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(57) ABSTRACT 

The present invention relates to a physical form of the 
known drug Substance glyburide, also known as glibencla 
mide, and chemically defined as 5-chloro-N-2-4-(cyclo 
hexylamino)-carbonyl)aminosulfonylphenylethyl-2- 
methoxybenzamide (Merck Index, Tenth Edition, p. 642), as 
well as to dosage forms, e.g., tablets and capsules, incorpo 
rating Said physical form of glyburide. 
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GLYBURIDE COMPOSITION 

0001. This application is a continuation-in-part of U.S. 
Application Ser. No. 09/483,703 filed Jan. 14, 2000. 
0002 The present invention relates to a physical form of 
the known drug Substance glyburide, also known as glib 
enclamide, and chemically defined as 5-chloro-N-2-4- 

(cyclohexylamino)-carbonyl)aminosulfonylphenyl 
ethyl-2-methoxybenzamide (Merck Index, Tenth Edition, p. 
642), as well as to dosage forms, e.g., tablets and capsules, 
incorporating Said physical form of glyburide. 
0.003 Specifically, the physical form of glyburide which 
is the Subject matter of this invention is glyburide having a 
defined particle size distribution. This particle size distribu 
tion provides an enhanced rate of dissolution of the gly 
buride compared to bulk glyburide, and it provides repro 
ducible bioavailability in vivo. The glyburide of the 
invention can also be incorporated into a tablet or capsule 
matrix to enhance the physicochemical (e.g., rate of drug 
dissolution and absorption) properties desired. The preferred 
rates of dissolution and absorption herein provide for early 
onset of glyburide absorption, yet avoid the very high and 
rapidly achieved plasma drug concentrations (“spike') that 
would be achieved with prior art formulations when attempt 
ing to provide for early onset of absorption. A very high and 
rapidly achieved concentration can lead to undesirable 
hypoglycemia. The glyburide of the physical form described 
in this invention achieves this early rate of absorption, yet 
also maintains exposure of the patient to drug (as measured 
by the area under the plasma drug concentration against time 
curve), and therefore maintains the efficacy of the formula 
tion. 

0004. The glyburide of the subject invention, and formu 
lations based on this material, have properties that are 
particularly Suitable for use as oral preprandial Secreta 
gogueS. 

0005 Glyburide of the physical form described in this 
invention can also be used in formulations combining it with 
other drugs used in the treatment of type II diabetes. 
Examples include, but would not be limited to, acarbose or 
other glycosidase inhibitors, roSiglitaZone, pioglitaZone or 
other thiazolidonediones, biguanides Such as metformin 
fumarate, repaglinide and other "aglinides”. Glyburide with 
the particle size distribution as given in the current invention 
may be particularly useful in cases where co-formulation 
with drugs of high dose and high Solubility are required. An 
example of Such a drug used for the treatment of type II 
diabetes is the biguanide known as metformin (including its 
fumarate and hydrochloride Salts). 
0006 Glyburide is a commercially available product 
indicated for the treatment of type II diabetes. Its mode of 
action is that of an insulin Secretagogue, i.e., that of an agent 
which Stimulates the Secretion of insulin from patient's beta 
cells. (See U.S. Pat. Nos. 3,426,067; 3,454,635; 3,507,961 
and 3,507.954.) Subsequent to the discovery of glyburide 
itself, glyburide compositions with enhanced bioavailability 
to that of the originally developed and marketed formulation 
became available, for example as described in U.S. Pat. No. 
3,979,520 and 4,060,634. These patents describe the use of 
micronized or high Surface area (e.g., 3 to 10 m/g) gly 
buride in combination with various pharmaceutically 
acceptable excipients to obtain enhanced bioavailability. 
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Another composition in the prior art relates to the use of a 
Spray dried lactose formulation of micronized glyburide 
having a narrow distribution of particle sizes. The Spray 
dried lactose in Said composition is the preponderant excipi 
ent (not less than 70% of the final composition.) 
0007 U.S. Pat. No. 5,258,185 describes rapidly absorb 
able formulations of glyburide prepared by dissolving the 
drug in liquid polyethylene glycol and/or an alcohol (e.g., 
ethanol) with a Sugar alcohol (e.g., Sorbitol) Solution and 
optionally an alkalizing agent (e.g., ammonia). This Solution 
is blended with Suitable powdered pharmaceutically accept 
able excipients to provide a dry granulation material Suitable 
for compression into tablets. Similarly, Ganley (J. Pharm. 
Pharmac., 36:734-739, 1984) describes an improved formu 
lation of glyburide by including Solid polyethylene glycol in 
a capsule formulation, and Shaheen (Int. J. Pharm., 38:123 
131, 1987) uses polyethylene glycol and an alkalizing agent, 
tromethamine, to provide for rapid glyburide release from a 
tablet formulation. 

