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(57) ABSTRACT 

A method of treating or preventing myocardial ischemia in a 
patient in need thereof comprising administration of a con 
trolled-release Galenical preparation of pharmaceutically 
acceptable Diltiazem including the pharmaceutically accept 
able salts thereof, suitable for evening dosing every 24 hours 
containing from about 180 mg to about 420 mg of the form of 
Diltiazem associated with excipients to provide controlled 
(sustained) release of the form of Diltiazem for providing a 
Cmax of diltiazem in the blood at between about 10 hours and 
about 17 hours after administration, the preparation compris 
ing the form of Diltiazem in oral Sustained-release dosage 
form in which the Diltiazem is adapted to be released after 
administration over a prolonged period of time and exhibits 
when given to humans (i) a higher bioavailability when given 
at night compared to when given in the morning without food 
according to FDA guidelines or criteria and (ii) bioeduiva 
lence when given in the morning with and without food 
according to the same FDA guidelines or criteria. 
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Diltiazern AUC PK Summary 

Formulation According to Embodiment of invention Morning 
Morning fasting Morning Fed Night Dosing Fed/Fast Nightnoming 

Subject AUC log AUCt AUC Log AUC AUC Log AUC Ratlo Ratio 
2 730.75 745 2647.15 788 1987.11 7.59 1.53 1.15 
3 271298 7.91 2336.67 7.76 3249.94 8.09 0.38 1.20 
4 2688.34 7.90 1907.6 755 2892.21 7.97 0.71 O8 
5 a 19237 8.34 418.5 8.32 702.33 8.46 0.98 1.12 
S 3074.51 8.03 2887.98 7.97 3900.06 8.27 0.94 1.27 
7 1629.31 740 1847.56 752 223.36 7.91 1.3 1.67 
e 94.0 6.85 1970.97 7.59 1835.11 7.51 2.09 95 
9 3144.13 8.05 34.6259 8.5 2923.86 7.98 1.10 0.93 
10 2O74.94 7.64 299.45 8.0 4O28.83 8.30 1.44 1.94 

3.653.96 820 2771.53 7.93 34.64.72 8.15 0.76 0.95 
12 2684.22 7.90 3790.43 824 3.141.47 8.05 41 1.17 
13 3352.69 B.12 3751.95 8.23 3708.83 8.22 1.12 1. 
14 2988.61 8.00 3665.50 2 3.1405 805 1.23 O5 
15 6796.97 8.82 820.22 S.O1 7578.33 8.93 1.21 1.11 
16 2873.70 7.96 4644.79 8.44 419.209 8.34 1.62 46 
17 4468.33 8.40 42.2255 8.35 3762.50 8.23 0.94 0.84 
18 sass429 8.64 5635,72 64 15938 8.88 1.00 27 
19 494407 8.51 5107.44 54 481.220 8.48 1.03 O.97 
2O 2986.73 8.00 2988.34 8.00 27923 7.93 1.00 O.93 
21 2908,88 7.98 33.14.12 B. 389.98 8.39 .4 151 
22 4270.43 8.36 3790.06 824 36.31.01 8.20 0.89 0.85 
23 6150.18 8.72 60S256 8.7 74.7822 8.92 O.99 122 
25 29.26.46 7.98 5633.64 8.64 839.10 8.48 1.93 1.65 
26 3928.61 828 4614.3 8.4 4359.77 8.38 1.17 1. 
27 3637.94 820 458748 8.43 4063.15 8.31 26 1.12. 
28 4177.76 834 495.3 8.51 SS89.14 8.81 1.18 1.60 
29 3609.69 8.19 272O7 7.91 2163.20 7.68 0.75 0.60 
30 44-83.17 8.41 52254 3.56 5587.50 8.63 1.16 12S 
32 4058.04 8.3 3531.47 8.17 3O8287 8.03 O.8 O.76 

Mean 34288 3.0 390 2 4077 8.25 1.5 120 
SD 1304.23 0.41 14S124 0.36 1554.69 0.37 0.3 0. 
CW 3S31 5.08 SSSO 4.4S 38.2 4.46 282 27.33 

Median 3352.69 8.2 375.95 8.23 3762.50 8.23 1.2 112 
Geo Mean S292.93 8.09 357124 820 380 24 1.1 1.16 

Fed/Fasting Ratio (Morning Dosing) Night/Morning Ratio 

Ratio of Means 1.0 Ratio of Means s 
Ratio of Geo Means 1.11 Ratio of Geo Means 1.6 
Avg of individual Ratl. 1.15 Avg of Individual Ratios 120 

Fig. 9A 
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Formulation According to Embodiment of invention 

Open Capsules Sprinkled on Apples auco (A) 
Subject AUC 

3937.18 
2 379289 
3 1616.35 
A. 8209.44 

27.26 
6 5710.90 
7 1983.56 
B 386246 
9 6069,65 
O 3907.33 

11 3842.58 
12 483.82 
13 270785 

2553.27 
15 2O42.47 
16 465.0.14 
f 3705.72 

19 7881.69 
2 SSOO 
22 2138.4 
23 3983.50 
24 393951 
25 2318.36 
27 2O609 
28 2871.31 
29 43.05.1 
30 3190.7 
3. 3.422.6 
33 4O67 
34 2969.19 

ean 3859.7 
SD 664.90 
CW 4.4 

Median 387.4 
Geo Mean 3546.16 

Test Ref Ratio 
Ratio of Means 
Ratio of Geo Means 
Avg of individual Ratlos 
9. C. 
intracW 

Log Cmax 
828 
824 
7.39 
90 
7.68 
8.65 
7.59 
8.2S 
8.7 
8,27 
8.25 
8.49 
7.90 
7.85 
7.62 
8.44 
B22 
8.97 
8.72 
7.67 
829 
828 
7.75 
7.63 
7.96 
837 
8.0 
8.4 
SO 

8.00 

8.7 
O2 
5. 
3.25 
8.6 

94.6 
93.93 
0.95 
8-99 
13.47. 

Fig. 10B 

Capsule intact (B) 
AUCt 
325162 
5502,18 
2358.22 
795429 
2452.7B 
70823. 
2624.03 
31,453 
4585,60 
6393. 
4292.30 
6493.87 
3922.90 
2159.8B 
292.70 
4769.32 
346489 
6851.45 
6292.65 
193352 
5177.74 
3517.56 
2016.26 
1928.02 
33 12.87 
3559.57 
3565.88 
302.7 
52O552 
3.255.28 

98.47 
17024 
41.6 

3538.S. 
3773.43 

Log Cmax 
8.09 
8,61 
7.77 
8.98 
780 
8.87 
7.87 
8.04 
843 
8,76 
8.36 
8.78 
827 
7.68 
7.97 
847 
8.5 
883 
8.75 
757 
8.55 
8.7 
7.61 
755 
8. 
8.18 
8. 
E.O1 
8SS 
8.09 

8.24 
0.4 
S.O.3 
3. 
8.23 

US 2009/0118256 A1 

(A:B) 
Ratio 
1.21 
0.69 
0.69 
1.03 
0.89 
O.8 
O.76 
124 
32 

0.6 
0.90 
O75 
0.69 
1.18 
O.O. 
0.98 
107 
1.5 
0.98 
1. 
O.77 
1.12 
1.15 
O7 

0.87 
12 
O.89 
14 

0.94 
0.91 

0.96 
0.20 
20.69 
O.S 
0.94 
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Diltiazem Cmax Results 

Formulation According to Embodiment of invention 

Open Capsule Sprinkled on Apple sauce (A) Capsule Ints ct (B) (A:B) 
Subject Trax Cmax Log Cmax Trnax Crnax log Cmax Ratio 

f 13.O 184.35 S.22 3.0 228.99 5.43 0.81 
2 14.O 192.44 5.26 2O 286.72 5.66 O,67 
3 13.O 103.87 4.64 2.0 27.07 A84 0.82 
4. 1OO 372.93 5.92 8.0 298.05 5.70 1.25 
5 14.O 107.71 468 6.0 147.84 5.OO O.73 
6 3.0 244.87 5.50 15.0 315.48 5.75 O.78 
7 14.O 115.23 4.75 16.O 35.27 4.91 O.85 
B 3.0 257.26 555 5.0 179.11 5.19 44 
9 80 232.12 S.45 10.0 194.37 5.27 1.19 
O 16.O 7220 5.15 15.0 28.81 5.64 O.61 

