, grade 2, grade 3, grade 4, especially grades 3 and 4 represent severe adhesions(P>0.05).

Table 5. Comparison of Numeric Expression According to Surgical Period

Surgical No. of Numeric?

Treatment Period Animals Expression Difference

1 15 0
Colchicine 2 3 3.33 3.33

3 3 5.33 2.00

1 15 0

2 8 3.88 3.88
Control 3 8 9.88 6.00

# Numeric expression, number of adhesions times grading.

Table 6. Results of Chromosome Evaluations from Bone Marrow Cultures 5 Days Post-Treatment

Chromosome No. (2n) Chromatid
No. of Breaks

Group® Spreads 48 49 50 51 52 53 54 5 56 S° De
Cochicine 50 1 0 0 1 0 0 43 0 0 0 0
Control 56 1 1 1 1 1 0 51 0 0 0 0

¢ Five ewes were sampled in each group.

° S, single.

€D, double.
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difference of 2.00 between the two surgeries
while untreated animals showed differences of
6.00. Due to the small number of animals in the
treated group and large number of variability in
the untreated group, the difference of numeric
expression between two groups was not statisti-
cally significant(P >0.05)

There was no correlation between length of
time the reproductive tract was exteriorized and
the ease of flushing the oviduct on the inci-
dence of severity adhesion formation.

Table 6 shows the results of day 5 post-treat-
ment effects of colchicine on chromosome num-
ber and morphology. In the colchicine group,
96% of the mitoses had normal diploid numbers
of 54 and 91% in the control group. The statisti-
cal comparison between groups was not signifi-
cant(P>0.05). There was no difference in the
incidence of altered chromosome number and
structure between the colchicine treated ewes

and the controls.

IV. DISCUSSION

Very few studies have been conducted using
colchicine as a prophylactic agent in treating
adhesion formation. The reports of Shapiro et
al.(1982) and Granat et al.(1983) demonstrated
a significant reduction of adhesion formation
from colchicine administration. In the study of
Shapiro et al.(1982) 2ml colchicine in a concen-
tration of 0.2mg/g body weight saline was
administered daily for three weeks postsurgery
to rats.

Granat and associates(1983) reported that
rats were treated with 50 xg /g body weight of
colchicine every day for 14 days after surgery.

On the basis of these studies, 17 mg colchi-
cine was chosen to treat adhesion development
in sheep weighing an average 150lbs, This level,

however, resulted in acute colchicine toxicity.

To reduce the risk of colchicine poisoning, dos-
ages were lowered. To further avoid potential
additive effects of daily administration of colchi-
cine during the first treatment period, colchi-
cine was administered on an every other day bas-
is. The two week treatment period used in this
study was based on the data of Granat et al.
(1983)

The high level treatment with colchicine res-
ulted in hemorrhagic entero-colitis and typhlitis.
All sheep that were initially treated with 17mg
colchicine showed a loss of epithelial cells of the
intestinal mucosa and exhibited mitotic figures
in the remnant epithelial cells. A well developed
array of microtubules is normally centered aroun-
d the centrioles in the mast cells. The microt-
ubules were completely lost upon exposure to
high concentrations of colchicine(Lagunoff and
Chi, 1976). Also, when a cell enters mitosis
under the influence of colchicine, the spindle
fails to form (Lagunoff and Chi, 1976). Chrom-
osome division is then temporarily arrested at
metaphase, a phenomenon which was observed
in the remnant epithelial cells. During the sec-
ond treatment period, 4 mg colchicine was
administered per day for 14 days and did not in-
duce toxicity, Colchicine administered intram-
uscularly at the 4 mg level was a safe dosage
and although there were some numeric ex-
pression reduction, the differences were not stat-
istically significant. The results might be con-
sidered to be consistent with the reports of
Shapiro et al.(1982) and Granat et al.(1983) in
reducing severity of adhesion formation in the
treated group.

Cytogenetic analysis of colchicine therapy
indicated that long-term treatment did not caus-
e an increase in either numerical or structural
chromosome abnormalities. No apparent differ-
ences were discernible between the colchicine

treated ewes and the controls. These results
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suggest that continuous long-term colchicine tr-
eatment does not induce chromosomal irregular-
ities, Cohen and his associates(1977) performed
a cytogenetic evaluation of long-term colchicine
therapy in FMF(Familial Mediterranean Fever)
patients. There were no adverse effects with re-
spect to fertility, teratogenicity, and chromosom-
al aberrations. The present study showed similar
results in terms of chromosomal aberrations,
The results of this study show that colchicine
can be safely administered to sheep at levels of
4mg /1b of body weight but is toxic at levels of
8mg or higher. One of four ewes treated at the
8mg level showed acute toxicity during first
treatment. However, none of the ewes showed
toxicity at the 4mg level during the second treat-
ment period. A higher level (>4, <8), if nontox-
ic, might be more effective for adhesion therapy
than the 4 mg level. It might be possible that 6
mg could be administered as a safe level either
daily or every other day for 14days. The optimal
level of colchicine administration and its effi-
cacy as a prophylactic agent warrants further

investigation.