0008 Because of the poor water solubility of glyburide, 
the rate of dissolution of the drug from a dosage form is a 
controlling factor in determining the rate and extent of drug 
absorption. The rate of dissolution depends on particle size 
(or particle Surface area, which can be related to particle 
size). Borchert (Pharmazie, 31:307-309.1976) demonstrated 
the importance of this in Vivo where Studies in rats and dogs 
showed more extensive absorption of glyburide when a fine 
particle size material was evaluated against a coarser mate 
rial, the drug being administered as a Suspension. Arngvist 
et al (Ann. Clin. Res., 15: 21-25, 1983) showed it was 
possible to micronize glyburide to Such an extent that the 
reduced particle size of glyburide provided, relative to the 
reference formulation, higher maximum Serum concentra 
tions and greater area under the Serum concentration time 
curve after dosing a tablet containing a reduced amount of 
drug. 

0009) None of these studies however show how to define 
properly the limits of particle size properties required in 
order to provide for appropriate bioavailability from a solid 
dosage form containing glyburide. It has been found that the 
appropriate bioavailability for glyburide is obtained when 
the particle Size reduction of the glyburide is controlled So 
as not to provide what is classically accepted as “micron 
ized” material, yet is fine enough to provide for the desired 
rate of dissolution. Also helpful for obtaining the appropriate 
bioavailability is the choice of excipients used in the for 
mulation. The preferred excipients, known in the art, would 
be those that allow drug release to occur without Substan 
tially influencing the rate of drug dissolution and hence 
absorption. Such excipients would be highly soluble in 
water, and hence dissolve rapidly when the dosage form is 
immersed in an aqueous environment. In this way, the poorly 
Soluble glyburide is liberated as a finely divided Suspension. 
Dissolution of glyburide from this Suspension, the rate of 
which is controlled by the particle size distribution of the 
Suspension, is a prerequisite for absorption. Hence, the 
absorption characteristics are defined by the particle size 
distribution of the glyburide. In this way, as modeled by in 
Vitro testing, the preferred dosage form is rapidly converted 
to a Suspension of glyburide particles when the dosage form 
is ingested. Poorly Soluble excipients may result in a dosage 
form that erodes too slowly. For example, dosage forms 
prepared with the insoluble excipient dicalcium phospate 
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show slow erosion and consequently slow liberation of 
glyburide. Some currently marketed glyburide formulations, 
for example Micronase', employ Such excipients, and as a 
result can exhibit relatively slow liberation of glyburide into 
Solution. Tablets and capsules prepared according to the 
current invention using soluble excipients released 80% of 
their contained glyburide within 20 minutes in a medium of 
pH 6.4 phosphate buffer with 1% w/w sodium dodecyl 
Sulphate medium and agitation conditions of paddles at 50 
rpm. 

0.010 The appropriate bioavailability of glyburide avoids 
rapidly achieving a very high maximum (“spiked”) drug 
concentration in blood plasma. A very high concentration 
can predispose the patient to undesirable hypoglycemia. 
Additionally, the appropriate bioavailability of glyburide 
provides for the adequate extent of drug absorption Such that 
an area under the plasma drug concentration against time 
curve maintains efficacy. While not being bound by any 
theory, it appears that it is this combination, i.e., the early 
onset of glyburide absorption, without producing exces 
Sively high maximum plasma drug concentrations, yet also 
maintaining exposure of the patient to the drug, that permits 
the glyburide of this invention to be employed as an oral 
preprandial Secretagogue. 

