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The adjuvant effect of N-acyl-L- and D-phenylalanine derivatives on intestinal absorption of
insulin was investigated in normal mice. The correlation between the chemical structural properties
of the N-acyl moiety and the absorption-promoting activity was estimated from the glucose
concentrations and the insulin levels in the blood of mice after oral combined administration of
insulin and adjuvant. The chemical structural properties of N-acyl-phenylalanine derivatives
necessary for adjuvant effect on intestinal absorption of insulin were as follows.

1. An aromatic ring is present, separated by two atoms from the acyl carbonyl group.

2. Either of X or Y is oxygen or X-Y is a double bond in Fig. 2.

3. The N-acyl moiety has small hydrophobic substituents, such as F, Cl, or Me at R, R, R,
and has an appropriate hydrophilic-hydrophobic balance of the overall molecule.

The use of these agents to enhance insulin absorption offers the possibility of a new approach
to oral insulin therapy.
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Introduction

Insulin is secreted from the pancreas and passes into the portal vein, through the liver,
and reaches the peripheral veins. This physiological route of insulin may be reproduced by
oral administration, if insulin can be absorbed from the duodenum or the small intestine into
the portal vein and the liver can be exposed to high concentrations of insulin as in the normal
physiological state. The difference of physiological effect between portal administration and
peripheral injection of insulin remains unclear,” but it is important to develop an adminis-
tration route similar to the physiological route of insulin.

The therapeutic administration of insulin is at present limited to the injection route
because insulin is destroyed and poorly absorbed through the mucosal membrane in the
gastrointestinal tract. Another route of administration of insulin, for instance oral adminis-
tration, would offer advantages in terms of avoidance of patient’s suffering from painful
injections, as well as possibly fewer problems with antigenicity. Rectal administration® and
nasal administration® of insulin has been considered as possible parenteral administration
routes of insulin. Oral administration of insulin has also been attempted with ionic or
nonionic surfactants,* protease inhibitors,” or nonsurfactant adjuvants.” Moreover,
liposome-encapsulated insulin has been administered orally.” Recently, oral administration of
azopolymer-coated insulin was reported.®’ However, these routes have not yet been proved to
be practical for general use.

We have been interested in the development of methods for oral administration of
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insulin. We examined the adjuvant effect of about 300 N-acyl amino acids on intestinal
absorption of insulin. We found that some N-acyl-phenylalanine derivatives, such as N-
benzyloxycarbonyl-phenylalanine (1), N-phenoxyacetyl-phenylalanine (4) and N-cinnamoyl-
phenylalanine (11), shown in Fig. 1, had an adjuvant effect.”

After that discovery, we examined many analogues, in order to elucidate the relationship
between their structures and absorption-promoting effects.

We wish to report here the effects of substituents on the acyl moiety of N-acyl-L- and D-
phenylalanine derivatives on the adjuvant effect in oral administration of insulin.

Chemistry

N-Acyl-phenylalanine derivatives were prepared from phenylalanine and appropriate
carboxylic acid chlorides by means of the Schotten-Baumann reaction. They were also
prepared from phenylalanine methylester hydrochloride and appropriate carboxylic acids by
DCC-HOBt (N,N’—dicyclohexylcarbodiimide-1-hydroxybenzotriazole) coupling and sub-
sequent hydrolysis of the methyl ester.

Physical data for the prepared compounds are summarized in Table I'V.

Results and Discussion

Structure Activity Relationships

In the first screening of about 300 N-acyl amino acids, insulin was administered orally at
a dose of 250 U/kg with 5000 mg/kg of N-acyl amino acid to normal ICR-CD1 mice. The
extent of absorption was estimated from the reduction in blood glucose concentration. We
found that N-benzyloxycarbonyl-phenylalanine (1) (referred to as type I), N-phenoxyacetyl-
phenylalanine (4) (type II) and N-cinnammoyl-phenylalanine (11) (type III), show in Fig. 1,
resulted in significant insulin absorption through the gastrointestinal tract. Interestingly, these
three N-acyl moieties resemble each other in having an aromatic ring at two atoms distance
from the carbonyl group.