11 13.0 1774 SB 8.0 181.17 5.20 0.98 
12 3.0 225.55 5.42 10.O 327.23 5.79 0.69 
3 15.0 35.86 4.91 15.0 213,37 5.36 0.64 
4. 150 54.65 SO4 14.0 135.94 4.91 14 
15 12.0 114.81 4.74 15.0 18180 52O 0.63 
16 15.O 2.94.21 568 13.0 296.58 569 O.99 
17 15,O 87.32 5.23 15.0 183.62 5.2 1.02 
19 16.0 385.36 5.95 15.O 376.57 5.93 1.02 
2. 15.O. 3.18.06 5.76 O.O. 276.15 5.62 1.15 
22 40 14.40 474 14.0 97.24 4.58 1.18 
23 120 2SO2O SSS 2O 346.74 5.85 0.75 
24 14.0 216 5.35 16.0 2O2.88 5.31 O4 
25 4. 155.98 5.05 15.0 125.66 483 24 
27 18.0 79.65 4.38 6.0 67.35 42 1.18 
28 16.O 24.76 : 4.33 16.0 165.01 5.11 0.76 
29 S.O. 225.58 5.42 O.O 164,02 SO 138 
3O 14.0 168.54 5.2 SO 165.4 5.11 1.01 
31 15.O 134.14 4.90 14.0 135.19 49 0.99 
33 13.0 282.O 5.64 16.0 275.33 5.62 O2 
34 OO 118.88 4.78 15.0 155.15 5.04 0.77 

Mear 13.7 195.00 S. 3.5 208.90 5.27 O.96 
SD 80.09 O4 2.5 80.27 0.41 O23 
CW 13. 41,07 3. 183 38.43 7.73 24.25 

Median 14.0 18088 S.20 150 182.7 5.2.1 0.9 
Geo Mean 13.5 180.09 5.18 13.3 193.65 5.25 O.93 

Test/Ref Ratio 
Ratio of Means 95 
Ratio of Geo Means 3.00 
Avg of individual Ratios O.96 
O. C. 86-99, 
intra-CW 16.07% 

Fig. 10C 
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FIG. II 

Change from Baseline to Endpoint in Total Duration of Exercise as 
Measured by TMST Performed at Trough Period (Primary Wariable) 
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FIG. I2 

Change from Baseline to Endpoint in Total Duration of Exercise as 
Measured by TMST Performed at Peak Period (7-11 AM) 
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FIG. 13 

Overview of Treatment-Emergent Adverse Events (TEAE) and 
Treatment-Related TEAE 
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CHRONOTHERAPEUTC DLTAZEM 
FORMULATIONS AND THE 

ADMINISTRATION THEREOF 

FIELD OF INVENTION 

0001. This invention relates to once daily preparations 
comprising Diltiazem and pharmaceutically acceptable salts 
thereof, such as the hydrochloride salt, suitable for evening 
administration to patients Suffering hypertension and/or 
angina. This invention also relates to a method for evening 
administration of such once daily preparations to patients for 
the treatment and prevention of the patients myocardial 
ischemia and angina. 

BACKGROUND OF THE INVENTION 

0002 Diltiazem, a benzothiazepine, is an orally active 
calcium channel blocker (calcium-antagonist) with relatively 
high selectivity for vascular smooth muscle that is effective in 
the treatment of hypertension and angina pectoris. Today, 
persons having these conditions take prescribed once daily 
preparations of Diltiazem generally to maintain constant lev 
els of the drug in the body over a 24-hour period. Until 
recently the timing of the taking of the medicine wasn't 
considered an important consideration by the medical com 
munity. Doctors generally did not take into account the natu 
ral circadian variation in the body's physiological functions. 
Researchers have now found that the timing of the taking of a 
medicine can affect the way the human body responds to the 
medicine. The science of treating the human body taking into 
account the natural circadian variation is Chronotherapeutics. 
Chronotherapeutics relies on the practice of delivering the 
correct amount of medication to the correct site of action at 
the most appropriate time period for the particular disease or 
condition. 
0003. In man, blood pressure does not remain constant 
during day and night Early in the morning blood pressure 
begins to rise from the low levels reached during sleep. 
Increases in blood pressure are accompanied by increases in 
heart rate caused by the chemicals generated by the body and 
delivered into the blood stream. Epidemiological studies have 
indicated that the greatest incidence ofheart problems such as 
stroke, heart attack, myocardial ischemia and Sudden cardiac 
death occur during the early morning waking hours when the 
blood pressure is rising in response to the natural circadian 
rhythm. After normally rising in the morning, blood pressure 
remains elevated during the day until generally early evening 
when it starts to fall to its lowest level during sleep. 
0004. In one study, evening medication with Diltiazem for 
treatment of hypertension for effect the next morning has 
been stated to be more efficacious than other dosage sched 
ules. Administration Time-Dependent Effects of Diltiazem on 
The 24-Hour Blood Pressure Profile of Essential Hyperten 
Sion Patients, Isao Kohno et al. (Chronobiology International 
14(1), 71-84, (1997.) In the report of the study, Herbesser RTM 
(200 mg) was identified as the Diltiazem preparation. Her 
besser RTM is a Diltiazem formulation comprising a mixture 
of immediate release diltiazem-containing microspheres and 
Sustained release diltiazem-containing coated microspheres. 
According to the report, following a single dose (200 mg) 
administration, the time of peak plasma diltiazem concentra 
tion occurred at 12.5 hours after administration. The peak 
plasma diltiazem concentration Cmax in the persons studied 
was 107 mg/ml. Following multiple dosages of 200 mg Dil 

