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Abstract 0 Using an isolated muscle bath technique, five different 
segments of the rabbit gastrointestinal tract (duodenum, jejunum, 
ileum, ascending and descending colon) were used to record the effects 
of two doses of 1,s-dihydroxyanthraquinone (danthron). Transducer- 
recorded tracings were made of contractions per minute, interval 
between contractions, and amplitude of contractions. The results 
were evaluated and statistical tests among comparisons of the three 
parameters between the two drug doses and control values indicated 
the parameter of interval between contractions to be a statistically 
significant indication of activity. 
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Many reports on the analysis, standardization, and 
mode of action of senna, sennosides, and anthra- 
quinones are in the literature (1-3). Cathartic pharma- 
cology has been the subject of reviews and has involved 
the parasympathetic system, however, the basic mecha- 
nisms of peristaltic activity remain undefined (4-6). 

Descriptions of clinical testing techniques, indications, 
contraindications, and side effects of cathartics are 
readily available (7-1 1). 

Likewise, many different animal techniques have 
been reported along with untoward effects of cathartics 
in animals (7, 12). Most animals have been utilized 
in cathartic testing; the mouse bioassay and the 
mouse Fiihner cathartic testing techniques are quite 
commonly used (13, 14). The monkey has been reported 
to be the most appropriate animal for in uivo cathartic 
testing (15, 16). 

Although it has been stated that the rabbit is re- 
fractive to anthraquinone cathartics (12) and the value 
of the in vitro intestinal segment testing technique of 
cathartics has been questioned (1 5), it was the purpose of 
this study to observe anthraquinone effects on different 
segments of rabbit gastrointestinal tract and statistically 
compare these with previously delineated standards 
(17) in an attempt to develop a technique for drug- 

effect studies. The most appropriate parameter of 
measurement and the preferential intestinal segment 
of the drugs effect were also objectives. 

EXPERIMENTAL 

Adult, albino rabbits were anesthetized with ether, and 2-3-cm 
segments of duodenum, jejunum, ileum, ascending and descending 
colon were expediently removed. The anesthesia was accomplished 
in the manner used in the previously delineated standards (17) in 
order to make conditions as identical as possible. As light a stage 
of surgical anesthesia as possible was used. The segments were 
individually maintained in oxygenated Tyrode's solution in the 
constant-temperature muscle bath at 38' prior to their actual place- 
ment in the isolated muscle bath chambers. The Tyrode's solution 
contained sodium chloride 0.8 %, potassium chloride 0.02%, cal- 
cium chloride 0.02%, magnesium chloride 0.01 %, sodium bicar- 
bonate 0.1 %, sodium diphosphate 0.005 %, and glucose 0.1 % in 
glass-distilled water. 

Tyrode's solution (15 ml.) was used to bathe the segment in the 
isolated muscle bath chamber ; temperature was maintained at 
38" and the preparation was oxygenated using an air flow slowly 
(2-3 bubbles/sec.) bubbled through the solution. The segment was 
attached to two muscle hooks, one stationary and one connected 
to a lever and a transducer (E & M Isotonic Myograph) so that the 
segment was completely submerged in the Tyrode's solution. 

The intestinal activity was recorded on a physiograph (E & M). 
A timer was an integral part of the recorder and paper speed was 
0.05 cm./sec. The only constant tension placed upon the segment 
was that of the weight of the movable armature (2.2g.) and of the 
lever which in turn was centered on its fulcrum and raised only 
until the attachment uia muscle hooks was tight enough to transfer 
the segment's movements to the transducer and recorder. Minimal 
stretching on relaxation was attempted to best approximate normal 
conditions. 

The myograph had amplitude and calibration controls and all pen 
deflections were equilibrated to the standard pen deflection dis- 
placements. 

The segments were allowed to acclimate to the muscle bath 
environment as in the previous study. Acclimation was determined 
by consistency and/or rhythmicity of contractions and was accom- 
plished within 20 min. or the segment was replaced. The light ether 
anesthesia did not appear to adversely affect acclimation and it was 
known from previous studies that once acclimation had been ob- 
tained it would continue for at least an hour with no apparent 
change. The preparation appeared quite stable. 

Following acclimation, normal intestinal activity for the different 
intestinal segments was recorded. Six different rabbits were used to 

Table I-Summary of Averages and Standard Deviations of Measurements of Rabbit Intestinal 
Activity Obtained with 15 mg. 1,s-Dihydroxyanthraquinone 

Interval Between Amplitude 
Contractions, of Contractions, No. of 

Measurements Contractions/min. sec. mm. 

Duodenum 
Jejunum 
Ileum 
A. Colon 
D. Colon 

18 
18 _. 