A preliminary examination was made of the effects of substituents in the phenylalanine
derivatives possessing the above three types of N-acyl groups, and the results are shown in
Table I. In this examination, 250 U/kg of insulin and 200 to 600 mg/kg of N-acyl-
phenylalanine derivatives were orally administered as a solution to normal ICR-CDI mice,
and the decrease in serum glucose level was estimated.

The structural conversion at the C-terminal carboxylic group of the derivatives to amide
(2, 6) or ester (5), and the addition of phenylalanine to the C-terminal (3, 7, 15) showed no
increase in the adjuvant activity. The results indicate the importance of the carboxylic group
in these compounds for adjuvant activity. Phenylalanylphenylalanylphenylalanine (16), which
was reported as an adjuvant for rectal absorption of Cefoxitin and Cefmetazol'® and is
structurally similar to our adjuvants, was ineffective for oral administration of insulin. On the
other hand, introduction of substituents on the aromatic ring of the N-acyl moiety, except m-
substituents (12), resulted in an increase in the adjuvant activity (8, 9, 10, 13, 14). This fact led
us to make further studies of the structural transformation of the N-acyl moiety of the
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TaBLE 1. Adjuvant Effect of N-Acyl-L-Phenylalanine Derivative after Oral
Administration of Insulin (250 U/kg) in Mice (n=5)

Ar-X-Y-CO-NH-CH(CH,C,H,)-CO-Z

Adjuvant dose Hypoglycemic effect”

No. Ar X z (mg/ke) — 4G (mg/dI)
1 G4H, -CH,-O- OH 300 45.9"
2 CoH; " -CH,-O- NH, 600 +
3 GCyH; ~CH,-O- L-Phe 300 14.2
4  C.Hs ~O-CH,- OH 200 22.99
5  C.H;s -O-CH,- OCH, 600 +
6  C,H, -O-CH,- NH, 600 12.9
7 GCeH;s ~O-CH,- L-Phe 300 42
8  p-CICH, ~O-CH,- OH 300 29,50
9 1-C, H, ~O-CH,- OH 200 51.09

10 2-C,,H, -O-CH,- OH 200 51.09
11 C,H; -CH=CH-Y OH 600 56.3°)
12 m-CH,0C,H, -CH=CH-* OH 300 +
13 p-CH,C.H, -CH=CH-Y OH 300 37.97
14  p-CIC,H, ~CH=CH- OH 300 53.29
15  p-CIC,H, ~-CH=CH-?  1L-Phe 300 17.9
16 L-Phe L-Phe 600 +

a) Values are shown as decrease of blood glucose level compared with PBS-treated control at 30 min
after administration. Significantly different from non-treated normal control group. b) p<0.01, ¢)
p<0.001. d) Cinnamoyl moieties are E isomers. ‘<4 means no hypoglycemic effect.
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phenylalanine derivatives to improve the adjuvant activity.

Various substituents, namely R,, R;, R, were introduced into the N-acyl moiety of
phenylalanine derivatives as shown in Fig. 2. Table II shows the results obtained when
50 U/kg of insulin and 300 mg/kg of adjuvant were orally administered in solution to normal
ICR-CDI mice.

Among the compounds with a type of N-acyl moiety similar to N-phenoxyacetyl (type
IT), N-(p-chlorophenoxacetyl)-phenylalanine (8) and N-naphthoxyacetyl-phenylalanines (9,
10, 22) have excellent adjuvant effects.