May 7, 2009 

tiazem given over 7 days, the time of peak plasma diltiazem 
concentration (Cmax) was at 10 hours after administration. 
Cmax was 154 mg/ml. 
0005. However a careful review of the report shows incon 
sistencies which cannot support the authors’ conclusions. 
Particularly at page 80, the best results shown in the graph are 
with respect to morning treatment with this formulation. 
Moreover at page 82, the authors themselves acknowledge 
the study cannot lead to reliable conclusions “because the 
number of patients was too small'. Further, an immediate 
release portion of the dosage in the order of 15% is not 
desirable for evening administration. When the blood pres 
Sure is naturally at its lowest, not only is there no need for 
further reduction at that time, but such reduction can harm the 
patient. Particularly, if the blood pressure is reduced below a 
minimum the patient is put at a greater risk for cardiovascular 
accidents including stroke. Further, the 15% immediate 
release diltiazem is no longer available when needed. 
0006. In A comparative study of the steady-state pharma 
cokinetics of immediate-release and controlled-release dilt 
iazem tablets, O. R. Leeuwenkamp et al., Eur. J. Clin. Phar 
macol (1994) 46:243-247, controlled release properties and 
relative systemic availabilities of two dosages of the same 
controlled release diltiazem tablet formulation were studied 
by comparing them as steady state with those of an immediate 
release formulation. In the testing, the diltiazem plasma con 
centration increased slowly from about 6 hours after the 
evening dose of both CR tablets (Diltiazem CR 90 mg and 
Diltiazem CR 120 mg) resulting in relatively high plasma 
concentrations in the early morning hours. The clinicians 
concluded that twice-daily treatment with diltiazem CR tab 
lets can replace thrice-daily treatment with a conventional 
diltiazem IR tablet. According to the clinicians “The early 
morning rise of the diltiazem plasma concentration, which 
might lead to a lower incidence of ischemic events, may bean 
important clinical advantage of both CR tablets.” 
0007. On Apr. 22, 1998, Searle Canada announced that its 
Chronovera (R) (controlled onset extended-release Vera 
pamil) a high blood pressure medication was now available in 
Canada. ChronoVera (R) was, according to Searle Canada, 
specifically designed to work with the body's natural circa 
dian variations and was designed to be taken once-a-day just 
before bedtime. Chronovera provided 24-hour blood pressure 
control but was designed to deliver peak concentrations of 
Verapamil in the morning when the blood pressure, heart rate 
and incidence of cardiovascular events were highest. Accord 
ing to Searle Canada, simply changing the time you take the 
drug your physician has prescribed will not provide the same 
safety and effectiveness that is designed specially for chro 
notherapy using Veraparnil. According to Searle Canada, its 
ChronoVera (R) is unlike traditional medications including 
extended-release (XL) and sustained-release (SR) formula 
tions which are usually prescribed in doses that maintain 
relatively constant levels of the drug in the body over a 
24-hour period or attempt to maintain relatively constant 
levels of the drug in the body over a 24-hour period. Accord 
ing to Searle Canada, the prior formulations do not take into 
account the natural circadian variations in the body's physi 
ological functions. 
0008 Sustained-release, once-daily diltiazem formula 
tions have been taught which may be considered the tradi 
tional medication (according to Searle Canada). They appear 
not to give the benefits meant to be achieved by chrono 
therapy. For example, in Pharmacokinetic Properties and 
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Antihypertensive Eficacy of Once-Daily Diltiazem, J. G. 
Kelly et al., Journal of Cardio-Vascular Pharmacology, 17:6: 
957-963, (1991), the controlled-release formulation of dilt 
iazem released a proportion of the diltiazem relatively rapidly 
with the remainder released over a period extending to 
24-hours. During in vitro dissolution testing 15% of the dil 
tiazem in the dosage form was released in the first two hours, 
54% was released in the first six hours, 89% in the first 13 
hours and all of the remainder was released between 13 and 
24 hours after administration. The diltiazem capsules con 
tained either 120 mg or 240 mg of diltiazem. It should be 
noted that no difference is shown between the placebo and 
dosages in the article at wake-up (between 5:00 a.m. and 8:00 
a.m.). 
0009 U.S. Pat. No. 4,960.596 discloses slow release 12 
hour diltiazem formulations whose dissolution, when mea 
sured in accordance with United States Pharmacopoeia 21, 
purports to be within broad limits (between 5% and 35% after 
one hour, between 15% and 40% after two hours, between 
20% and 50% after three hours, between 30% and 75% after 
four hours, between 40% and 80% after six hours and 
between 55% and 95% after eight hours). The examples in the 
patent, however, provide more specific range limitations 
specifying range limitations for the formulations exemplified 
such as at column 4, lines 8-10 and column 5, lines 60-62. In 
the first series of examples the release into aqueous medium 
was measured using the method of U.S. Pat. No. 21 of 10%- 
20% after one hour, 30%-35% after four hours and 60%-75% 
after eight hours. In the later examples, the release into aque 
ous medium was measured using the method of U.S. Pat. No. 
21 at 15%-35% after one hour, 55%-7.5% after four hours, 
75%-95% after eight hours. These formulations were, how 
ever, twice a day (b.i.d.) formulations. 
0010. A series of patents have issued to Elan Corporation 

p.l.c. involving controlled absorption diltiazem pellet formu 
lations for oral administration in which each pellet has a core 
comprising diltiazem or a pharmaceutically acceptable salt 
thereof in association with a specified organic acid covered by 
an outer membrane which permits release of diltiazem from 
aqueous medium in accordance with U.S. Pharmacopoeia 
XX (Paddle Method) in buffered media at pH 1.5, pH4.0 and 
pH 7.0. These are U.S. Pat. Nos. 4,721,619;4,891,230; 4.894, 
240: 4,917,899; 5,002,776; 5,219,621; 5,336,504; 5,364,620 
and 5,616,345. In U.S. Pat. No. 4,721,619, dissolution rates of 
the pellets of examples are found at column 4, lines 41-49 and 
column 5, lines 5-12. The formulations, however are for 12 
hour. The formulations of U.S. Pat. No. 4,891,230 are also for 
administration every 12 hours. 
0011 U.S. Pat. No. 4,894.240 purports to provide formu 
lations for once-daily administration and specifies a general 
dissolution pattern at column 2, lines 43-52 and a more 
restricted dissolution pattern at column 3, lines 3-12. The 
dissolution rates are determined according to U.S. Pharma 
copoeia XXI in 0.05M KCl at pH 7.0 and at 100 rp.m. The 
examples of the patent, however, provide a more limited 
dissolution pattern under U.S. Pharmacopoeia XXI (Paddle 
Method) at column 7, lines 30-34 and 47-51, at column 8. 
lines 16-20, 32-36 and 49-53 and at column 8, line 66-column 
9, line 5. Similar examples are provided at columns 9, 10, 11 
and 12. Nothing is taught with respect to formulations Suit 
able as chronotherapeutics. 
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0012 U.S. Pat. Nos. 4,917,899, 5,364,620 and 5,616,345 
are to the same effect. So are the remaining Elan patents. 
Nothing in these patents teach formulations suitable as chro 
notherapeutics. 
(0013 U.S. Pat. No. 5,529,790 purports to teach a delayed 
Sustained-release pharmaceutical preparation in which a 
water-soluble drug core is surrounded by a hydratable diffu 
sion barrier which delays drug release for about two to ten 
hours. While diltiazem hydrochloride dissolution patterns 
were provided in accordance with the U.S.P. basket dissolu 
tion method specified, no Cmax or the timing of the maxi 
mum blood levels is provided. The dissolution rates of the 
active are not appropriate for a suitable chronotherapeutic 
(see also U.S. Pat. Nos. 5,376,384 and 5,478,573). 
O014 U.S. Pat. Nos. 5,288,505 and 5,529,791 relate to 
extended-release galenical formulations of diltiazem orphar 
maceutically acceptable salts thereof which comprise beads 
in which the active ingredient is in association with a wetting 
agent and which beads are coated by a microporous mem 
brane. The Cmax of Some formulations given in the patents 
provide for a Cmax after about 8-12 hours. Where the dosing 
of the formulations of the patents yields maximum diltiazem 
blood plasma levels (Cmax) of about 145 ng/ml, the Cmax is 
at about or less than 8 hours. 
0015 The applicants are also aware of a formulation mar 
keted under the trade mark TiazacTM a diltiazem HCl 24-hour 
sustained-release formulation based on teachings of U.S. Pat. 
Nos. 5,529,791 and 5,288,505. 
0016 Following chronic administration of Tiazac (240 mg 
once daily), the average peak plasma Diltiazem concentration 
(Cmax) is 183 ng/ml (multiple dosage) which occurred after 
about 7 hours past dose administration. TiazacTM provides a 
bioavailability of approximately 59% of the total Diltiazem in 
the first 12 hours and 41% in the second 12 hours (after 12 
hours, 59%; after 16 hours 77% and after 20 hours 90%). 
0017. In an article entitled Effect of Morning Versus 
Evening Dosing of Diltiazem On Myocardial Ischemia 
Detected by Ambulatory Electrocardiographic Monitoring in 
Chronic Stable Angio Pectoris, PRAKASH, C. Deedwanian 
et al., The American Journal of Cardiology, Vol. 80, Aug. 15, 
1997, p. 421-425, the authors compare a.m. and p.m. dosing 
without using an appropriate dosage form for p.m. The Tmax 
is achieved between 2-6 hours at steady state. 
0018. In an article The Influence of Time Administration on 
the Pharmacokinetics of a Once A Day Diltiazem Formula 
tion. Morning Against Bedtime, Jean Thiffault et al., Biop 
harmaceutics & Drug Disposition, Vol. 17, 107-115 (1996), 
the once-a-day diltiazem formulation given at 2200 hours for 
seven days gave according to the article 'significantly higher 
plasma concentrations of diltiazem in the early morning 
hours when the incidence of cardiovascular events is higher. 
The diltiazem dosages comprise 240 mg taken at 10:00 p.m. 
(22:00 hours) and maximum concentrations (Cmax) were 
achieved of 120 ng/ml after about six-eight hours of dosing. 
Unfortunately, the proposed system covers only the period 
from 2:00 a.m. to 8:00 a.m. To be a true chronotherapeutic, 
the time period covered should be between about 6:00 a.m. 
and noon. Moreover, this formulation when given at night 
leads to significantly lower bioavailability than if given in the 
morning. 
0019. In the article Effect of Morning Versus Evening Dos 
ing of Diltiazem on Myocardial Ischemia Detected by Ambu 
latory Electrocardiographic Monitoring in Chronic Stable 
Angio Pectoris, PRA KASH, C. Deedwanian et al. The 
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American journal of Cardiology, Vol. 80, Aug. 15, 1997, p. 
421-425, the authors report that both AM and PM adminis 
tration of 480 mg Dilacor XR decreased the duration and 
number of episodes of myocardial ischemia in patients with 
chronic stable angina based on the 48-hour ambulatory elec 
trocardiographic monitoring (AEM). There was no statisti 
cally significant difference between the two groups. How 
ever, the AM group demonstrated a 50% decrease in duration 
and a 70% decrease in number of episodes of myocardial 
ischemia compared to the PM group. 
0020. It is therefore an object of this invention to provide 
diltiazem preparations suitable for once-a-day administration 
in the evening for providing effective dosage amounts in the 
blood of diltiazem in the morning when blood pressure begins 
to rise from the low levels reached during sleep, so as to be 
Suitable as a chronotherapeutic preparation. 
0021. It is a further object of this invention to provide a 
method of administration of the diltiazem preparations Suit 
able as a chronotherapeutic so as to be effective in the morn 
ing at a time when the patient has most need of the diltiazem 
preparation. 
0022. Further and other objects of the invention will be 
realized by those skilled in the art from the following sum 
mary of the invention and detailed description of embodi 
ments thereof. 