0011. Other drug substances may be co-formulated with 
glyburide as well and Still allow for appropriate glyburide 
bioavailability. In particular, combination tablets or capsules 
for multiple drug therapy of diabetes is contemplated. 

0012 Data from studies with metformin hydrochloride/ 
glyburide tablets formulated with glyburide of different 
particle size characteristics allowed for the development of 
a correlation between glyburide particle size and the in vivo 
performance. The properties of the lots of glyburide used in 
the Series of combination tablets employed are shown in the 
table below. The desired particle size distribution may be 
obtained by Sieving or, preferably, air jet milling, and was 
measured by a laser light Scattering method. 

Glyburide particle size (microns) 

Tablet batch 25% undersize 50% undersize 75% undersize 

Combo 1 15 33 62 

Combo 2. 28 58 88 

Combo 3 1O 25 52 

Combo 4 6 11 19 

0013 When four compositionally-identical individual 
batches of tablets of metformin hydrochloride-glyburide 
500/2.5 mg were prepared using each of these lots of 
glyburide and dosed to humans, the following pharmacoki 
netic parameters were found on analysis of the glyburide 
plasma concentration-time curves: 
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Pharmacokinetic parameters, glyburide 

AUC Cmax AUC 
Cmax (ng/ml, (ng/ml/hr, (ng/ml, (ng/ml/hr, 

Tablet batch geo. mean) geo. mean) arith. mean) arith. mean) 
Combo 1 71 478 76 493 
Combo 2. 52 345 54 339 
Combo 3 64 513 67 531 
Combo 4 88 642 93 716 

0014) A reasonable correlation can be obtained between 
the particle size and the maximum attained geometric mean 
glyburide plasma concentration, Cmax, and also the geo 
metric mean area under the glyburide plasma concentration 
time curve, AUC. 
0015. From these correlations, projected limits on par 
ticle Size for glyburide that would give predicted Cmax and 
AUC values +25% of a mean value for batches of the 
reference glyburide formulation, Micronase TM, utilized in 
the in Vivo Studies were calculated. 

0016. Accommodating both Cmax and AUC require 
ments, the projected particle size limits then become: 

25% undersize limits 50% undersize limits 75% undersize limits 

3-11 microns 6-23 microns 15-46 microns 

0017. The particle size measurement method of laser 
light Scattering uses drug Substance dispersed in liquid 
paraffin for introduction into the measurement cell. The 
apparatus produces a volume based, cumulative size distri 
bution. Based on the above data and this methodology, it was 
found that the preferred particle sizes for glyburide to assure 
reproducibility of dissolution and bioavailability are: 

0018) 25% undersize value between 4 and 7 microns, 
0019 50% undersize value between 7 and 13 microns, 
and 

0020 75% undersize value between 17 and 23 
microns. 

0021 Particularly preferred particle sizes for glyburide 
C. 

0022 25% undersize value not more than 6 microns, 
0023 50% undersize value not more than 7 to 10 
microns, and 