18 
18 
18 

14.4 f 1.05 
1 2 . 4 4 ~  1.65 
9.8 f 2.04 
8.1 f 2.75" 
7.2 f 1.54 

1.9 f 0.3" 
2.5 f 0.4" 
3.2 f 0.6" 
4.5 f 2.9' 
4.4 f 0.9" 

0.73 f 0.36 
1.05 f 0.46" 

4.62 f 5.79 
1.51 f 1.63 

1.52 f 1 . 3 5 " ~ ~  

Significantly different from normal averages at p 0.05. Significantly different from 30-mg. dose average at p 0.05. 
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Table 11-Summary of Averages and Standard Deviations of Measurements of Rabbit Intestinal 
Activity Obtained with 30 mg. 1 &Dihydroxyanthraquinone 

Interval Between Amplitude 
No. of Contractions, of Contractions, 

Measurements Contractions/min. sec. mm. 

Duodenum 18 15.2 1 1.41 I . 9  =t 0.2O 2.84 f 1.92 
Jejunum 18 13.4 31 0.90 2 . 3  & 0.2' 2.87 f 2.44 
Ileum 18 1 0 . 3 1  1.10 2 . 7  i 1.0" 7.04 i 2.06h 
A. Colon 18 7 . 7  =I= 1.55a 3 . 5  =I= 0.90 0.18 & 0.13 
D. Colon 18 6.4 + 1.69 4.3 + 1.24 0.35 f 0.22 

0 Significantly different from normal averages at p 0.05. * Significantly different from 15-mg. dose average at p 0.05. 

provide six different samples of duodenum, jejunum, ileum, ascend- 
ing and descending colon for each of the two doses of the anthra- 
quinone. 

The anthraquinone was 1,X-dihydroxyanthraquinone (Matheson, 
Coleman & Bell, 0x1440). The drug was dissolved in Tyrode's 
solution so as to provide 0.1 and 0.2x  concentrations providing 
15 and 30 mg./15 ml. in the isolated muscle bath chamber, re- 
spectively, for the low and high doses. Larger quantities of the drug 
were limited due to its poor solubility and there was a lack of mea- 
surable effects at lower doses. 

After normal activity had been established and recorded, the 
surrounding Tyrode's solution was drained from the muscle 
chamber and quickly replaced with the drug containing Tyrode's 
solution at one dosage and the effects recorded for a minimum 
of 15 min. to provide recordings from which the three separate 
measurements on each parameter were made. This was done for 
each of the six different samples of the five different segments and 
was completely repeated at the second dosage for six different 
samples of the five different segments. 

From each recording of each individual gut segment, amplitude 
of contractions, interval between contractions, and contractions 
per minute were measured. This procedure was identical to that 
reported earlier so as to be able to detect any quantitative changes 
in the type of contraction due to changes in strength or force (17). 
Speed of contraction and relaxation could change with no change 
in frequency. Three separate measurements of the three parameters 
above were made on each tracing providing an average of the three 
for that particular parameter of that single gut segment. These 
averages were in turn averaged for the six samples of each individual 
gut segment providing 18 actual measurements for the averages of 
the three parameters. 

Standard deviations were calculated; analysis of variance with 
F test and Scheffe's S method tests were made between combina- 
tions of treated and control intestinal segments. 

RESULTS 

Table I summarizes the averages and standard deviations of the 
amplitude of contractions, interval between contractions, and 
contractions per minute obtained with the low dose (15 mg.) of 
1 &dihydroxyanthraquinone. 

Table I1 summarizes the averages and standard deviations of the 
amplitude of contractions, interval between contractions, and con- 
tractions per minute obtained with the high dose (30 mg.) of 1,8- 
di hydroxyanthraquinone. 

Table I11 summarizes the averages and standard deviations of the 
amplitude of contractions, interval between contractions, and con- 
tractions per minute obtained with the normal untreated intestinal 
segments. 

Of the 45 possible comparisons of the three parameters between 
drug-treated and normal averages, 15 were significantly different 
statistically at p 0.05. 

All ten comparisons of the interval between contractions between 
both drug treatments and normal averages were significantly 
different statistically at the same probability level. Only the ileum 
eerms ileum amplitude of contractions comparison between the 
15 and 30-mg. doses was significantly different at this level. The 
remaining four significant comparisons were jejunum rersus 
jejunum and ileum uersus ileum amplitude of contractions compari- 
sons between the 15-mg. doses and normal averages and the A. 
colon eersus A. colon contractions per minute comparisons between 
both drug treatments and normal averages. 

SUMMARY AND CONCLUSIONS 

Five different segments of the rabbit intestinal tract, duodenum, 
jejunum, ileum, ascending and descending colon, were utilized in 
recording the activity of these segments in response to 15 and 30-mg. 
doses of 1,X-dihydroxyanthraquinone using an in aitro isolated 
muscle bath technique. 

Contractions per minute, interval between contractions, and 
amplitude of contractions were recorded, determined, averaged, 
standard deviations calculated, and analysis of variance with F 
test and Scheffe's S Method tests performed on segment combina- 
tions between the drug-treated and normal segments. 

Of the 45 comparisons of the three parameters between drug- 
treated and normal averages, 15 were significantly different statis- 
tically at p 0.05 and included all comparisons of interval between 
contractions between both drug treatments and normal averages. 