SUMMARY OF THE INVENTION 

0023. According to one aspect of the invention, there is 
provided a controlled-release Galenical preparation (such as 
a tablet and a capsule) of pharmaceutically acceptable Dilfi 
aZem including the pharmaceutically acceptable salts thereof, 
Such as the hydrochloride salt, Suitable for evening dosing 
every 24hours containing from about 120 mg to about 540 mg 
or more (as desired) of the form of Diltiazem associated with 
excipients to provide controlled (sustained) release of the 
form of Diltiazem for providing a Cmax of Diltiazem in the 
blood at between about 10 hours and about 15 hours (prefer 
ably about 11-about 13 hours) after administration, the prepa 
ration comprising the form of Diltiazem in oral Sustained 
release dosage form in which the Diltiazem is adapted to be 
released after administration over a prolonged period of time 
and the preparation is adapted to release the Diltiazem 
(i) into an aqueous medium at the following rates measured 
using the method of United States Pharmacopoeia No. XXIII 
(at 100 rpm in 900 ml of water): 

0024 (a) between about 1% and about 15% after about 
2 hours, preferably between about 4% and about 8% 
after 2 hours; 

(0025 (b) between about 7% and about 35% after about 
4 hours preferably between about 16% and about 21% 
after 4 hours; 

(0026 (c) between about 30% and about 58% after about 
8 hours preferably between about 44% and about 52% 
after 8 hours; 

(0027 (d) between about 55% and about 80% after about 
14 hours preferably between about 69% and about 76% 
after about 14 hours; and 

(0028 (e) in excess of about 75% after about 24 hours 
and preferably more than about 85% after 30 hours. 

and/or (ii) into a buffered medium (such as, for example, 
phosphate buffer (U.S.P.)) having a pH between about 5.5 and 
about 6.5, preferably about 5.8 at the following rates mea 
sured using the method of United States Pharmacopoeia No. 
XXIII at 100 rpm in 900 ml of the buffered medium: 
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0029 (a) between about 1% and about 25% after about 
2 hours, preferably between about 4% and about 15% 
after 2 hours; 

0030) (b) between about 7% and about 45% after about 
4 hours preferably between about 16% and about 30% 
after 4 hours; 

0031 (c) between about 30% and about 68% after about 
8 hours preferably between about 44% and about 62% 
after 8 hours; 

0032 (d) in excess of about 75% after about 24 hours 
and preferably more than 80% after 24 hours. 

0033 Preferably no initial retard or delay is built into the 
preparation retarding/delaying release of Diltiazem from the 
preparation. Preferably the release rate from the preparation 
of the Diltiazem is less than about 15% of the total active per 
hour during dissolution. The preparation may be a diffusion 
controlled preparation Such as, for example, a preparation 
incorporating the use of microgranules found, for example, in 
capsules and tablets; tablets; and coated tablets. 
0034. The preparation may comprise a plurality of micro 
granules or pellets, each microgranule comprising a central 
core or bead containing the form of diltiazem coated with a 
microporous membrane. The microgranules or pellets may be 
included in a capsule, which dissolves when swallowed to 
release the microgranules or pellets. The preparation may 
also comprise a tablet in which the microgranules have been 
compressed to form the tablet. When compressed into tablet 
form, wax placebo beads (as known by persons skilled in the 
art) are preferably included to absorb the shock placed on the 
microgranules (core and membrane) during the tableting pro 
cess. By doing so, the integrity of the microgranules contain 
ing the Diltiazem active remains intact and the release rate 
from the preparation is not affected. The tablet may also be 
coated or uncoated. The preparation may also comprise a 
Sustained-release tablet coating from which preparation the 
Diltiazem is released. In this regard, the Sustained release 
coating may be applied (sprayed onto) to each tablet. 
0035. Where the preparation comprises microgranules or 
pellets (for example) in the capsule or tablet (made, for 
example, by compressing the microgranules (with preferably 
wax placebo beads)), the central core may comprise Dilt 
iazem or a pharmaceutically acceptable salt thereof associ 
ated with a wetting agent. The Diltiazem may be mixed (in 
whole or in part) with the wetting agent or may not be mixed 
with the wetting agent. The wetting agent assists to maintain 
the solubility. of the Diltiazem in each microgranule, ensur 
ing that the solubility of the Diltiazem is unaffected by the pH 
of the gastrointestinal tractor other adverse conditions which 
each of the microgranules of the preparation will meet in the 
gastrointestinal tract. 
0036. If the Diltiazemand/or pharmaceutically acceptable 
salt is not mixed with the wetting agent then the microporous 
membrane should comprise with Suitable adjuvants, a water 
dispersible or water-soluble polymer (such as HPMC) and a 
water-, acid- and base-insoluble polymer of a neutral acrylic 
polymer such as Eudragit NE30D (a neutral copolymer of 
acrylic acid ethyl ester and acrylic acid methyl ester) which 
hydrates the microgranule (including core). If the composi 
tion comprises a mixture of the Diltiazem and/or pharmaceu 
tically acceptable Salt with the wetting agent, the microporous 
membrane is preferably the same. However, it may also com 
prise any suitable membrane which gives to the preparation 
the required dissolution characteristics. 
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0037. In this regard, the preferred microporous membrane 
comprises Eudragit NE30D and hydroxypropylmethylcellu 
lose. This membrane will hydrate the core within the 
microporous membrane which, for example, may contain 
diltiazem Surrounding a neutral pellet of Sugar. The Eudragit 
NE30D in the membrane expands when it encounters gas 
trointestinal fluid to greater than 365% of its original size 
(elongation). This expandability of the membrane gives it the 
ability to hydrate the membrane and core. The mechanism of 
release is postulated to be that the membrane will swell while 
the fluids penetrate and hydrate the core and dissolve the 
diltiazem and wetting agent. This mechanism is, it is thought, 
driven by the concentration gradient through the membrane 
(high concentration inside and low concentration outside). 
0038. When Eudragit RS and Eudragit RL are combined 
to form the microporous membrane, the membrane can 
expand only very little before breakage or fracturing. The 
reason is that Eudragit RS expands minimally (about 6%) 
before the membrane material breaks or fractures changing 
its release mechanism from the core. Thus, the mechanism of 
release from this membrane is thought to be by “washing the 
diltiazem through pores created when a plasticizer incorpo 
rated in the membrane is released in the gastrointestinal fluid. 
The diltiazem at the outer surface of the core would be washed 
from the core through the pores of the microporous mem 
brane, then the diltiazem next presenting itself to the fluids 
after “washing of the uppermost (outermost) diltiazem, and 
SO. O. 