0024 75% undersize value not more than 21 microns. 
0025 These limits can thus be placed on the glyburide to 
assure reproducibility and appropriate bioavailability each 
time the drug Substance is prepared and used in tablet or 
capsule formulation. 
0026 Glyburide having these particle size characteristics 
have powder Surface area values in the range of about 1.7 to 
2.2 mg as determined by nitrogen adsorption. This is yet 
another difference between the glyburide of the invention 
and that of the prior art. The glyburide of the prior art 
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generally required its powder Surface area to be in excess of 
3 mg (preferably 5 to 10 mig") to yield appropriate 
glyburide bioavailability. The glyburide of particle size 
properties detailed herein produces appropriate glyburide 
bioavailability in humans. 
0027. When formulating the glyburide into a tablet or 
capsule, it is preferable to include in the formulation a 
suitable level of highly water-soluble excipients. Such 
excipients are generally Soluble in water from 50 mg/ml to 
in excess of 300 mg/ml. They can be used singly or in 
combination and may comprise 45 to 90% by weight of the 
total formulation. Such a material used in a tablet or capsule 
formulation will completely dissolve within 5 to 30 minutes 
when Subjected to an in Vitro drug release test procedure, 
liberating the Suspension of glyburide particles. The formu 
lation may also include a binder Such as poVidone or low 
Viscosity hydroxypropyl methylcellulose and a lubricant, 
Such as magnesium Stearate or Sodium Stearyl fumarate. The 
inclusion of a disintegrant has been found to be highly 
desirable to assure the rapid break up of the dosage form 
when immersed in an aqueous environment. Suitable disin 
tegrants include croScarmellose Sodium or Sodium Starch 
glycollate. The formulation may optionally include other 
excipients Such as glidants, anti-adherents, colors, flavors, 
film coating components (including polymerS Such as 
hydroxypropyl methylcellulose, wetting agents Such as 
polySorbate 20, plasticizerS Such as polyethylene glycol 
200), and other materials commonly used in the formulation 
of tablets and capsules and as would be familiar to those 
skilled in the art. 

0028 Suitable highly water soluble excipients would also 
include, but not be limited to, Sugar alcohols Such as 
mannitol, Sorbitol and Xylitol, SugarS Such as Sucrose, lac 
tose, maltose and glucose, oligosaccharides Such as malto 
dextrins. 

EXAMPLE 1. 

Glyburide 
0029 Bulk glyburide was introduced into an air jet mill 
(Esco Strahlmuehle) via a hopper equipped with a screw 
feed, and the speed of charge was set at 20 to 30 kg/hour. The 
mill was operated with a Venturi nitrogen pressure of 
approximately 1.5 atmospheres and a micronization cham 
ber pressure of 4 atmospheres. Size reduction was not 
allowed to proceed to the extent normally employed to make 
glyburide that would be described as micronized. The mill 
was turned off and the drug Substance was discharged from 
it. A Sample of the size-reduced glyburide was evaluated by 
a laser diffraction particle size analysis method. The follow 
ing results were obtained: 

0030) D25% 5 microns, D50% 9 microns, D75% 21 
microns 

0031 (Note: Such a size reduction process in the mill 
normally would be allowed to proceed to produce typical 
micronized material of commerce. A commercially available 
micronized Sample was tested by the particle size analysis 
method and the following results obtained: 

0032) D25%2.8 microns, D50% 4.5 microns, D75% 
7.3 microns. 

0.033 Hence the material of this Example is different 
from the commercially available micronized glyburide 
Sample tested.) 
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EXAMPLE 2 

0034. The following single entity glyburide formulation 
was prepared. 

Ingredient mg per Tablet 

Mannitol 15O.O 
Glyburide of Example 1 5.0 
Croscarmellose sodium 6.25 
Microcrystalline cellulose 75.O 
Povidone 12.5 
Magnesium stearate 0.2-2.5 

0035. The glyburide was blended with the croscarmellose 
Sodium and that mixture was blended with the mannitol. The 
resulting blend was wet granulated using the poVidone 
dissolved in an appropriate amount of purified water. The 
granules obtained were dried to an appropriate residual 
moisture content, mixed with the microcrystalline cellulose, 
lubricated by mixing with the magnesium Stearate and 
compressed into tablets each containing 5 mg of glyburide. 

0036) The tablets were subjected to an in vitro dissolution 
method to determine the rate at which the glyburide was 
released from the tablets. The tablets were placed into a 
dissolution medium of pH 6.4 phosphate buffer with 1% 
w/w Sodium dodecyl sulphate, and stirred with paddles at 50 
rpm. It was found that 80% of the drug in the tablet was 
dissolved within 20 minutes. 

