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Various Factors affecting Intestinal Absorption of
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Various factors affecting the intestinal absorption of 1odochlorhydroxyqum I,
which is remarked in relation to SMON (subacute myelo-optico-neuropathy), were inves-
tigated. From urinary excretion data in rats, it was found that the excretion ratio to the
dose studied was larger in the case of the low dose, but it seemed that the sodium carboxy-
methyl cellulose (CMC-Na) effect was more effective for the high dose. And from plasma
concentration datainrats, the CMC-Na effect at the high dose was alsorecognized. Therefore
considering that the dose dependent effect of CMC-Na was due to that the endogeneous
suspending agent in digestive fluid, probably bile component, was enough to suspend I of the
low dose, but not of the high dose, the effect of bile on the absorption of I by the method of
bile or saline solution infusion into the duodenum of the bile fistnla rat was further investig-
ated. Theresult was that bile was more effective on the absorption than CMC-Na, and so
bile could be well regarded as the endogeneous suspending agent. But urinary data of man
showed that there were two types of man, sensitive and unsensitive for CMC-Na, and so its
effect was not so obvious,

Iodochlorhydroxyquin (chinoform, clioquinol or 5-chloro-7-iodo-8-quinolinol) (I) had been
used widely in Japan as an antimicrobia in an intestinal lumen before I was suspected to
cause SMON (subacute myelo-optico-neuropathy).®? Since then, I has been investigated by
many workers® from various standpoints, such as metabolism,-® distribution,!® neurology,**
epidemiology,!?-1 efc. From epidemiological studies, Tsubaki, ef al131% pointed out that
the increase of SMON occurrence in Japan closely corresponded to the increase of I production.
And Kanai et al.?® also pointed out that SMON began to occur after pharmaceutical products
of I which contained suspending agents were produced in Japan. Sodium carboxymethyl
cellulose (CMC-Na) or a surface active agent had been used as a suspending agent which was
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‘expected to help water insoluble I become wettable and suspendable in a gastrointestinal
tract. While I was already reported to be absorbed$-2% in spite of its very low solubility,
I has been further ascertained to be absorbed to a certain extent according to the study on I
concerning SMON. Accordmgly, the absorptlon tlme course and the availability of I, such
a very insoluble drug, and the effect of suspending agent on its absorptlon have been an inter-
esting problem in biopharmaceutics. The authors report in the present paper the effect of
CMC-Na, one of the suspending agents added to a commercial product, on the absorption of I,
using urinary and biliary excretion data after the oral administration in rat. Then, those
effects of dose and bile as the endogeneous suspending agent on the absorption of I were
further investigated. If necessary, plasma concentration data were also discussed.

Since it has‘been reported'?-29 that I is metabolized mainly to its glucuronide (I-G) and
sulfate (I~S) which are excreted in urine and bile, and that unmetabolized I (free form) and
other metabolites are of trace, the total excreted amount of the conjugates (I-G and I-S) was
used as the measure of the absorptmn in the present report

'Experlmental

Materials All-are same as described ‘previously,??) in so far as not otherwise provided. Aqueous
suspension of I with or without CMC-Na was prepared with sonication. The concentration of CMC-Na was
0.32% (w/v). ‘“Each 1 ml of both aqueous suspensions was administrated into a stomach directly with the
syringe attached a stainless steel tubing through a mouth in a'rat. The concentrations of I for the low oral
dose were 4.31 mg/ml and 3.98 mg/ml for CMC-Na aqueous suspension and pure aqueous suspension (con-
trol), respectively, as the result of the difference in the concentrations of I in suspension prepared with soni-
cation. The dilution to adjust the concentrations was avoided to prevent any change of dispersing states
in each suspension prepared. For the high oral dose, the concentrations were 15.3 mg/ml for CMC-Na aque-
ous suspension and 13.2 mg/ml for control. These doses were determined each time by the method described
previously.2)

Experimental Procedures i) Rat: Male albino rats of Donryu (280-—320 g) were used, which were
fasted overnight before oral administration. Collection of urine, bile and plasma was already mentioned in
detail.®» And as for sampling after 24 hr, foods as well as water could be taken ad libitum. The bile effect
on absorption of I were investigated with the following procedure The one rat was thrice cannulated, one
cannula in the bladder-and two cannulae in the bile duct. One of the two cannulae in the upper part of the
bile duct was used to collect bile, The other cannula was used to infuse fresh bile collected from another rat
at the constant rate of 0.8 ml/hr with the automatic infusion pump (Natsume Seisakusho Ltd., KN-I type)
into the'duodenum. After operation, the rat was placed in a restraining cage during recovery and experi-
mental periods, Then, after oral administration, urine and bile samples were collected. And in order to
exclude the bile effect, saline solution instead of bile was infused at the identical rate.

ii) 'Man: - In order to.compare with the case of rat as for the CMC-Na effect, 600 mg of I (usual dose in
a day, Japanese Pharmacopoeia: VIII) was pulverized in a motar with a pestle in the presence or absence of
120 inig'of CMC~Na and taken orally by five healthy male adult volunteers. Urine samples were collected
at‘an-appropriate time interval during 24 hr.” Food regulation for volunteers was same.as described previ-
ously.?) Two months after one type of preparations had been taken, the other type was taken by each volun-
teer as the cross-over test.  The order of the test was randomized. _

Determination The method used was the separate determination of conjugated and unmetabolized
I.  All procedures were also reported previously in detail.? .