0039 Instead of the wetting agent, any other suitable dis 
solution agent may be used to assist the release of the Dilt 
iazem from the preparation. For example, instead of the pre 
ferred surface active (wetting) agent (Surfactant), an organic 
acid (Such as adipic acid, ascorbic acid, citric acid, fumaric 
acid, malic acid, Succinic acid, tartaric acid and the like) may 
be incorporated in the core. In this regard, the presence of the 
organic acid in the core permits the diltiazem in the core to 
dissolve when the composition passes into the higher pH 
regions of the gastrointestinal tract of the intestine at which 
pH diltiazem is much less soluble. 
0040. One of the membranes, which may be used (though 
not preferred) is the combination of Eudragit RS and Eudragit 
RL disclosed in U.S. Pat. No. 4,721,619. (See column 1, lines 
55-68 and column 2, lines 44-68.) The 619 patent also men 
tions the use of hydroxypropylmethylcellulose as a water 
soluble membrane. The mechanism of release in this case is 
not by hydration of the core but rather by “washing the 
Diltiazem through the pores created in the membrane (for 
example when the plasticizer in the membrane is released in 
the gastrointestinal fluid). 
0041. The Diltiazem may be present in the core in, for 
example, the hydrochloride salt form, in which event no dis 
Solution agent may be required in the core. Suitable prepara 
tions such as capsules of the microgranules making up the 
total Diltiazem active present, may comprise, in the core, 
Diltiazem hydrochloride between about 50% and about 85% 
(% w/w of the total preparation (for example, about 69% to 
about 73%)), a wetting agent (such as Sucrose Stearate) 
between about 2% and about 25% (% w/w of the total prepa 
ration) (for example about 7% to about 8%) together with 
Suitable adjuvants in the core, and in the membrane between 
about 0.1% and about 2% of the total preparation of water 
soluble and/or water-dispersible polymer such as hydrox 
ypropylmethylcellulose (for example about 0.3% to about 
0.6%), and between about 5% and about 20% (% w/w of the 
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preparation) of a neutral copolymer of acrylic acid ethyl ester 
and acrylic acid methyl ester (such as Eudragit NE30D) (for 
example about 7% to about 11%). 
0042. The microgranules may also be compressed into 
tablets using Suitable excipients. The percentages may be as 
described above. The tablets may be manufactured, as dis 
cussed above, using the microgranules with wax placebo 
beads and compressing the combination into tablets in the 
presence of for example, hydrogenated vegetable oil, sodium 
starch glycolate and silicone dioxide which have been 
blended with the microgranules and wax placebo beads 
before tableting. The tablets may then be coated or uncoated. 
0043. According to another aspect of the invention, there 

is provided a controlled-release Galenical preparation (Such 
as a tablet and a capsule) of pharmaceutically acceptable 
Diltiazem including the pharmaceutically acceptable salts 
thereof, such as the hydrochloride salt, suitable for evening 
dosing every 24 hours containing from about 120 mg to about 
540 mg or more (as desired) of the form of Diltiazem associ 
ated with excipients to provide controlled (sustained) release 
of the form of Diltiazem for providing a Cmax of Diltiazem in 
the blood at between about 10 hours and about 15 hours 
(preferably about 11-about 13 hours) after administration, the 
preparation comprising the form of Diltiazem in oral Sus 
tained-release dosage form in which the Diltiazem is adapted 
to be released after administration over a prolonged period of 
time and exhibits when given to humans 
(i) a higher bioavailabibty when given at night compared to 
when given in the morning without food according to FDA 
guidelines or criteria and 
(ii) bioequivalence when given in the morning with food 
(such as a standardized FDA breakfast) and without food 
according to the same FDA guidelines or criteria. 
0044) The FDA guidelines are those entitled: 
“GUIDANCE ORAL EXTENDED (CONTROLLED) 
RELEASE DOSAGE FORMS IN VIVO BIOEQUIVA 
LENCE AND IN VITRO DISSOLUTION TESTING" pre 
pared under 21 CFR 10.90(b)(9) by Shrikant V. Dighe, Ph.D., 
Director, Division of Bioeduivalence Office of Generic Drugs 
dated Sep. 3, 1993 and concurred by Roger L. Williams, 
M.D., Director, Office of Generic Drugs, Center for Drug 
Development Research dated Sep. 4, 1993 which is incorpo 
rated herein by reference; and 
“GUIDANCE STATISTICAL PROCEDURES FOR 
BIOEQUIVALENCE STUDIES USING A STANDARD 
TWO-TREATMENT CROSSOVER DESIGN prepared 
under 21 CFR 10.90(b)(9) by Mei-Ling Chem, Ph.D., Divi 
sion of Bioeduivalence Review Branch II dated Jun. 12, 1992 
and Rabindra Patnaik, Ph.D., Division of Bioeduivalence 
Review Branch II dated Jun. 26, 1992, approved by Shrikant 
V. Dighe, Ph.D., Director, Division of Bioeduivalence dated 
Jun. 29, 1992 and concurred by Roger L. Williams, M.D., 
Director, Office of Generic Drugs dated Jun. 29, 1992 which 
is incorporated herein by reference. 
In small part the said “GUIDANCE' documents provide as 
follows: 

0.045 Pharmacokinetic Analysis of Data: Calculation 
of area under the plasma concentration-time curve to the 
last quantifiable concentration (AUC) and to infinity 
(AUC), C, and T should be performed accord flex f 

ing to standard techniques. 
0046 Statistical Analysis of Pharmacokinetic Data: 
The log transformed AUC and C data should be ana 
lyZed Statistically using analysis of variance. These two 
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parameters for the test product should be shown to be 
within 80-125% of the reference product using the 90% 
confidence interval. See also Division of Bioeduivalence 
Guidance Statistical Procedures for Bioeduivalence 
Studies Using a Standard Two-Treatment Crossover 
Design. 

0047 Statistical Analysis of Pharmacokinetic Data: 
The log transformed AUC and C data should be ana 
lyZed Statistically using analysis of variance. These two 
parameters for the test product should be shown to be 
within 80-125% of the reference product using the 90% 
confidence interval. Fluctuation for the test product 
should be evaluated for comparability with that for the 
reference product. For further information on statistical 
analysis, see the Division of Bioeduivalence Guidance 
Statistical procedures for Bioeduivalence Studies Using 
a Standard Two-Treatment Crossover Design. 

0048 2. Multiple Dose Studies 
0049. At a minimum, the following pharmacokinetic 
parameters for the substance(s) of interest should be 
measured in a multiple dose bioeduivalence study: 

0050 a. Area under the plasma/blood concentration 
time curve from time Zero to time a overa dosing interval 
at steady state (AUC), where t is the dosing interval. 

0051 b. Peak drug concentration (C) and the time to 
peak drug concentration (T,), obtained directly from 
the data without interpolation, after the last dose is 
administered. 

0.052 c. Drug concentrations at the end of each dosing 
interval during steady state (C). 

0053 d. Average drug concentration at steady state 
(C), where C-AUCo?t. 

0054 e. Degree of fluctuation (CF) at steady state, 
where DF=100%x(C-C)/C. 

0055 Evidence of attainment of steady state for the test 
and reference products should be submitted in the 
bioeduivalence study report. 
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mates for the adjusted differences between treatment 
means and the standard error associated with these dif 
ferences. 

0063. The two one-sided hypotheses at the CL=0.05 level 
of significance should be tested for AUC and C by 
constructing the 90% confidence interval for the ratio 
between the test and reference averages. 