EXAMPLE 3 

0037) 

Ingredient mg. per Tablet 

Mannitol 2SO.O 
Glyburide of Example 1 1.25 
Croscarmellose sodium 7.0 
Microcrystalline cellulose 28.25 
Povidone 1.O.O 
Magnesium stearate 0.6-6.0 
Film coat (optional) 4.5-12.0 

0038 A process similar to the process described in 
Example 2 would yield tablets containing 1.25 mg of 
glyburide. The tablets are optionally film coated with a 
proprietary film coat composition such as OPADRY, 
employing a side vented coating pan. 

EXAMPLE 4 

0039) 

Ingredient mg per tablet 

Lactose monohydrate 2SO.O 
Glyburide of example 1 5.0 
Croscarmellose sodium 7.0 
Microcrystalline cellulose 28.25 
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-continued 

Ingredient mg per tablet 

Povidone 1O.O 
Magnesium stearate 0.6-6.0 

0040. A process similar to the process described in 
Example 2 yielded tablets containing 5.0 mg of glyburide. 

EXAMPLE 5 

0041. The glyburide of the invention can be co-formu 
lated with other drugs for the treatment of type II diabetes. 
This would facilitate treatment for patients having to take 
multiple medications when Single drug therapy is inadequate 
to control their disease. Such agents might include, but 
would not be limited to, acarbose or other glycosidase 
inhibitors, roSiglitaZone, pioglitaZone or other thiazoli 
donediones, biguanides Such as metformin fumarate, repa 
glinide and other "aglinides”. 

Example with Rosiglitazone Maleate 

0042 

Ingredient mg. per Tablet 

Mannitol 2SO.O 
Rosiglitazone maleate 2.65 
Glyburide of Example 1 1.25 
Croscarmellose sodium 7.0 
Microcrystalline cellulose 28.25 
Povidone 1O.O 
Magnesium stearate 0.6-6.0 

*equivalent to 2 mg of rosiglitazone 

0043. By a process similar to the process described in 
Example 2, the two drug Substances are first blended with 
the croScarmellose Sodium and the remaining ingredients are 
then added to provide tablets, each containing 1.25 mg of 
glyburide and 2 mg of rosiglitazone (as the maleate salt). 
0044) Those of ordinary skill in the art will appreciate 
that the embodiments shown can be modified without 
departing from the Spirit and Scope of the invention. 
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What is claimed is: 
1. The substance 5-chloro-N-2-4-(cyclohexylamino)- 

carbonyl)aminosulfonylphenylethyl-2-methoxybenza 
mide having the following particle size distribution charac 
teristics: 

25% undersize value between 3 and 11 um, 
50% undersize value between 6 and 23 um, and 
75% undersize value between 15 and 46 um. 
2. The Substance of claim 1 wherein the particle Size 

distribution is 

25% undersize value between 4 and 7 um, 
50% undersize value between 7 and 13 lum, and 75% 

undersize value between 17 and 23 um. 
3. The use of the Substance of claim 1 in a tablet or 

capsule. 
4. A tablet or capsule comprising the Substance of claim 

1 and a Second drug, the Second drug being a drug that is 
useful for the treatment of type II diabetes. 

5. The tablet or capsule of claim 4 wherein the second 
drug is Selected from the group consisting of glycosidase 
inhibitors, thiazolidonediones, biguanides and aglinides. 

6. The tablet or capsule of claim 5 wherein the second 
drug is Selected from the group consisting of acarbose, 
rosiglitaZone, pioglitaZone, metformin fumarate and repa 
glinide. 

7. A tablet or capsule comprising the Substance of claim 
1 and at least one highly water Soluble excipient. 

8. The tablet or capsule of claim 7 wherein the at least one 
highly water soluble excipient comprises 45 to 90% by 
weight of the total formulation. 

9. A method of treating type II diabetes which comprises 
administering to a patient in need of Such treatment a 
therapeutically effective amount of the Substance of claim 1. 

10. The substance 5-chloro-N-2-4-(cyclohexy 
lamino)-carbonyl)aminosulfonylphenylethyl)-2-meth 
oxybenzamide having the following particle size distribu 
tion characteristics: 

25% undersize value not more than 6 microns, 
50% undersize value not more than 7 to 10 microns, and 
75% undersize value not more than 21 microns. 