V. ABSTRACT

Thirty ewes received typical trauma to their
oviducts and uterine horns from surgical embryo
collection procedures. Ten percent Dexamethas-
one was used as an irrigant on the exposed ab-
dominal tissue prior to closing the incision. The
treatment group received 17mg colchicine
(1ml /ewe) and the control group was admin-
istered a 1.0ml placebo(PSS). Fifteen ewes that
were initially treated with 17mg /im colchicine
showed acute colchicine toxicity within 2~5
days after initial treatment and were removed
from the study. Due to acute colchicine toxicity
at 17mg, the colchicine level was lowered to 8, 4
and 2mg(4 ewes /group). Treatments consisted

of daily injections of colchicine. One ewe in the
8mg group developed toxicity on day 5. There-
fore, ewes were then administered colchicine
every other day from day 6 to day 14 postsurger-
v at 4 and 2 mg. the second laparotomy was per-
formed 9 weeks after first treatment. Following
second laparotomy, the treatment group{n=>5)
received 4 mg colchicine every day for 14 days
and there was no clinical symptoms of colchicine
toxicity. The third laparotomy was performed
by the same operators 5 weeks after final treat-
ment and the adhesions scored, Adhesion grad-
ing was based on a scale of 0-4, with 4 being the
most severe. The resuits of adhesion grading (>
3) at second laparotomy were not significantly
different (P>0.05)between the two groups. Ad-
hesion formation observed at third laparotomy
showed a reduced, but not significant reduction
(P>0.05) in the colchicine-treated ewes when
compared with the controls. Ten ewes(5 control
and 5 treatment)were examined cytogenetically
by bone marrow analysis five days post-treat-
ment, There was no difference(P>0.05)in the
incidence of numerical or structural aberrations
between the two groups.

(Key words : Colchicine, Adhesion, Embryo,
Ewe, Chromosome)

VI. REFERENCES

1. Grosfeld, J. L., I. R. Berman, M. Schiller
and T. S. 1973. Excessive morbidity resulting
from the prevention of intestinal adhesions
with steroids and anti-histamines. J. Pediatr.
Surg. 8:221-226.

2. Holtz, G. 1979. Prevention and management
of peritioneal adhesions, Fertil. Steril. 41:
497-507

3. Utian, W. H,, J. M. Godfarb and G. C. Star-
ks. 1979. Role of dextran 70 in microtubal sur-



gery. Fertil. Steril. 31 :79-82

. Pfeffer, W. H. 1980. Adjuvants in tubal sur-
gery Fertil, Steril. 33 : 245-256.

. Goldberg, E. P, J. W. Sheets and M. B.
Habal. 1980. Peritoneal adhesions : preven-
tion with the use of hydrophilic polymer
coatings. Arch. Surg. 115 : 776-780.

. Larsson, B., S. G. Svanberg and K. Swolin .
1977. Oxyphenbutazone-an adjuvant to be
used in prevention of adhesions in opera-
tions for fertility. Fertil. Steril, 28 : 807-808

. Granat, M. 1., Tur-Kaspa, E. Zylber-Katz
and J. G. Schenker. 1983. Reduction of peri-
tioneal adheston formation by colchicine : a
comparative study in the rat, Fertil. Steril.
40 : 369-372.

9.

10.

1L

—70—

. Priest, J. H. 1977. Medical cytogenetics and

cell culture, 2nd ed., Lea & Febiger, Phil-
adelphia, pp. 132-141.

Shapiro, 1., M. Grant and M. Sharf. 1982.
The effect of intraperitioneal colchicine on
the formation of peritoneal adhesions in the
rat. Arch. Gynecol, 231 : 227-233

Lagunoff, D. and E. Y. Chi. 1976 Effect of
colchicine on rat mast cells. J. Cell Biol. 71
:182-195.

Cohen, M. M., M. Levy and M. Eliakim,
1977. A cytogenetic evaluation of long-term
colchicine therapy in the treatment of Fam-
ilial Mediterranean Fever(FMF). Am. J.
Med. Sci. 274 : 147-152.