0064 III. Logarithmic Transformation of Pharmacoki 
netic Data 
0065 A. Statistical Assumptions 

0.066. The assumptions underlying the ANOVA are (5): 
0067. 1. Randomization of samples 
0068 2. Homogeneity of variances 
0069. 3. Additivity (linearity) of the statistical model 
0070 4. Independency and normality of residuals 
0071. In bioequivalence studies, these assumptions can 
be interpreted as follows: 

0.072 1. The subjects chosen for the study should be 
randomly assigned to the sequences of the study. 

0073 2. The variances associated with the two treat 
ments, as well as between the sequence groups, should 
be equal or at least comparable. 

0074 3. The main effects of the statistical model, such 
as Subject, sequence, period and treatment effect for a 
standard 2x2 crossover study, should be additive. There 
should be no interactions between these effects. 

0075 4. The residuals of the model should be indepen 
dently and normally distributed. In other words, data 
from bioequivalence studies should have a normal dis 
tribution. 

0.076 If these assumptions are not met, additional steps 
should be taken prior to the ANOVA including data 
transformation to improve the fit of the assumptions or 
use of a nonparametric statistical test in place of 
ANOVA. However, the normality and constant variance 
assumptions in the ANOVA model are known to be 
relatively robust, i.e., small or moderate departure from 
each (or both) of these assumptions will not have a 
significant effect on the final result. 0056 B. Statistical Analysis 

0057 Parametric (normal-theory) general linear model 0077 B. Rationale for Log Transformation 
procedures are recommended for the analysis of phar- 0078 1. Clinical Rationale 
macokinetic data derived from in vivo bioequivalence 
studies. An analysis of variance (ANOVA) should be 
performed on the pharmacokinetic parameters AUC and 
C, using General Linear Models (GLM) procedures 
of SAS (4) or an equivalent program. Appropriate sta 
tistical models pertaining to the design of the bioeduiva 
lence study should be employed. For example, for a 
conventional two-treatment, two-period, two-sequence 
(2x2) randomized crossover study design, the statistical 
model often includes factors accounting for the follow 
ing sources of variation: 

0.058 1. Sequence (sometimes called Group or Order) 
0059 2. Subjects, nested in sequences 
0060. 3. Period (or Phase) 
0061 4. Treatment (sometimes called Drug or Formu 
lation) 

0062. The sequence effect should be tested using the 
Subject (sequence) mean square from the ANOVA as an 
error term. All other main effects should be tested 
against the residual error (error mean square) from the 
ANOVA. The LSMEANS Statement should be used to 
calculate least squares means for treatments. The ESTI 
MATE statement in SAS should be used to obtain esti 

0079. In a meeting in September 1991, the Generic 
Drugs Advisory Committee (GDAC) concluded that the 
primary comparison of interest in a bioequivalence 
study was the ratio rather than the difference between 
average parameter data from the test and reference for 
mulations. Using log transformation, the general linear 
statistical model employed in the analysis of bioeduiva 
lence data allows inferences about the difference 
between the two means on the log scale, which can then 
be retransformed into inferences about the ratio of the 
two averages (means or medians) on the original scale. 
Log transformation thus achieves the general compari 
son based on the ratio rather than the difference (6). 

0080 2. Pharmacokinetic Rationale 
I0081 Westlake (7.8) observed that a multiplicative 
model is postulated for pharmacokinetic parameters in 
bioavailability/bioequivalence studies, i.e., AUC and 
C (but not T). Assuming that elimination of the 
drug is first order and only occurs from the central com 
partment, the following equation holds after an extravas 
cular route of administration: 
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0082 where F is the fraction absorbed, D is the admin 
istered dose, and FD is the amount of drug absorbed. CL 
is the clearance of a given Subject which is the product of 
the apparent volume of distribution (V) and the elimina 
tion rate constant (K). 
*Note that a more general equation can be written for any multi-com 
partmental model as AUCo-FD/(V) where V is the volume of 
distribution relating drug concentration in plasma or Étood to the amount 
of drug in the body during the terminal exponential phase, and is the 
terminal slope of the concentration-time curve. 

0083. The use of AUC as a measure of the amount of 
drug absorbed thus involves a multiplicative term (CL) 
which might be regarded as a function of the subject. For 
this reason, Westlake contends that the subject effect is 
not additive if the data is analyzed on the original scale 
of measurement. 

I0084 Logarithmic transformation of the AUC data will 
bring the CL (VK) term into the equation in an additive 
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division of Bioeduivalence recognizes that the limited 
sample size (20-30 subjects) in a bioequivalence study 
precludes a reliable determination of the underlying nor 
mal distribution of the data set either with or without log 
transformation. 

0093. C. General Procedures 
0094 Based on the arguments in the preceding section, 
the Division of Bioeduivalence recommends that the 
pharmacokinetic parameters AUC and C be log trans 
formed. Firms are not encouraged to test for normality of 
data distribution after log transformation, nor should 
they employ normality of data distribution as a justifi 
cation for carrying out the statistical analysis on the 
original scale. Robustness of a balanced study to nor 
mality of the data plus use of log transformation will be 
adequate in most cases. 

(0.095 If a firm believes that the data of a particular 
fashion. bioeduivalence study should be statistically analyzed on 

the original scale rather than the log scale, justification 
based upon a Sound scientific rationale, as well as the 
statistical methods to be used, ought to be submitted to 
and reviewed by the Division of Bioeduivalence. 

0096. Thus, according to another aspect of the invention, 
the results of biostudies employing a formulation according 
to an embodiment of the invention, clearly show that when 
given at different times (P.M. or A.M. dosing) and under 
different conditions (with and without food) though they 
achieve their maximum bioavailability at the same T, 

1nC-1n +1ND-1NV-KT when the formulation is given at night (no food) a higher 
I0087 Log transformation of the C data also results bioavailability (for example a significantly higher bioavail 

in the additive treatment of the V term. ability exceeding 25% (C) is attained than when given in 
0088. 3. Statistical Rationale the morning without food (according to FDA guidelines) and 
I0089 Logarithmic transformation of the data from bioequivalence when given with food or without food in the 
bioeduivalence studies can be used to circumvent the use morning according to the FDA guidelines. 
of estimates of the reference product average for com- 0097. According to another aspect of the invention, a 
putation of the confidence interval for the ratio of prod- method of treatment of a patient's hypertension and/orangina 
luctaverages. This is an advantage for the cases where a is provided comprising administration of a preparation of 
least squares estimate for the reference product mean is Diltiazem described above, to the patient in the evening for 
not well defined. Standard parametric methods are ill- example at about 7:00-about 11:00 p.m. for effective treat 
Suited to making inferences about the ratio of two aver- ment of the patient's hypertension and/or angina the next 
ages, though some valid methods do exist (9). Log trans- morning, for example between about 6:00 a.m. and about 

I0085 Similar arguments were given for C. The fol 
lowing equation applies for a drug exhibiting one com 
partmental characteristics: 

I0086 where again F, D and V are introduced into the 
model in a multiplicative manner. However, after loga 
rithmic transformation, the equation becomes 

formation changes the problem to one of making OO. 
inferences about the difference (on the log scale) of two 0098. According to another embodiment of the invention a 
averages, for which the standard methods are well method of treatment of a patient's hypertension and/orangina 
Suited. is provided comprising administration of a preparation which 

0090. Many biological data correspond more closely to 
a log-normal distribution than to a normal distribution. 
The plasma concentration data including the derived 
parameters AUC and C tend to be skewed, and their 
variances tend to increase with the means. Log transfor 
mation is likely to remedy this situation and make the 
variances independent of the mean. In addition, fre 
quency distributions skewed to the left (with a long tail 
to the right) are often made more symmetrical by log 
transformation. 