Among the N-cinnamoyl derivatives (type 11I), compounds with a-F (39), «-Me (40), «-Cl
(41), p-Cl and p-CI (14) were most effective and they produced over 40 mg/dl decrease in blood
glucose concentration. However, the correlation between the position of the substituent and
the effect was unclear. Introduction of a hydrophilic group, such as a-acetylamino (42), m-
MeO (12) or 3,4-methylenedioxy (35), were ineffective. On the other hand, introduction of
hydrophobic functional groups, such as m-Me, m-CF;, p-Me and p-Et (26, 28, 13, 32) was
effective. However, introduction of more hydrophobic and bulkier groups, such as p-propyl,
p-phenyl, m-phenoxy or m,p-dichloro (33, 34, 29, 36) was ineffective.

Furthermore, we examined the effect of structures similar to N-phenoxyacetyl (type II)
and N-cinnamoyl (type III) structures. For example, the saturation of vinyl groups in
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TaBLE II.

Adjuvant Effect of N-Acyl-L-phenylalanine Derivatives (300 mg/kg)

after Oral Administration of Insulin (50 U/kg) in Mice (n=5)
Ar-X(R;)-Y(R,)-CO-NH-CH(CH,C¢H;)-CO,H

Hypoglycemic effect®

No. Ar “X(Ry)-Y(R,)- —AG (mg/dl)
15 min 30 min
17 p-EC,H, ~CH,-O- 70.2 26.6%
18 0-CIC,H, -O-CH,- 21.9 +
19 m-CIC,H, -O-CH,- 29.9 +
20 m-CF,CH, ~O-CH,- 157 14.8
8 p-CICH, ~O-CH,- 4229 6.0
21 0,m-(CH,),C H, ~O-CH,- 14.1 24.59
9 1-C,,H, ~O-CH,- 38.29) +
10 2-C,,H, ~O-CH,- 53.79 21.29
22 1-C,oH, ~O-CH(CH,)-* 15.79 44.29
23 1-C,oH, ~O-CH(CH,)-* + +
24 0-FC H, _CH=CH-) 0.7 +
25 0-CIC,H, ~CH=CH-" 12.2 +
12 m-CH,0CH, ~CH=CH-" + 5.2
26 m-CH,C4H, ~CH=CH-" 21.99 0.6
27 m-CICH, ~CH=CH-" 13.3 30.7
28 m-CF,CeH, ~CH=CH-" 29.4 22.4
29 m-CoH;OCH, ~CH=CH-" 15.0 +
30 p-FCH, ~CH=CH-" + +
13 p-CH,C H, ~CH=CH-" 37.59 2.4
14 p-CIC H, ~CH=CH-" 65.7¢ 40.39
31 p-CF,CH, ~CH=CH-" 21.4 42.09
32 p-CH,CH,C H, ~CH=CH-" 30.1 6.6
33 p-CH,CH,CH,C,H, -CH=CH-" 4.4 +
34 p-CeHsC H, ~CH=CH-" + +
35 m, p-CH,0,CH, ~CH=CH-" 16.4 14.5
36 m, p-Cl,CcH, ~CH=CH" + +
37 1-C,oH, ~-CH=CH-" 0.3 +
38 -C,oH, ~-CH=CH- 35.99 0.9
39 CH, ~CH=CF- (2) 39,74 26.8"
40 H, ~CH =C(CH,)- (E) 42.39 +
41 CH, ~CH=CCl- (2) 55.79 38.49
42 «Hs ~CH =C(NHCOCH,)- (2) + +
43 p-CH,C,H, ~CH=CF- (2) 23.7 +
44 p-CIC H, ~-CH=CF- (2) 25.3 +
45 p-CH,C,H, ~CH=CCl- (2) + 10.5
46 CoH, ~CCl=CH- (2) 47.89 34,39
47 p-CIC H, -S-CH,- 4.1 3.8
48 @O ~O-CH,- 29.2 20.5
49 @j ~O-CH, + +
50 CH; ~CH,CH(C)- (S) 47.89 6.5
51 CH, ~CH,-CH(Cl)- (R) 14.7 16.9
52 O’ N _CH=CH- + +
53 )_O_s ~CH=CH- 19.0 +
54 @-S ~CH=CH- 18.9 1.6
55 ~-CH=CH- 6.4 +
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TaBLE II. (continued)

