
101 International Jourrzalof Phorrnaceutics. 2 (1979) 101- t 11 
0 Etsevier/Nort~--Iiolland Eiomcdical Press 

IMPROVEMENT OF ACOLYTE BIOAVA~LABIL~~ OF NORMALLY POORLY 
ABSORBED DRUGS: INDUCEMENT OF THE INTESTINAL AIWORPTION OF 
STREFTOMYCIN AND GENTAMYCIN BY LIPID-BILE SALT MIXED MICELLES 
IN RAT AND RABBIT 

(Received May I st, 1978) 
(Accepted June 7th. 1978) 

SUMMARY 

The effect of lipid-bile salt mixed mice&s on the intestinal absorption of strepto-
mycin and gentamycin was investigated in the loop of small and large intestine of rat. 
While bile salts micellar solutions did not enhance the absorption of aminoglycosides, 
their mixed micellar solutions includ~g mo~oolein, oleic or lauric acid markedly 
enhanced their absorption. However, lecithin-bile salt mixed micellar solution did not 
affect the absorption. Pretreatment with mixed micellar solutions showed neither a direct 
action on the mucosal membrane nor a transient increase in permeability to aminogiyco-
sides. 

Improvement of bioavailability in the rabbit was evaluated using va.tious formulations 
and different routes of administration. In the rectal administration, not only mixed 
micelhr solutions but also lyop~~ized mixed micelles powder improved bioavailabi~~. 
The duodenal administration of mixed micellar solution, however, was not effective, 
indicating that enhanced absorption of drugs by mixed micelles may be more pronounced 
with rectal administration. 

INTRODUCTION 

Administration of very poorly absorbable drugs which are water-soluble has been 
limited mostly to parenteral route. Some of them (gentamycin, cefazolin, etc.) have been 
administered by intramuscular injection. Some reports showed a causal relationship 
between quadriceps ~ontracture and intr~uscular injection (Gunn, 1964; Saunders et 
al., 19651, and also in Japan frequent injections caused muscular atrophy (Moritani, 
1977). To avoid the risk and inconvenience of frequent injections, it is highly desirable to 
render them absorbable from the intestine so that they can be administered orally or 
rectally. 

It is well known that ingested fats, mainly triglycetides of long-chain fatty acid, are 
emulusified in the gut luman and subsequently hydrulyb.tFT*d by pancreatic lipase to water- 



insoluble rn~o~y~~de and fatty acid. These insoluble products are solubi~ed by bile 
salts, which form water-soluble ‘mixed micelles’ and are easily absorbed (Carey et al., 
1970; lisselbachea and Ockner, 1974; Dietschy and Westergaard, 1976). Also, it has been 
demonstrated that the absorption of a macromolecular substance, heparin, may be 
increased by the addition of mcnroolein mixed micelles (Muranishi et al., 1977). 

In the present investigation, streptomycin and gentamycin were chosen as poorly 
absorbable small mdeeular drugs. These aminoglycosides are ordinarily not absorbed 
from the gastrointestiml tract to any significant degree, and when parenterally adminis- 
tered, the total urinary excretions are about 85% of administered gentamyein in 24 h and 
about 65% of administered streptomycin in 12 h (Regamey et al. 1973; Adcock. and 
Hittig, 1946). Any increatt in absorption of these almost totally unabsorbed drugs would 
thereforebe easier to demonstrate and be of greater practical interest than the enhanced 
absorption of an already well-absorbed drug. 

The present work was undertaken in order to induce the absorption of the amino- 
glycosides in the presence of mixed micellar solutions, 

MATERIAL?3 AND METJdODS 

~U~reriafs. Streptomycin sulfate and gentamycin sulfate were supplied from Takeda 
C&&al Pndustties and Shionogi Co. respectively. Monoolein of high purity grade 
(Nikko Chemical) was used. Sodium glycocholate and sodium tauro~o~ate were syn- 
thesHed accordhtg to the method of Nolan (Norman, 1955). The purity of both bile 
salts was checked by thin layer ~~omato~aphy and infraresi spectroscopy. All other 
chticals were of reagents grade. 