Results and Discussion

Dose and Dosage Form Effects on Absorption of I in Rat from Urinary Excretion

a) Effect of CMC-Na——Fig. 1 shows the cumulative per cent of the:dose excreted in
urine after the oral administration of I for the low dose in aqueous suspension. Results were
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Fig. 1. Cumulative Curves of Urinary Excretion Fig. 2. Cumulative Curves of Urinary Excre-
Ratio after Oral Administration of Iodochlorhy- - tion Ratio after Oral Administration of
droxyquin (Low Dose) Aqueous Suspension in . Iodochlorhydroxyqum (High Dose) Aqueous
Rat Suspension in Rat

—@—: with CMC-Na ) —@—: with CMC-Na
dose: 4.81 mg dose: 15.3 mg
--(---: without CMC-Na (control) ---O---: without CMC-Na (control)
dose: 3.98 mg dose: 13.2 mg
Circles and vertical bars indicated the mean values and + Circles and vertical bars indicated the mean values and
standard deviations (+ $.D.) of cumulative per cent of the + standard deviations (+ $.D.) of cumulative per cent of
dose excreted as glucuronides and sulfates in 3 rats, respec- the dose excreted as glucuronides and sulfates in 3 rats,
tively. respectively.

expressed as the mean valuezstandard deviation (S.D.) of three runs. Although the suspen-
dability of I just before the administration was observed remarkably different for both suspen-
sions visually, excretion patterns were not so different each other.

The result for the high dose (about three and half times dose) was shown in Fig. 2. The
difference of excretion patterns between both dosage forms was observed clearly.

TasLe I. Cumulative Excretion Ratio to Dose until 72 hr after Oral Administration
of Todochlorhydroxyquin Aqueous Suspension in Rat

Low dose ' High dose
With CMC-Na2)  Without CMC—_Nab) kWiﬂ”l CMC-Na¢ Without CMC-Nad)
(%) (control) (%) .. . - (%) . ~ (control) (%)
G 1.0+0.6 2.9+0.8 2.8+1.1 2.6+1.6
S 29.1+6.7 26,04+6.6 19.7+1.9 14.24+0.9
T

30.1+4.1 28.9i6.3 : 22.5+2.3 16.8+£1.0

G: glucuromde S sulfate T: total (G+S)
") dose: 4.31 mg b) dose: 3.98 mg ¢) dose: 15.3 mg d) dose: 13 2mg
Results are expressed as the mean value +S.D. of 3 rats. .

The results above mentioned were summarized together in Table I. And these data
until 72 hr were discussed in this report. Consequently, I-S was excreted much more than
I-G as shown previously.?V In this case of the low dose, the cumulative per cent to the
dose excreted as I-G and I-S until 72 hr was 80.1+4.1% for CMC-Na suspension and was
28.9+4-6.3%, for control, respectively. And this difference was not of 59, level significance.
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But in the case of the high dose, the excretion as I-G and I-S to the dose was 22.5-+2.39, for
CMC-Na suspension and 16.8+1.09, for control, respectively. This difference was of 5%,
level significance.

b) Statistical Analysis for CMC-Na and Dose Effect——Since it was observed that CMC~Na
and dose affected the excretion pattern and ratio of I as seen in Fig. 1, 2 and Table I, the
cumulative per cent of the dose excreted until 72 hr was examined statistically to show it
clearly. Factors analyzed were the dose (low and high) and dosage form (with and without
CMC-Na). Each set of experiments contained three iterative runs, and the variance analysis
with two elements design was carried out. Consequently, only the difference between doses
was of 19, level significance. Although the difference between dosage forms was not significant,
it seemed likely that the effect of CMC-Na at the high dose was larger than at the low dose.