Hypoglycemic effect®)
No. -X(Rp)-Y(R,)- — 4G (mg/dl)
15 min 30 min

Ar
qdwi
56 g —-CH=CH- + 7.7

a) See TableII. Significantly different from non-treated normal control group. b)p<0‘05‘c).p<0'02‘
d) p<0.01, e) p<0.001. f) Cinnamoyl moieties are E isomers. ‘“+" means no hypoglycemic effect.
g) The R or S stereoisomer.
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Fig. 3. Hypoglycemic Effect with Compound Fig. 4. Hypoglycemic Effect with Compound
39 in Mice (n=Y5) 46 in Mice (n=5)
O, PBS, control group 0.2 ml/10 g; @, insulin alone O, PBS, control group; A, 46 300 mg/kg insulin
50 U/kg; A, 39 300mg/kg+insulin 50 U/kg; A, 39 50 U/kg.
300 mg/kg.

cinnamoyl derivatives did not increase the adjuvant effect, namely N-(3-phenyl-1-
chloropropionyl)-phenylalanines (50, 51) were less effective than N-(a-chlorocinnamoyl)-
phenylalanine (41). The saturation of the aromatic ring of the naphthoxyacetyl or cinnamoyl
moiety (48, 49, 52, 53) resulted in less effect than that of the original structure. 3-Heterocyclic-
vinyloxy compounds (55, 56) were not effective.

To confirm that the absorption of insulin was well reflected by the hypoglycemic effect,
the increase in serum immunoreactive insulin level was estimated. Two typical results are
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TaBLE III. Adjuvant Effect of N-Acyl-D-phenylalanines Derivatives (300 mg/kg)
after Oral Administration of Insulin (50 U/kg) in Mice (n=5)

Ar-X(R;)-Y(R,)-CO-NH-CH(CH,CsH;)-CO,H

No. Ar X(R,)-Y(R,)- Hypoglycemic effect —AG (mg/dl)

15 min 30 min
57 p-CIC H, ~-CH=CH- 61.5” 26.8Y
58 C¢H, ~CH=CF- (2) 30.3% 23.39

Significantly different from non-treated normal control group. a) p<0.02, b) p<0.001.
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shown in Fig. 3 and Fig. 4. In both cases, the serum immunoreactive insulin level was
remarkably increased at 15 min after the administration. The decrease of serum glucose level
can be attributed to the increase in serum insulin level. No hypoglycemic effect was observed
on control administration of insulin alone or adjuvant alone, as shown in Fig. 3.

No significant difference between L- and D-derivatives of phenylalanine was observed in
the oral insulin absorption enhancing effect. Two typical results for D-phenylalanine
derivatives are shown in Table III. These results suggest that the physico-chemical properties
of N-acyl moiety such as hydrophobicity rather than the stereochemistry of the phenylalanine
moiety are important for the adjuvant effect.

Relationship of the Hypoglycemic Effect and the Hydrophobicity

The lipid-water partition character of adjuvants might be important, because adjuvants
should interact with the membrane at the intestinal tract. Kakeya et al.'! reported an
examination of the rectal absorption-promoting activity of N-straight chain fatty acid
substituted phenylalanine derivatives and other carboxylic acids on sodium ampicillin in rats.
They found that the optimal log P value of carboxylic acid exerting the maximum rectal
absorption-promoting effect was in the range of 4.2 to 4.8. We chose their three compounds,
N-hexanoyl-(log P,,=2.11, k’ in our experiment was 1.89), N-octanoyl-(log P,.,=3.11, k'=
6.66) and N-decanoyl-L-phenylalanine (log P,,,=4.11, k’=23.88), which resemble our com-
pounds, as internal standards for the high performance liquid chromatography (HPLC)
study. The hydrophilic-hydrophobic balance of compounds can be predicted by HPLC
study.’® We studied the hydrophobicity of adjuvants in terms of the reverse-phase HPLC
retention factor k’.