&~JUE&~FZ of t-f suhtions. Mixed micellar sohrtions were prepared by dissolving 
lipid in pH 65. isotonic phosphate buffer containing bile salt iL\nd drug. A clear solution 
was obtained upon sonicating the mixture at 37°C for 3 mrr with Ohtake sonicator 
model5202. 

Rqr&~n of ly@zirized nziwer;TmiceZ’ze powder_ Drug was dissolved in 160 m.M 
mixed micellar solution prepared with distilled water. The sohrtion was lyop~~ed with 
ATM0VAC freeze dryer No. SO03 and kept in desiccator, 

Boce&re of tif situ absorprion experimenr. Male Wistar albino rats weighing 200- 
250 g were anesthetized with intraperitoneal pentobarbital sodium, 8 mg/200 g body 
weight. The intestine was exposed through midline incision, then a closed loop of the 
entire small or large intestine was prepared by ligation at proximal and distal ends. The 
bile duct was not ligated. The test solution was introduced into the intestinal loop in the 
volume af 4 ml to the small intestine or 2 ml to the large intestine per 200 g body weight. 

Retreatment experiment witb mixed micellar solutiorr was performed according to the 
folluwIng procedure. The mixed micellar solution, not containing drug, was first intro- 
duced into the loop. After 1 h pretreatment the entire soluticm in the intestine was forced 
out by the aid of syringe air followed with saline. At’ter this procedure, drug dissolved in 
pH 6.5 isotonic buffer solution was infused into the loop as usual experiment. 
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Fig. 1. The implements for rectal administration to rabbit. These were tied to the loins of rabbit with 
string during the experiment. 

l?wcedure of in vivo ahsorption experimem. Male rabbits weighing 2-2.5 kg were 
used in the cross-over experiment to compare the bioavailabilities following the intestinal 
administration of various formulations. For the duodenal administration a catheter was 
introduced into the duodenum through the stomach and the test solution containing 
gentamycin was instilled in the volume of 10 ml/Z,5 kg body weight. Rectal administra-
tion was done by the aid of implements made of syringe and rubber, etc., as shown in 
Fig. 1, The drug solutions were instilled through the injection needle in a volume of 5 ml/ 
2.5 kg as depicted in Fig. 1A. Lyophilized mixed micelb posvders were administered into 
the rectum through the syringe as represented in Fig. 1B. After administration blood 
samples were collected from ear vein and plasma concentration was determined. 

Analyticd methai. The antimicrobial activities of aminaglycosides in plasma were 
determined by the disc plate method using S~ciZZus subtills PCI 2 19 as the test organism. 

RESULTS 

The following mixed micelle adjuvants were selected in this study to promote the 
absorption of aminoglycosides: sodium glycocholate (XI-GC) or sodium taurocholate 
(Na-TC) as surfactant, and monoolein, oleic acid, fauric acid or lecithin as lipid. Plasma 
concentration-time profile of streptomycin after administrar\ion to the small and large 
intestinal loop is shown in Fig. 2. Administered doses were 8 mg and 4 mg to the small 
and large intestine respectively per 200 g body weight. The plasma peak is seen at 2-3 h 
after the administration of 40 mM monoolein-taurocholic acid mixed micellar solution 
to the small intestine and at 15 min after the administration of 10 mM mixed micellar 
solution to the large intestine, Therefore, plasma concentrations 1 h (increasing portion) 
and 15 min after administration to the small and large intestine respectively were chosen 
to compare various formulations. 

The effect of the concentrations of taurocholic acid and monoolein on the absorption 
of streptomycin is shown in Fig. 3. An enhancement of absorption to effective degree 



Fig. 2. Plasma concentration-time profile of streptomycin after administration to the small and large 
intestinal loop. Streptomycin was administered to the small intestine as 40 mM mix.ed micellar solu-
tion in the dose of 8 md200 g body weight and to the large intestine as 10 mM mixed micellar solu- 
tion in the dose of 4 mg/200 g body weight. Each value is the mean f S.E.M. for 4 animals. o, large 
intestine; � , small intestine. 

occurred above 40 mM and 10 mM in the small and large intestine respectively. There-
fore, the absorption experiments below were performed using 40 mM and 10 mM mixed 
micellar solution to the small and large intestine respectively. 

