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A phenolic antioxidant 4-methyl-2,6-di-tert-butylphenol (ionol) has been proved to be
an effective tissue (membrane) protector in various pathological states, and the sphere of
its use is continually expanding [1-7]. The most promising method of its administration in
medical practice is the peroral route. Meanwhile, the effect of ionol on the intestinal
mucosa has not been studied.

This paper gives the results of a study of the action of ionol on the transport and bar-
rier properties of the epithelium of the small intestine in rats under normal conditions and
after temporary ischemia. TIonol was found to increase absorption in the normal intestine,
to prevent a sudden increase in permeability and cell loss induced by ischemia, and also to
increase the survival rate of the animals in the postischemic period.

EXPERTHMENTAL METHOD

Experiments were carried out on noninbred male albino rats weighing 200-250 g. The bar-
rier properties of the mucosa were assessed by determining the transepithelial resistance
(R), the relative ionic permeability (Py,/Pc1), and the resistance of the epithelial lining
to induced cell loss (ICL). The value of R was determined by passing dc pulses with a density
of under 50 pA/cm®, the values of Pyg/c1 was calculated from the results of measurement of
the transepithelial diffusion potential (E) by the equation for & steady field. The resis-
tance of the epithelial lining to ICL was considered to be inversely proportional to the num~
ber of single enterocytes (N) isolated from tissue exposed under standard conditions to a
flow of fluid directed tangentially to the surface of the intestinal tube. The transport
properties were assessed from the short-circuiting current (SCC), which is proportional to
the velocity of active Na transport — the chief type of transport activity of the intestinal
epithelium. All measurements were made on the same part of the small intestine, which was
separated every time 15 cm away from the ileocecal angle. The time from sacrifice of the ani-
mals to the beginning of the measurements was constant at 20 nin. Methods of measuring R,
Py~/Pcis SCC, and ICL were described previously [6, 8]. Total ischemia was produced by tem-
porary ligation of the vessels of the small intestine [6]. After the specified time the lig-
atures were removed and the abdominal wall closed by a continuous suture. In all the experi-
ments ionol was used in a dose of 240 mg/kg body weight. Control rats received the solvent —
0.01 ml of Tween-80 in 0.5ml distilled water — by intraperitoneal injection or 0.5 ml of veg-
etable o0il for intragastric administration. The results were subjected to statistical analy-
sis by the use of the Wilcoxon—ilann—Whitney nonparametric sign tests, Fisher's accurate method,
and Student's test.

EXPERTIIENTAL RESULTS

Values of the selected parameters in the control and experiment 1 h after administration
of ionol by gastric tube are given in Table 1. An appreciable drop in R, i.e., an increase
in permeability of the epithelium, and a sharp rise in SCC, due to stimulation of active Na
transport, indicate an increase in absorption. The value of Py,/¢] corresponding to the mean
control value of E = 5 wV, was 2.0, After administration of ionol the relative ionic perme-
ability increased to 2.7, but this difference from the control was not statistically signifi-
cant. Ionol also had virtually no effect on ICL.
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TABLE 1. Effect of Ionol on Transport and
Barrier Properties of Epithelium of Intact
Rat Small Intestine (M + m)

Experhnept-*ad-
Parameter Control ministration of
ionol
R, Qccm® 61,2%3,8 49,3=3,0%
E mV 5,020,7 7,2*=1,3
SCC uA/cm 22,6%+2,1 42,424 7%
ICL, percent 100=11,3 131=8,5
ngggé; Number of experiments was 12, #P <

0,05 cornared with control.

TABLE 2. Effect of Preliminary Intragastric Administration of Ionol on Changes in
Transport and Barrier Properties of Small Intestine after Total Ischemia for 50 min

M+ m)
Parameter Control Ischemia Ionol + ischemia
R, 0 ecm’ 61,5%6,3 (20) 33,34,0 (18)** 0,8=6,3 (18)***
E, mV 7,5=0.5 (16) —2,3:£0,1 (11)** 0,97:0,2 (12)+***
SCC, pA/cm? 92.0=2,0 (20) 4914 (18)* 2,8=2.1 (17)**+
ICL, percent 100=6,9 (18) 628+=52,1 (15)* 390 826,8 (18)**
Legend. Number of experiments shown in parentheses. %P < 0.001, #*P < 0.01 com—
pared with control; *#%%P < 0,01, ****P < (0,001 compared with ischemia.

Ischemia of the small intestine for 50 nin induced a sharp decrease in R, Py,/Pci, and
SCC and in increase in ICL (Table 2). The value of E under these circumstances changed its
sign, i.e., the epithelium became anion-selective. Intragastric administration of ionol 1 h
before intestinal ischemia had a marked protective action.

Disturbance of the transport and barrier properties of the small intestine during its
ichemia was probably the main cause of the complications in the postischemic period. The de-
gree of these disturbances was proportional to the duration of ischemic injury [6, 8]. Sub-
stances helping to preserve the integrity of the epithelial lining and preventing an increase
in its permeability can abolish some complications of the postischemic period and, in partic-
ular, they can increase the survival rate of the animals. To verify this hypothesis, the ef-
fect of ionol on the survival rate of the rats after temporary total ischemia of the small
intestine was studied. After ischemia for 50 min this was impossible, for under those cir-
cumstances about 90% of the animals survived. However, when the duration of ischemia was in-
creased to 75 min the mortality rose to 90%. The animals died during the first two days af-
ter the operation. Ionol was shown to cause a real increase in the survival rate and the max~
imal effect was observed after intragastric administration of the compound 1 h before ischemia
(Table 3).

Previously ionol was found to have the ability to protect the gastric mucosa against the
formation of stress ulcers [3], to protect membranes of the sarcoplasmic reticulum and lysosomes
of the limb muscles and membranes of the endoplasmic reticulum of the liver against ischemic
and reoxygenation injuries, and also to increase the survival rate of animals after ischemic
damage to the kidney and liver [1-3]. 1In the present investigation the corresponding property
of ionol was discovered in relation to ischemic damage to the small intestine. However, in-
traperitoneal injection which, according to data in the literature [2], is more effective
than intragastric administration, proved to be much less effective, on the other hand, in the
present experiments.

The results are thus evidence that even comparatively high doses of ionol, given by gas-
tric tube, have no harmful action on the epithelial lining of the small intestine. Moreover,
this antioxidant can increase absorption and prevent disturbance of the transport and barrier
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properties of the mucosa induced by ischemia.

TABLE 3.

Effect of Preliminary Administra-

tion of Ionol on Survival of Animals after
Total Ischemia of the Small Intestine for

75 Min
Number of animals dying during
Mode of admin- first day after ischemia, percent
istration . . ionol +
ischemia ischemia e
Intraperitoneally 2 h
befere. ischemia 90 (18 of 20) | 75 (12 of 16)
By gastric tube
2 h before ischemia|90 (8 of 10) {70 (7 of 10)
1 h before ischemia| 86 (6 of7) [22 (2 of 9) <<0,05

This last effect of ionol is evidently largely

responsible for the increase in the survival rate of the animals in the postischemic period.
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