The relationship of the hypoglycemic effect (—AG) and the retention factor k&’ of some
compounds is shown in Fig. 5. It became clear that the compounds with remarkable
absorption-promoting activity had a retention factor k' value between 1.89 to 6.66, or were
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eluted between N-hexanoyl-L-phenylalanine and N-octanoyl-L-phenylalanine in HPLC. More
hydrophilic or hydrophobic compounds were less effective. These results suggest the
importance of appropriate hydrophilic-hydrophobic balance of the overall molecule.

Protease-Inhibiting Activity

In intestinal absorption of insulin, it is necessary to avoid degradation of insulin by
intestinal proteases. From this point of view, chymotrypsin inhibitors such as FK-488> have
been used as adjuvants for intestinal absorption of insulin. We also examined the protecting
effect of some compounds prepared here against chymotrypsin digestion. The IC,, values of
phenylalanine derivatives against chymotrypsin were of the order of 103 M, which is lower by
four orders than the value with FK-488 (7 x 10~7 m). No clear relationship was found between
the chymotrypsin-inhibitory and absorption-promoting activities. However, at very high
concentration, the adjuvants inhibit chymotrypsin activity completely.

Conclusion

The mechanisms by which our compounds promote insulin absorption in the intestine
remain unclear, but some chemical structural properties of N-acyl-phenylalanine derivatives

necessary for adjuvant effect on the intestinal absorption of insulin were revealed.
The properties are as follows.

TaBLE IV. Physical Properties

No mp (°C) [o]p No mp (°C) (3
’ (Crystn. solvent)® (c, solvent,” °C) ’ (Crystn. solvent)” (c, solvent,” °C)
3 163—164, (A) —1.40 (1.0, A, 17) 319 222224, (A) —18.60 (1.6, A, 20)
4 137—138, (A) +14.01 (0.5, B, 24) 32 136—137, (A) —34.50 (1.5, A, 26)
5 60—63, (B) ~9.40 (0.5, A, 20) 33 121—122, (B) —36.20 (1.8, A, 15)
6 188—191, (A) +4.35 (1.0, A, 20) 34 232—233, (E) —50.60 (1.7, A, 26)
7 178.5-179.5, (A)  —6.20 (0.5, A, 24) 35 178—180, (A) —53.00 (0.8, A, 23)
8 144—145, (B) +10.74 (0.5, A, 25) 36 147—148, (F) —33.39 (0.5, A, 24)
9 182—185, (C) +10.74 (1.2, A, 20) 37 220—221, (A) +70.60 (1.1, C, 20)
10 177—178, (C) +28.0 (1.1, A, 30) 38 218—219, (A) +34.80 (1.0, C, 20)
12 119—121, (B) —25.50 (0.8, A, 21) 39 145—148, (A) —45.40 (1.2, A, 20)
13 135—137, (A) —35.89 (1.0, A, 25) 40 103—107, (F) —61.50 (0.86, A, 20)
14 221224, (A) —31.02 (1.0, A, 30) 414 84—87, (F) —4.10 (2.8, A, 20)
15 234 (dec.), (A) —22.54 (0.05, A, 24) 42 205—207, (A) —2.85(1.0, A, 24)
17 9293, (A) —4.80 (0.5, A, 24) 43 163—163.5, (A)  —51.20 (0.5, A, 25)
18 165—166, (B) +11.01 (1.0, A, 24) 44 155—160, (B) —53.17 (1.0, A, 24)
19 143—144, (B) +9.79 (1.0, A, 24) 45 114—115, (G) —0.65 (1.0, A, 24)
20 158—159, (B) +7.35 (1.0, A, 24) 46 122.5—123.5, (G) —17.11 (1.0, A, 24)
21 175.5—176.5, (B) +22.45 (1.0, A, 24) 47 177—178, (B) +34.13 (1.0, A, 24)
22 144—146, (D) +41.20 (1.0, A, 21) 48 123—124, (B) +19.35 (1.0, A, 24)
23 115—116, (D) —40.10 (1.1, A, 21) 49 105—106, (B) +18.64 (1.0, A, 24)
24 132—133, (B) —17.90 (0.88, A, 24) 50 114—115, (G) +24.58 (1.0, A, 24)
25 126—127, (B) +1.66 (1.0, A, 24) 51 116.5—117.5, (G) +17.57 (1.0, A, 24)
26 141—142, (B) —28.60 (1.7, A, 15) 52 136—137, (B) +15.27 (1.0, A, 24)
27 146—147, (B) —27.20 (1.7, A, 15) 539 155—160 —135.24 (0.5, A, 24)
28 158—160, (C) —19.10 (1.0, A, 20) 54 74—717, (B) +6.94 (0.5, A, 24)
29 121—122, (B) —28.70 (1.7, A, 30) 55 172—173, (B) —58.24 (0.5, A, 24)
30 144—146, (B) —21.06 (0.5, A, 24) 56" 197—205 +35.80 (0.5, A, 24)