Table 1 shows 1 h plasma concentration of streptomycin after administration to the 
small intestine in variou; formulations. Plasma concentration was negligible with no 
adjuvant in buffer solution and a smali increase of plasma concentration was seen in the 
case of 40 mM bile salt micellar solution. But a signSkant increase in the 1 11 sample was 
elicited after administration of 40 mM lipid-bile salt mixed micellar solutions except 

COKEMTRATECU OF tWED RICELES ( m ) 

Fig. 3. Effect of the concentrations of taurocholic acid ;and monoolein on the absory.tion of strepto- 
mycin. The plots are I h and 15 rnin plasma concentrations after administration to the small and large 
intestine respectively. Administered dose is the same as Fig. 2. Each value is the mean f S.E.M. for 
4 animals. 0, large intestine; 0, small intestine. 



TABLE 1 

PLASMA CONCENTRATION GF STREPTOMYCIN AT 1 H AFTER ADMINISTRATION 01: 
VARIOUS FORMULATIONS INTO THE SMALL INTESTINE 

Composition a fig/ml f S.E.M. b (1 h) 

None Cl.5 (5) c 
40 mM NaCC 3.8+- 0.2 (41 
40 mM Na-TC 3.8+ 0.2 (51 
40 mM NaGC + 40 mM monoobin 9.8+ 0.3 (4) 
40 mM Na-TC + 40 mM monoolein 11.6 + 0.6 (4) 
40 mM Na-GC + 40 mM oleic acid 17.6 + 0.5 (6) 
40 mM Na-TC + 40 mM oleic acid 11.9* 1.6 (71 
40 mM Na-GC + 40 mM lauric acid 11.7 + 2.7 (41 
20 mM Na-TC + 40 mM monoolein 2.4 + 0.3 (51 
30 mM Na-TC + 40 mM monoobin 2.5 * 0.3 (5) 
40 mM NaGC + 40 mM lecithin Cl.5 (31 

-

a All formulations were prepared in pH 6.5 isotonic phosphate buffer. Administered dose of strep- 
tomycin was 8 mg/200 g rat. 

b Figures represent the mean f: standard errors. 
’ Figures in parentheses refer to the number of animals. 

when lecithin was used as lipid. The mixed micellar solutions gave 3 times higher plasma 
concentration than the micellar solutions. When concentration of bile salt was decreased 
to 20 or 30 mM, the enhancing effect of mixed micellar solution almost disappeared. 

Table 2 shows the 1 h plasma concentration of gentamycin after small intestinal 
administrations at a dose of 4 mg/200 g body weight. A similar increase of plasma con- 
centration to that of streptomycin by 40 mM micellar and mixed micellar solution shown 
in Table 1 was observed. 

The effect of mixed micelles on the absorption of aminoglycosides in the large 
intestine including the rectum was also examined. Administered doses were 4 mg for 
streptomycin and 2 mg for gentamycin per 200 g body weight. As shown in Table 3, they 
were not absorbed from buffer solution and there was no increase of plasma concentra- 

TABLE 2 

PLASMA CONCENTRATION OF GENTAMYCIN AFTER ADMINISTRATION TO THE SMALL 
INTESTINE 

Administered dose of gentamycin was 4 mg/ZOO g rat. 

Composition Ctg/ml * S.E.M. (1 h) 

None 1.2+- 0.1 14) 
40 mM Na-GC 4.7 f 0.8 (4) 
40 mM NaGC + 40 mM monoolein 8.4 + 0.6 (51 
40 mM NaCC + 40 mM oleic acid 8.9 * 1.4 (4) 
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TABLE 3 

PLASMA CONCENTRATION OF AMINOGLYCOSIDES AFTER ADMINISTRATION TO TilE 
LARGE INTESTINE 

Administered doses were 4 mg for streptomycing and 2 mg for gentamycin per 200 g rat respectively. 