No segment was consistently involved in all cases. Only the low 
dose cersus the normal averages for the jejunum and ileum compari- 
sons of amplitude of contractions were statistically different. No 
statistically significant difference could be obtained for effects on 
adjacent segments. 

Comparing the actual figures (averages) of the three parameters 
for the five segments of the high dose and the normal averages, 
5 /5  values for interval between contractions for the high dose were 
less than the normal figures and all showed statistically significant 
differences. 

Comparing the actual values of the three parameters for the five 
segments of the low dose and the normal averages, 5/5 values for 
interval between contractions for the low dose were less than the 
normal figures and showed again statistically significant differences. 

The results from this iiz uitro study and their statistical compari- 
sons show the parameter of interval between contractions to be a 
statistically significant measurement of activity. This is in contrast 
to the original observation indicating statistically significant differ- 

Table 111-Summary of Averages and Standard Deviations of Measurements of Normal, 
Untreated Rabbit Intestinal Activity 

~~~~~~~~ 

Interval Between 
No. of Contractions, 

Measurements Contractions/min. SeC. 

Amplitude of 
Contractions, 

mm. 

Duodenum 
Jejunum 
Ileum 
A. Colon 
D. Colon 

21 
21 
21 
15 
15 

16.7 f 1.68 
12.4 =k 2.31 
10.5 =k 1.27 
2.1 f 0.83 
4.3 =!= 1.68 

3.9 =k 0.1 
5 .0  =!c 1 . 5  
6 .2  2~ 1.1 

15.0 =!Z 8.2 
13.4 & 5.0 

2.56 f 2.50 
6.53 1 3.46 
9.17 d= 0.68 
i . 6 8  f 0.57 
3.91 =k 2.38 

___ ~~~ 
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ences for all comparisons of contractions per minute and its po- 
tential in intestinal studies (17). The effect upon interval between 
contractions could be explained on the basis of increased contrac- 
tions per minute along with the observed decrease in amplitude of 
contractions. This would partially agree with earlier statements in- 
dicating strength, force, or possibly tone, but not amplitude of the 
contractions was increased (5). 

Comparisons of activity between the high and low doses on the 
three parameters indicate that the high dose is more effective but 
with only the ileum comparisons of amplitude of contractions 
statistically significant and with no other segment specifically in- 
dicating a preferential effect. 
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Reactivity of the Hydroxyl Groups in Selected 
Derivatives of Lincomycin 

W. E. HAMLIN 

Abstract0 Reactivity of the hydroxyl groups in tris-2,3,4-0-tri- 
methylsilyl lincomycin [(TMS)p-L], lincomycin-2,7-diacetate. HCI 
(L-Ac!) and 7-O-trityl-3,4-O-anisylidene lincomycin (TAL) as 
measured by the rate of acylation with valeric anhydride at room 
temperature was found to be in the order of 3-OH > 2-OH > 
7-OH > 4-OH with estimated half-lives of 8, 32 and 160 min., and 
23 hr., respectively. Gas chromatographic procedures were utilized 
to monitor the acylation of (TMS)3-L and L-Ac?. In the latter 
reaction silylation was necessary for measurement of unreacted 
starting material and the intermediate monovalerate. The acylation 
of TAL was monitored polarimetrically. 

Kegphrases 0 Lincomycin derivatives-hydroxyl groups, re- 
activity 0 Acylation rate-lincomycin derivatives Polarimetry- 
reaction monitoring 0 GLC-reaction monitoring 

A consideration of a molecular model of lincomycin 
indicates that the steric and electronic environment of 
the hydroxyl groups at Positions 2, 3, 4, and 7 (Fig. 
1) would differ and produce differences in reactivity. A 
knowledge of the relative reactivity of these hydroxyl 
groups can be useful in the synthesis of lincomycin de- 
rivatives. In order to  obtain the desired information, 
the rates of acylation of tris-2,3,4-0-trimethylsilyl 
lincomycin, lincomycin-2,7-diacetate HCl, and 7-0-  

trityl-3,4-O-anisylidene lincomycin by valeric anhydride 
in pyridine were determined at room temperature. The 
acylating agent was used in such excess (20: 1 mole 
ratio) that a pseudo-first-order reaction would apply. 

EXPERIMENTAL 

Acylation of Tris-O-2,3,4-trimethylsilyl Lincomycin [(TMSh-LI- 
This was an adaptation of a procedure for preparing lincomycin-7- 
acylates (1). To a solution of 1.428 g. of (TMS)a-L (0.0025 mole) 
in 10 ml. of dry pyridine was added 9.31 g. (0.05 mole) of valeric 
anhydride (VA) at time zero. The solution was thoroughly mixed 
after adjusting to 25 ml. with dry pyridine and stored at room tem- 
perature. Sample aliquots (2 PI.) were removed by syringe and in- 
jected into the gas chromatograph at designated time intervals. 

CHx 
y 3  

Figure 1-Structure of lincomycin. 
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