0091. This argument is actually less persuasive than the 

exhibits a higher bioavailability (exceeding, for example, 
25%) when given at night compared to when given in the 
morning without food according to FDA guidelines or criteria 
and bioequivalence when given with food (for example given 
a standardized FDA breakfast) and without food according to 
the same FDA guidelines or criteria. Thus a 24-hour diltiazem 
preparation is provided wherein the Cmax of diltiazem in the 
blood is provided from about 10-15 hours after administra 
tion of a single dosage to a patient or about 9-15 hours after 
multiple dosages over a number of days and displays the 
dissolution pattern described above determined according to 

argument based on the additivity of the statistical model USP 23, page 1791 using Apparatus 1. Apparatus 1 is 
because it is based largely on the between-subject dis- described as consisting of the following: 
tribution of AUC and C values. Forcrossover studies, 0099 a covered vessel made of glass or other inert, 
it is largely the within-subject distribution of values that 
determines the validity and efficiency of the standard 
parametric methods of analysis. 

0092. Despite the arguments regarding the effect of log 
transformation on normality of bioequivalence data, the 

transparent material'; a motor; a metallic drive shaft; 
and a cylindrical basket. The vessel is partially 
immersed in a Suitable water bath of any convenient size 
that permits holding the temperature inside the vessel at 
37+0.5° during the test and keeping the bath fluid in 
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constant, Smooth motion. No part of the assembly, 
including the environment in which the assembly is 
placed, contributes significant motion, agitation, or 
vibration beyond that due to the smoothly rotating stir 
ring element Apparatus that permits observation of the 
specimen and stirring element during the test is prefer 
able. The vessel is cylindrical, with a hemispherical 
bottom. It is 160 to 175 mm high, its inside diameter is 
98 to 106 mm, and its nominal capacity is 1000 mL. Its 
sides are flanged at the top. A fitted cover may be used to 
retard evaporation. The shaft is positioned so that its 
axis is not more than 2 mm at any point from the vertical 
axis of the vessel and rotates smoothly and without 
significant wobble. A speed-regulating device is used 
that allows the shaft rotation speed to be selected and 
maintained at the rate specified in the individual mono 
graph, within t4%. 
The materials should not sorb, react, or interfere with the specimen 
being tested. 
* If a cover is used, it provides sufficient openings to allow ready inser 
tion of the thermometer and withdrawal of specimens. 

0100 Shaft and basket components of the stirring ele 
ment are fabricated of stainless steel, type 316 or equiva 
lent, to the specifications shown in FIG. 1. Unless oth 
erwise specified in the individual monograph, use 
40-mesh cloth. A basket having a gold coating 0.0001 
inch (2.5 um) thick may be used. The dosage unit is 
placed in a dry basket at the beginning of each test. The 
distance between the inside bottom of the vessel and the 
basket is maintained at 25t2 mm during the test. 

0101 (taken from USP23) 
0102) According to another aspect of the invention, a 
method of treating and preventing myocardial ischemia and 
angina in a patient is provided comprising administration of a 
preparation of Diltiazem described above, to the patient in the 
evening for example at about 6:00-about 8:00 p.m. for effec 
tive treatment or prevention of the myocardial ischemia and 
angina the next morning, for example between about 7:00 
a.m. and about 11:00 a.m. 
0103) According to another aspect of the invention, a 
method of treating and preventing myocardial ischemia and 
angina in a patient is provided comprising administration of a 
preparation of Diltiazem described above, to the patient in the 
evening for example at about 6:00-about 8:00 p.m. for effec 
tive treatment or prevention of the myocardial ischemia and 
angina over a twenty-four hour period. 
0104. According to another embodiment of the invention a 
method of treating myocardialischemia is provided compris 
ing administration of a preparation which exhibits a higher 
bioavailability (exceeding, for example, 25%) when given at 
night compared to when given in the morning without food 
according to FDA guidelines or criteria and bioeduivalence 
when given with food (for example given a standardized FDA 
breakfast) and without food according to the same FDA 
guidelines or criteria. 
0105 Thus a 24-hour diltiazem preparation is provided 
wherein the Cmax of diltiazem in the blood is provided from 
about 10-17 hours after administration of a single dosage to a 
patient or about 9-15 hours after multiple dosages over a 
number of days and displays the dissolution pattern described 
above determined according to USP 23, page 1791 using 
Apparatus 1. Apparatus 1 is described as consisting of the 
following: 

0106 a covered vessel made of glass or other inert, 
transparent material'; a motor; a metallic drive shaft; 
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and a cylindrical basket. The vessel is partially 
immersed in a Suitable water bath of any convenient size 
that permits holding the temperature inside the vessel at 
37+0.5° during the test and keeping the bath fluid in 
constant, Smooth motion. No part of the assembly, 
including the environment in which the assembly is 
placed, contributes significant motion, agitation, or 
vibration beyond that due to the smoothly rotating stir 
ring element. Apparatus that permits observation of the 
specimen and stirring element during the test is prefer 
able. The vessel is cylindrical, with a hemispherical 
bottom. It is 160 to 175 mm high, its inside diameter is 
98 to 106 mm, and its nominal capacity is 1000 mL. Its 
sides are flanged at the top. A fitted cover may be used to 
retard evaporation. The shaft is positioned so that its 
axis is not more than 2 mm at any point from the vertical 
axis of the vessel and rotates smoothly and without 
significant wobble. A speed-regulating device is used 
that allows the shaft rotation speed to be selected and 
maintained at the rate specified in the individual mono 
graph, within t4%. 
The materials should not sorb, react, or interfere with the specimen 

being tested. 
* If a cover is used, it provides sufficient openings to allow ready inser 
tion of the thermometer and withdrawal of specimens. 

0.107 Shaft and basket components of the stirring ele 
ment are fabricated of stainless steel, type 316 or equiva 
lent, to the specifications shown in FIG. 1. Unless oth 
erwise specified in the individual monograph, use 
40-mesh cloth. A basket having a gold coating 0.0001 
inch (2.5 um) thick may be used. The dosage unit is 
placed in a dry basket at the beginning of each test. The 
distance between the inside bottom of the vessel and the 
basket is maintained at 25-2 mm during the test. 

0108. According to another aspect of the invention, where 
the preparations comprise cores wherein the diltiazem is in 
association with a wetting agent, the wetting agent may be 
selected from: 

0109) sugars: 
0110 saccharose, mannitol, sorbitol; 
0.111 lecithins: 
0112 C to Cofatty acid esters of saccarose, commer 
cialized under the name of Sucroesters (Gattefosse, 
France) or under the name of crodesters (Croda, U.K.) 
Such as Sucrose Stearate marketed under the trade name 
of Crodesta; 

0113 xylose esters or xylites; 
0114 polyoxyethylenic glycerrides; 
0115 esters of fatty acids and polyoxyethylene (Brijs, 
Renex and Eumulgines, Henkel, RFA): 

0116 sorbitan fatty acid esters (Span, Atlas, U.S.A.): 
0117 polyglycides-glycerides and polyglycides-alco 
hols esters (Gelucires, Gattefosse, France) 

0118 Metal salts such as NaCl or sodium lauryl sul 
phate 

0119 The microporous membrane may be of any suitable 
material or combination of materials known in the art. Where 
the wetting agent is in association with the diltiazem in the 
core and not mixed therewith, the microporous membrane 
should comprise a water-soluble or water dispersible polymer 
or copolymer Such as hydroxypropylmethylcellulose and a 
water-, acid- and base-insoluble polymer Such as a neutral 
copolymer of acrylic acid ethyl ester and acrylic acid methyl 
ester such as Eudragit NE30D. This enables the bead to be 
hydrated by the introduction of intestinal fluids into the bead 
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hydrating the bead and therefore mixing the diltiazem and the 
wetting agent. The membrane itself, because of the fluids 
passing through the membrane, will Swell. This membrane 
acts differently from membranes which do not swell. These 
other non-hydratable or swellable membranes may be made 
up, for example, of water-soluble or water-dispersible poly 
mers or copolymers and a water-, acid- and base-insoluble 
polymer such as Eudragit RS which swell less easily (owing 
to the reduced content in quaternary ammonium groups) and 
are only slightly permeable to active ingredients. This mem 
brane is best suited for coating cores of Diltiazem mixed with 
a wetting agent or organic acid. 
0120. Among materials which may be used to make the 
microporous membranes, may be mentioned particularly 
polyacrylates and polymethacrylates of the Eudragit type, 
ethyl celluloses such as Ethocels from Dow U.S.A. and Aqua 
coat of FMC U.S.A., hydroxypropylmethylcellulose, 
hydroxyethylcellulose and hydroxypropylcellulose. 
0121 Additionally, adjuvants may be put in the formula 
tion as required such as plastifying agents (plasticizer), pig 
ments, fillers, lubricants and anti-foaming agents. For 
example talc and/or magnesium Stearate may be used as a 
lubricant, dibutyl sebecate as plasticizer, titanium dioxide as 
a pigment, Tween 80 as an emulsifier and silicone oil as an 
anti-foaming agent. 
0122) The amount of the microporous membrane is 
adjusted to provide the Sustained release characteristics 
described. 