CMC-Na Effect on Absorption of I in Rat from Plasma Concentration

Plasma concentration curves until 24 hr after the oral administration of the high dose
in overnight fasted rats were shown in Fig. 3. In Fig. 3-a, b, three examples after the oral
administration of aqueous suspension with and without CMC-Na (control), respectively, were
described. As the scattering on the plasma concentration of each rat at each time was very
large, and therefore, it was difficult to discuss the mean value=+S.D. of three rats, in this
report the CMC-Na effect on absorption of I was discussed from the total plasma concentration
(free-+glucuronide-sulfate). Comparing the mean value in the area under concentration
until 24 hr of three rats in each dosage form, the ratio of CMC-Na aqueous suspension to
control was 1.73(=0.21)/1.00(=+0.11)=1.73.
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Fig, 3a,b. Plasma Concentration after Oral Administration of Todochlorhydroxyquin
Aqueous Suspension with and without CMC-Na in Rat

a: CMC-Na aqueous suspension $.0., dose=14.7 mg

b: aqueous suspension without CMC-Na (control) p.0., dose=14.4 mg

In botb cases, results are expressed as the total value of free, glucuronide and suifate in 3 rats, respectively.
‘Each symbol represents data obtained from separate rats.

On the other hand, comparing the cumulative per cent to the dose excreted in urine until
24 hr at the high dose above mentioned (in Fig. 2), the ratio was 17.2(+2.8)/11.1(=0.7)=1.55.
Consequently, the availability until 24 hr after oral administration in the rat at the high dose
was almost equally enhanced about 1.5 to 1.7 times by CMC-Na from the plasma concentration
and urinary excretion. However, at the low dose, the CMC-Na effect in the plasma concentra-
tion was not clear similarly with the urinary excretion. Thus, from the plasma concentration
and urinary excretion data, the CMC-Na effect on the availability of I was clearly observed
for the high dose, but the effect was vague for the low dose. And the comparative rapid
absorption in the case of the aqueous suspension without CMC-Na (control) was also observed
in the plasma concentration. The above-mentioned was probably explained with the specula-

NII-Electronic Library Service



No. 11 2607

tion that there were sufficient endogeneous or biological suspending agents, probably bile
components, to suspend a small amount of I, however that these agents were not sufficient
for the high dose and added CMC-Na was helpful.

CMC-Na Effect on Absorption of I in Man from Urinary Excretion

The cumulative per cent of the dose excreted in urine until 24 hr was shown for each
volunteer in Table II. I-G was excreted mainly and the excretion of I-S and unmetabolized
I was of trace (less than 19). And so total urinary excretion ratio was able to be regarded
as that of I-G. The excretion ratio was rather scattered among volunteers. CMC-Na

Tasie II. Effect of CM-CNa on. Cumulative Urinary Excretion of Iodochlorhydroxyquin
Metabolites (Glucuronide-Sulfate) until 24 hr after Oral Administration in Man

Cumulative 9%, of dose excreted

!

S, Dose:
Subject Sex };iir? Boiig‘)}v ¢ Todochlorhydroxy- Iodoclgc?:ﬁirdroxy-
quin 600 mg+-
CMC-Na 120mg ~ 4uin 600 mg
%) 6
(H) M 2 67 31.1 16.1
(X) M 25 55 15.0 7.3
(F) M 33 75 8.6 6.9
(A) M 39 72 10.7 12.2
@D M 27 67 16.3 18.2

increased the ratio about two times for volunteer H and K, but it hardly affected the ratio
for volunteer F, A, and J. Accordingly, it can be likely said that it is difficult to conclude
whether CMC-Na affected the absorption of I in man, or whether there were two types of man,
sensitive and unsensitive for CMC-Na, from their urine data for such a limited number of
volunteers and a limited dose. At present, a study with a large number of subjects or the
higher dose is difficult because of the I toxicity of inducing SMON.

Absorption Region

The gastric absorption of I in pyrolous-ligated fasted rats was studied. From the plasma
concentration after oral administration of I, the gastric absorption was found to be very
small or of trace. Considering these data, it was shown that I was hardly absorbed in the
stomach but probably absorbed mainly in the intestine.

Bile and CMC-Na Effects on Intestinal Absorption from Biliary and Urinary Excretion

In this report, it was already speculated that the endogeneous suspending agents, probably
bile components, had an important effect on the absorption of I, and therefore in this section,
the bile effect on the absorption of I in the intestine, which was regarded as the main absorption
region of I, was chiefly investigated.

As shown in the experimental part and Table III, the following four experimental systems
in rats were designed.