a) A, MeOH-H,0; B, AcOEt-n-hexane; C, EtOH-H,0; D, CHCl;—petroleum ether; E, acetone-H,0O; F, EtOH-AcOEt-n-
hexane; G, AcOEt-petroleum ether. b) A, EtOH; B, MeOH; C, 0.1% NaOH:MeOH =50:50. ¢) Formula C,,H,cF;N,0;-
MeOH. d) Formula C;gH;(Cl;N,0; 1/2EtOH. ¢) Cyclohexylamine salt. f) Dicyclohexylamine salt.
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1. N-Acyl-phenylalanine derivatives which show an adjuvant effect have an aromatic ring
at two atoms distance from the acyl carbonyl group.

2. Either of X or Y is oxygen or X-Y is a double bond in Fig. 2.

3. The N-acyl moiety has small hydrophobic substituents, such as F, Cl or Me at R, Ry,
R,, and an appropriate hydrophilic-hydrophobic balance of the overall molecule is necessary
for the absorption-promoting effect.

Experimental

Melting points were determined with a Yanaco micro melting point apparatus and are uncorrected. Proton
nuclear magnetic resonance ('H-NMR) spectra were determined on a Varian EM-390 90 MHz spectrometer in
CDCl; or Me,SO-d; solution for all compounds and were consistent with the assined structure. Infrared (IR) spectra
were taken on the JASCO IR-810 spectrophotometer. Optical rotations were measured on a JASCO DPI-140
polarimeter. Elemental analyses were carried out with a Yanaco MT-3. The analitical results obtained for C, H and N
were within +0.39, of the theoretical values.

HPLC was performed on a Hitachi 635 with a YMC-A311 (ODS 6 x 100 mm) column with a mobile phase
composed of 60%, MeOH/40%, 0.02 M phosphate buffer, pH 7.0, at 25 °C. The elution rate was 1 ml/min (100 kg/cm?)
and detection was carried out at ultraviolet (UV) 220 or 260 nm. We calculated the retention factor k’ for each N-acyl
phenylalanine derivative according to the formula

k'=(tg—10)/1o

in which r, =retention time of the solvent front and g =retention time of the N-acyl-phenylalanine derivatives.

Chemicals——L-Phenylalanine and D-phenylalanine were products of Ajinomoto Co. Commercially unavailable
carboxylic acids were prepared in the laboratory. Aromatic substituted cinnamic acids were prepared following Koo
et al.'® Phenoxyacetic acids were prepared following Palmer and Kester.!® a-Fluorocinnamic acids, a-chlorocin-
namic acids and B-chlorocinnamic acids were prepared following Flkik,'* Field and Carile'® and Youssef and
Abdel-Maksoud,'® respectively.