Composition pg/ml ± S.E.M. (15 min) 

Streptomycin None <1.5 (4) 
10 mM Na-GC <1.5 (4) 
10 mM Na-GC + 10 mM oleic acid 14.9 ± 1.1 (4) 

Gentamydn None 0.4 ± 0.0 (4) 
10 mM Na-GC 0.4:t 0.0 (4) 
10 mM Na-GC + 10 mM monoolein 11.5 ± 0.7 (4) 

tion after administration of 10 mM bile salt micellar solution. But a significant enhance­
ment in the 15 min concentration was observed after administration of 10 mM oleic 
acid- or monoolein-bile salt mixed micellar solution. Although the concentrations of 
bile salt and lipid were a quarter of those in the small intestine, the enhancement of 
absorption was clearly elicited. 

Pretreatment experiment with mixed micellar solution 
To observe the permeability change by mixed micelles, several pretreatments with 

mixed micellar solutions were performed. Plasma concentrations of aminoglycosides after 
1 h pretreatment in the small or large intestine are shown in Table 4. It is noted that none of 
the pretreatments resulted in an increase of plasma concentration. Therefore, it is sug­
gested that the enhancement of absorption may not be caused by mucosal damage, and 
even if the mucosal permeability was accelerated the effect would not last longer. 

TABLE 4 

EFFECI' OF PRETREATMENT WITH MIXED MICELLAR SOLUTIONS ON THE ABSORPTION 
OF AMINOGLYCOSIDES FROM THE INTESTINE 

After 1 h pretreatment with mixed micellar solution, pH 6.5 buffer, solution containing drug was 
administered. Administered doses were 8 mg for streptomycin and 2 mg for gentamycin per 200 g rat 
respectively. 

Composition of pretreatment solution J,lg/ml ± S.E.M. 

Small intestine Streptomycin (1 h) 

None <1.5 (5) 

40 mM Na-TC + 40 mM monoolein <1.5 (4) 

40 mM Na-GC + 40 mM oleic acid <1.5 (4) 

Large intestine Gentamycin (15 min) 
None 0.4 ± 0.0 (4) 
10 mM Na-GC + 10 mM monoolein 0.4:t 0.1 (4) 
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Fig. 4. CompariSOn of gentamYCin absorption from the mixed mice&u solution between closed and 
distal-free !oop of the duodenum. Administered dose of gentamycin was 4 mgf200 g; rat. Each value 
is the mean i: S.E.M. for 4 animals. o, closed loop of duodenum; 0, $&d-free of duodenum. 

Compurison of gentumycin absorption between closed Coup and distal-free loop of rat 
d~~e~~rn 

Since the closed loop in the above experiments was p:repared by ligation at the proxi- 
mal and distal ends of the small intestine, the test solutiiw did not move. ‘In the physiol- 
ogical state, however, there is ordinary transit in the gastrointestinal tract. Therefore the 
absorption of gentamycin from closed loop and distal-free loop was compared. 

Gentamycin, 4 mg/200 g body weight of rat, was administered as 40 mNI monoolein- 
taurocholic acid mixed micellar solution into the closed loop of the duodenum or the 
distal-free duodenum in the volume of 1 ml. Plasma concentration in the case of distal- 
free loop was about one-half lower than that of closed loop as shown in Fig. 4. It is sug- 
gested that the enhancement effect in the small intestine by mixed micelles in vivo would 
be smaller than expected from the closed loop experiment, because the solution intro-
duced moves through the intestinaf tract in vivo. 

Effect of mixed micelles and &heir ~yu~~i~ized powder in ~ivo on the abso~t~~n of 
gen tamycin in rabbit 

In order to know whether mixed micelles increase the intestinal absorption of amino- 
glycoside in rabbit as in rat, gentamycin was administered in vivo to rabbit with mono-
olein-taurocholic acid mixed micelIes. Gentamycing 10 m&L5 kg body weight was 
administered intravenously and plasma concentration measured periodically to obtain 
standard AUC. Gentamycin was administered in the dose of 30 mg/2.5 kg body weight 
into the duodenum or the rectum in cross over f&&ion. 