Tasre IIT. Experimental System for Investigating Bile and CMC-Na Effects
on Intestinal Absorption of Iodochlorhydroxyquin

Infused solution Oral dosage form
A bile CMC-Na aqueous suspension
B bile aqueous suspension
C saline solution CMC-Na aqueous suspension
D saline solution aqueous suspension
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" Results for these cases (A, B, C, D) were shown respectively in Fig. 4. In all cases, the
excreted amount of I-G in bile was much greater than I-S or I-G in urine after oral administra-
tion, but I-S in bile was negligibly small as shown previously.? In urine, I-S was greater
than I-G as in the previous report,2? and unmetabolized I excretion was of trace in both bile
and urine. Furthermore, the total biliary and urinary excretion in A with both bile and
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Fig. 4. Cumulative Urinary and Biliary Excretion Ratio of Iodochlorhydroxyquin
Glucuronide and Sulfate during Bile or Saline Solution Infusion into the Duo-
denum after Oral Administration of aqueous Suspension with or without CMC-Na
in Rat

A: with CMC-Na, dose=15.5 mg, bile infusion
B: without CMC-Na, dose=14.0 mg, bile infusion
C: with CMC=-Na, dose=15.0 mg, saline:solution infusion
- D: without CMC-Na, dose=13.2 mg, saline solution infusion
—@—: glucuronide in urine
-~-(D---: sulfate in urine
—A—: glucuronide in bile
Results expressed the mean value and S.D. in each direction by vertical bars of 3 rats

CMC-Na to be suspending agents was much greater than D without them. D also showed
slight delay for excretion. On the other hand, B and C without either bile or CMC-Na,
showed the intermediate types of A and D. Moreover, although the excretion still continued
after 24 hr in all cases, the excretion ratio until 24 hr was discussed here, because the control
of these experimental conditions for a long time was much more difficult than the experiment
described previously. The results above mentioned were listed together in Table IV. Compar-
ing the total excretion ratio to the dose of biliary and urinary excretion in 24 hr, the order
of the experimental system A>B>C>D was observed. ~And it seemed that their differences
were derived mainly from the biliary excretion of I-G since the total urinary excretion ratio
was hardly different in all systems.
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TasLE IV. Total Urinary and Biliary Excretion Ratio of Iodochlorhydroxyquin-
Glucuronide and Sulfate until 24 hr during Bile or Saline Solution Infusion
into the Duodenum after Oral Administration of aqueous

Suspension with.or without CMC~Na in Rat .. -

. Urine Bile  Urine+Bile
Infused solution Oral dosage form Glucuronide  Sulfate Glucugonide T?)tal
RN )] % ©e)
A bile CMC-Na aq. suspension  2.0+0.8  10.9+2.1 55.0+6.2  68.0+ 8.0
B bile aq. suspension S 2.1+1.4  11.3+2.3  43.245.6 56.6% 9.0
C saline solution CMC-~Na aq. suspension  4.3+2.1 9.4+£2.1  29.7+6.2 = 43.3%£10.3
D saline solutioh aqg. suspension 2.4+2.2 9.4+5.1 ,18.7+2.4 . 30.5+ 5.6

total: glucuronidesulfate in bile and urine
dose: 15.5, 14.0, 15,0, 13.2 mg in experimental system A, B, C, and D, respectively-
Results are expressed as the mean value S.D. of 3 rats.

The cumulative per cent of the dose excreted in urine and bile until 24 hr, however, was
examined statistically. Factors analyzed were the infused solution (bile or saline solution) and
the oral dosage form (aqueous suspension with or without CMC-Na). Each set of experiments
contained three iterative runs, and the variance with two elements design was carried out in
the same way as the previous statistical analysis for the CMC-Na and dose effect. Consequently,
only the factor for the infused solution was of 1%, level s1gn1ﬁcance On the other hand, the
difference between dosage forms was not significant. : : -

Conclusmn on Bile and CMC-Na Effects

The conclusions on the experimental system A to D were as follows (1) It was shown
that the excretion ratio until 24 hr was I-G in bile>>I-S in urine>I-G in urine (Fig. 4). (2)
So-far as the mean value of the total biliary and urinary excretion ratio showed, the order
of the excretion was A>B>C>D and it was observed that bile had.a larger effect on the
intestinal absorption of I than CMC-Na. And therefore, bile was admitted to be a powerful
endogeneous suspending agent (Table IV). (3) As a result of the statistical analysis for the
CMC-Na and bile effect on the total urinary and biliary excretion ratio, only the bile effect
was significant. , '

Of course, these experimental conditions were entirely different from the case of the
normal rat concerning that bile was collected with bile fistula and the same volume as collected
was made up by infusing another rat bile into the duodenum. Namely, the role of the entero-
hepatic circulation of bile acids and I could not be understood in these experiments. However,
from the fact that the CMC-Na effect on the urinary excretion was not shown statistically
in these experimental systems differently from the previous result in the rats without bile
fistula for the same dose in this paper but that the effect on the biliary excretion was of 109,
level significance, the role of enterohepatic circulation seemed very important.

Moreover, although saline solution infusion to exclude the bile effect had possibilities of
changing the mtestmal motion and absorptlon of water, these points were yet unknown at
present.

Actual effects of bile could be regarded as dlspersmn and solublhzatlon of 1 W1th bile
acids. Since bile contains lecithin as well as various bile acids, the relationship between
intestinal absorption and solubilization of I by means of both bile acids and lecithin is under
investigation at present.
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