General Procedure for the Preparation of N-Acyl-phenylalanines——Procedure A (Schotten-Baumann Re-
action): A carboxylic acid (69 mmol) was added to 100 ml of SOCI,, and the reaction solution was heated at 90°C
for 3h. The reaction solution was cooled, and the solvent was removed in vacuo. Then the residue was dissolved in
80 ml of acetone.

Phenylalanine (80 mmol) was dissolved in 43 ml of 2N NaOH solution (86 mmol), then 77 ml of water and 240 ml
of acetone were added. The reaction solution was cooled to 0 °C, then an acetone solution of carboxylic acid chloride
and 38 ml of 2N NaOH solution (76 mmol) were alternately added with stirring for 20 min, maintaining the solution
at pH 9 to 11. The reaction solution was stirred for 30 min at room temperature, then the reaction solution was
acidified with 2 N HCl solution and water was added. The precipitate was collected by filtration and then washed with
water. N-Acyl-phenylalanine was recrystallized from an appropriate solvent.

Procedure B (DCC-HOBt Method): A carboxylic acid (30 mmol) and phenylalanine methylester hydrochloride
(33 mmol) were dissolved in 250 ml of dioxane or CH,Cl, and the reaction solution was maintained at 0—5 °C. Et;N
(33 mmol), HOBt (36 mmol) and DCC (36 mmol) were added, and the reaction solution was stirred at room
temperature for 14h. AcOH (4ml) was added, and the reaction solution was stirred for 2h at room temperature.
Then the precipitate was filtered off. The solvent was removed in vacuo and the residue was dissolved in 250 ml of
AcOEt. The organic layer was washed with 5% NaHCOj; solution (150 ml x 3), brine (100 ml), 0.5N HCI solution
(150 ml x 3) and brine (100 ml). The organic layer was dried over magnesium sulfate and the solvent was removed in
vacuo. The residue was filtered through silica gel (250 ml) with AcOEt-n-hexane, and the solvent was removed in
vacuo. The residue was dissolved in 100 ml of MeOH and 44 ml of 1 N NaOH solution was added. The reaction
solution was stirred for 30 min at room temperature, then the reaction solution was acidified with concentrated HCI
and diluted with water. The precipitate was collected and N-acyl-phenylalanine was recrystallized from an
appropriate solvent.

Insulin Absorption-Promoting Activity of N-Acyl-phenylalanine Derivative Preparations in Fasted ICR-CDI
Mice Preparation: Insulin (Connaught Co., Ltd., U.S.A. Zn-insulin, specific activity 23.3 U/mg) 300 Unit was
dissolved in 3 ml of 0.05 N HCl solution and 27 ml of water was added (final concentration was 10 U/ml, pH 3). An N-
acyl-phenylalanine derivative (600 mg) was dissolved in a small amount of 0.1 N NaOH solution and the solution was
neutralized with 0.1 N HCl solution. The solution was diluted with phosphate buffer (0.05M, pH 7.5) to a volume of
20ml (final concentration was 30 mg/ml, pH 8.0). Insulin solution, N-acyl-phenylalanine derivative solution and
0.05M phosphate buffer were mixed to a total volume of 0.2ml at a specified mixing ratio.

Animal Experiment: Female ICR-CDI mice (6—7 weeks old, Charles River, Japan) were fasted for 16—18h and
0.2ml of preparation was orally administered. Blood samples were obtained from the infraorbital vein 15, 30 and
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60 min after administration of preparations. Serum was separated by centrifugation at 3000 rev/min and serum
glucose was determined by the glucose oxidase/peroxidase method. Serum IRI level was determined by double
antibody radioimmunoassay using the Insulin RIA kit (Eiken, Japan). Each level was compared with that in a
phosphate buffer control group.
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