Fig. 5 shows plasma concentration of gentamycin after intravenous injection and 
duodenal ins~ation. After intravenous injection plasma concentration was decreased 
monoexponentially. Duodenal instillation of 10 ml of 40 mM mixed micellar solution did 
not :show remarkable increase in plasma concentration. The control experiment which is 
duodenal instillation of its buffer solution showed only a little absorption, although it 
was not shown in the figure. 

Plasma concentration after the rectal administration of 5 ml of 10 mM or 20 mM 
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Fig. 5. Plasma concentration of gentasnycin after intravenous injection and duodenal instillation. Each 
value is the mean +_ S.E.M. for 3-6 animals. 0, intravenous injection, gentamycin 10 mg/2.5 kg; 0, 
duodenal instillation, gentamycki 30 mg/2.5 kg as 40 mM mixed micellar solution. 

mixed micellar solution is snown in Fig. 6. Contrary to the duodenal instillation, plasma 
concentration was markedly increased with increase of mixed micelles concentration, and 
their peaks of plasma concentration were already present within 15-30 min after 
administration. 

For the pharmaceutical application of mixed micelles, we tried to dry these solutions 
to make powder by lyophilization. The white fine powder obtained could be easily 
dispersed in buffer solution.. The results obtained from administration of the powder are 
shown together in Fig. 6. The administered dose of gentamycin was 15 mg/2.5 kg body 
*veigbt, one-half of the above dose, and the amount of lyophilized mixed micelles corre-

20-1 T 
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Fig. 6. Hasma concentration of gentamycin after rectal administration. Each value is the mean * 
S.E.M. for 3 animals. Rectal instillation: o, gentamycin 30 mg/2.5 kg rabbit as 10 mM mixed micellar 
solution; 0, gentamiycin 30 mg/2.5 kg rabbit as 20 mM mixed mice&u solution. Rectal insertion: 0, 
gentamycin 15 mg/2.5 kg rabbit with powdered mixed micelles, 
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TABLE 5 

BLOAVAILABIX.ITY OF GENTAMYCIN IN VARIOUS PREPARATIONS AND ROUTES OF AD-
M~NIS~AT~ON 

Preparation Bioavaiiability (% f S.E.M.) from AllJC 

Intravenous injection 100 
Duodenal instillation 

None 4.1 f 1.6 (31 
40 mN mixed mice&u solution 6.8 f 0.5 (3) 

Rectal instillation 
None 0.1 -+ 0.1 (3) 
10 mM mixed miceilar solution 18.4 f 3.4 (3) 
20 mM mixed micellar solution 44.6 * 4.9 (3) 

Rectal insertion 
Powdered mixed micelles 58.1 * 8.2 (3) 

spends to that of 5 ml of 10 mM mixed micellar solution. Results with this powder showed 
the most increased plasma concentration of gentamycin. 

The area under the curve of plasma concentration (AUC) was determined by trape- 
zoidal appro~mation to extrapolate to infinity. Results of the bioava~ab~ty with AUC 
of intravenous injection as 100% are summarized in Table 5. Rectal administration of 
mixed micellar solution potentiated the absorption of gentamycin much more than the 
duodenal instillation, and the absolute bioavailability of rectal administration as 20 mM 
mixed micellar solution reached about 45%. Such enhancement of absorption was more 
pronounced in the case of lyophilized mixed micelles which indicated about 33% bio- 
av~ab~ity of the ~~o~y~o~de. 

DISCUSSION 

It has been recognized that bile salts are essential substances in the absorption of lipids 
(Isselbacher and Ockner, 1974; Dietschy and Westergaard, 1976)_ The effect of bile salts 
on drug absorption has been investigated (Cibaldi, 1970; Gibaldi and Feldman, 1970a, b; 
Kakemi et al,, 197Oa, b). Bile salts, sodium glycocholate and sodium taurocholate some- 
what enhanced the absorption of phenol red (Kakemi et al., 197Oa), which is a poorly 
absorbable compound. This enhancing effect is probably same as the effect of 
polysorbate 80 on the absorption of micelle-free drugs (Kaneda et al., 1974). In this 
investiga~on bile salts also caused an enhanced absorption of ~o~y~osides to small 
degree. On the other hand, monoolein- or oleic acid-bile salt mixed micelles much more 
enhanced the absorption of aminoglycosides than bile salt alone. This observation is 
similar to the enhanced absorption of heparin in the pres(ence of mixed micelles 
(Muranishi et al., 1977). 

The enhancing effect was not caused by 1 h pretreatment with mixed micellar solu- 
tions. Considering the enhancing effect of bile salts on the absorption of phenol red in 
the previous report (Kakerni et al., 197Oa), it is suggested that mixed micelles may not 
have a strong direct action on the mucosal membrane and their action on the membrane 



may be easily reversible* Sodium ~y~~holate and t~ur~cholate themselves are )cnown to 
be exrrem&y iess hamfaX to the intestinal tract -contrary to dihydroxy b&z salts such as 
d~xy~h~~te and ~en~e~xy~h~a~~ (Martin and %%ps, W72). Our microscop%z obser- 
v&on srspports there being no ~~~~r~~t damage to the mucosaX i;=eBs from these m&X& 
miceiles (to be pubIish4). These fimdlngs seem to be important because mixed micelies 
do not cause much darnage to intestinal mucasa and the combinations of bile salt and 
certain lipids cau induce a remarkable inncrease in the absorption of aminoglycosides- 

l[n the in v&o ex~~meut with rabbit, ~~tarny~ was uoe~~e~t~d~y not weir adsorbed 
when mb~ed mice&~ solution was adrn~~~red into the dood~uum. From Figs 3 it is 
considered that the ~on~~~t~t~on of mixed miceties need to be kept at hi& cancentra-
tions, swh as 40 ml& etch the small ~ntestiua~ lumen. Mixed micelles would be, how* 
ever, diluted duriug transit in the ~~t~~t~~a~ Iument rmd therefore the euh~~~~~ effect is 
supposed to be deereased. On the other hand, the rectal ~s~~l~~on of nixed r&cellar 
~~ut~un pTo rabbit caused a ~e~~k~~~~ increase ia the ~~~o~~t~u~ of ~eutarn~~~~~ Conse- 
quently it is considered &at recta! administration with mixed micelles is more advanta-
geous for potential absorption of poorly absorbable drugs than oral administration far 
the following two reasons: first, the enhanced absorption by mixed miceles is essentially 
mure effr@ve in the large intestine than the smalX intestine. Their effect in the large 
~t~t~ue I;rf rat can be caused at oue~fou~ of t&&r ~ou~~t~~~o~ in the smafa &@stine. 
Second, tfxe iu&euce of the large i.ntestin& mu&&y on the movement of re&a$ contents 
is small, and in ad~tio~ iauid which is secreted at the large intestimz is c~nsid~r~~~y small; 
therefore, mixed uric&% are not exptMed to be diluted in the large intestine lumen. 

For the pha~~~~t~~ applieatiou, such a sdution is not always ~raetieally 
~u~~~~ to and rr&eBes unstable. ~yoph%administer, rniue4 wiIx bP: rather Therefore 
zat&~n of m&red m&e&~ sohztions was attempted to satisfy these re~u~rem~nt~ and mixed 
micelle powder was obtained. This powder was very easily dispersed in water and repra- 
duced mIxed micelkn4ke solution. Rectal administration of mixed mice& powder 
inchrding geutamycin resulted in obviously marked increase of absorption. In c;onclusion, 
the rectum is a sr.&abIe $ace in which adm~u~~tTa~on of mixed m&&es am induce &t? 
~b~~~j~ of norm&_y por3y %~~r~~~e drr;rgs, 
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