0123 Thus embodiments of the invention have higher bio 
availability (greater AUC and Cat the same time (T)) when 
given at night than given in the morning without food accord 
ing to the FDA guidelines discussed previously and are 
bioeduivalent when given in the morning with food to formu 
lation given in the morning without food according to the 
FDA guidance. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0124. The invention will now be illustrated with reference 
to the following examples and with reference to the following 
Figures: 
0.125 FIG. 1: is a graph illustrating the Diltiazem Concen 

tration (ng/mL) in the blood after a specified period after a 
single dose of a 300 mg Diltiazem capsule preparation made 
according to an embodiment of the invention. 
0126 FIG. 2: is a graph illustrating the Diltiazem Concen 

tration (ng/mL) in the blood over a 24-hour period after giving 
multiple doses of the same 300 mg Diltiazem capsules 
referred to with respect to FIG. 1 but over a number of days. 
0127 FIG. 3: is a graph illustrating dissolution profiles 
generated according to USP23 using Apparatus 1 (baskets) at 
100 rp.m. in 900 ml of water for capsule preparations made 
according to embodiments of the invention (120 mg, 180 mg. 
240 mg and 300 mg of Diltiazem active). 
0128 FIG. 4: illustrates the dissolution profile of a 120 mg 
capsule preparation of Diltiazem HCl in water according to 
USP 23 (Apparatus 1-baskets) according to an embodiment 
of the invention. 

0129 FIG.5: illustrates the dissolution profile of a 120 mg 
capsule preparation of Diltiazem HCl in gastric fluid accord 
ing to USP23 (Apparatus 1-baskets) according to an embodi 
ment of the invention. 
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0.130 FIG. 6: illustrates the dissolution profile of a 120 mg 
capsule preparation of Diltiazem HCl in intestinal fluid 
according to USP 23 (Apparatus 1-baskets) according to an 
embodiment of the invention. 
I0131 FIG. 7: is a graphic comparison of the blood level 
concentrations of a preparation (240 mg) made according to 
an embodiment of the invention and Dilacor (240 mg), a 
24-hour oral Sustained release dosage form of Diltiazem. 
I0132 FIG. 8: is a graphic comparison of the blood level 
concentrations of a preparation (240 mg) made according to 
an embodiment of the invention and TiaZac (240 mg), a 
24-hour oral Sustained-release dosage form of Diltiazem. 
(0.133 FIG. 9: illustrates graphically the Mean Diltiazem 
Concentration when administration of the same dosage form, 
is given in the P.M., in the A.M. with food and in the A.M. with 
fasting (without food) by 29 persons. 
0.134 FIG.10: illustrates graphically the Mean Diltiazem 
Concentration when the dosage form is an open capsule 
sprinkled on applesauce and Swallowed and the dosage form 
is swallowed intact by 30 persons. 
0.135 FIG. 11: illustrates the change from baseline to end 
point in total duration of exercise as measured by treadmill 
stress test performed at through period (primary variable). 
0.136 FIG. 12: illustrates the change from baseline to end 
point in total duration of exercise as measured by treadmill 
stress test performed at peak period (7-11 a.m.). 
0.137 FIG. 13: illustrates the treatment-emergent adverse 
events (TEAE) and treatment-related TEAE. 
0.138 Preparations were manufactured according to the 
percentages and constituents set out below: 

Component 9% WW 

(1) Diltiazem hydrochloride 69-73 
(2) Microcrystalline cellulose (Avicel ph101) 8-9.5 
(3) Powidone K30 1-2 
(4) Sucrose stearate (crodesta F150) 7-8 
(5) Magnesium stearate NF OS-2.5 
(6) Tac USP O.S.-S.O 
(7) Titanium dioxide (USP) O.15-0.3 
(8) Hydroxypropylmethylcellulose 2910 O.3-0.6 
(9) Polysorbate 80 (tween) O.O1-0.025 

(10) Simeticone C emulsion USP (dry of 30%) O.O1-0.015 
(11) Eudragit NE30 D (dry of 30%) 7-11 
(12) Purified water USP O 

0.139. Two Examples of preparations given the above per 
centages were made as 120 mg and 180 mg strengths of 
Diltiazem (as the HCl salt) in capsule form. 

Example 2 
Example 3 

0140 

Strength Strength 
120 mg capsule 180 mg capsule 

(1) 120.00 (1) 18O.OO 
(2) 1363-16.18 (2) 2O44-24.27 
(3) 17-341 (3) 2.56-511 
(4) 1192-13.63 (4) 1788-2044 
(5) O852-426 (5) 1.278-6.388 
(6) O.852-852 (6) 1.278-12.78 
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-continued 

Strength Strength 
120 mg capsule 180 mg capsule 

(7) O.256-O.S11 (7) O.383-0.767 
(8) O511-102 (8) O.7665-1.533 
(9) O.O17O-O.O426 (9) O.O2S6-0.0639 

(10) O.O17-O.O2S6 (10) O.O2SS-0.383 
(11) 1192-1874 (11) 17886-28.106 
(12) O (12) O 

0141 240 mg,300 mg,360 mg and 420 mg strength prepa 
rations in capsule form of Diltiazem (as the HCl salt) were 
also prepared having the same percentages. 
0142. They provide the release patterns shown in FIG. 3. 
The dissolution profiles of all of the strengths were generated 
from biobatches of capsules using Apparatus 1 (baskets) at 
100 RPM in 900 ml of water in accordance with USP 23. 
0143 Less than 20% of the formulation is dissolved after 
about four hours (for example between about 16%-21%) with 
less than about 10% dissolved in the first two hours (for 
example between about 4%-about 8%). Less than about 50% 
is released after 8 hours (for example between about 44%- 
52%). Less than about 73% is released after 14 hours (for 
example 69%-76%). Preferably in excess of about 85% is 
released after 24 hours. 
0144 Specifically, samples of 120 mg capsules of Dilt 
iazem HO (made according to the embodiment of the inven 
tion) had the following dissolution profile: 

Percent Dissolved - Time Elapsed 

2 h (%) 4h (%) 8 h (%) 14h (%) 24 h (%) 

S 8 19 19 49 49 72 72 88 88 
4 S 16 1 4 32 44 76 69 93 86 
S. 6 18 16 SO 49 72 73 88 90 
7 6 21 17 S4 48 76 72 92 87 
5 8 17 19 51 SO 74 74. 92 91 
6 7 18. 19 52 52 74 75 90 92 

Mean (%) 6 18 50 73 90 
RSD 21.3 1O.S S.1 2.7 2.6 

0145 Samples of 180 mg capsules of Diltiazem HCl 
(made according to an embodiment of the invention) had the 
following dissolution profiles: 

Percent Dissolved - Time Elapsed 

Lapsed Time 

2 h (%) 4h (%) 8 h (%) 14h (%) 24 h (%) 

21 20 52 52 76 73 91. 89 
19 20 52 51 76 73 93 90 
16 18 48 SO 72 72 89 90 
19 18 S2 49 76 72 98 88 
20 19 S1 S1 73 74 91 91 
2O 21 S1 S1 74 73 92 91 

Mean (%) 7 19 51 74 91 
RSD 12.8 7.4 2.5 2.1 1.7 

0146 Samples of 240 mg capsules of Diltiazem HCl 
(made according to an embodiment of the invention) had the 
following dissolution profiles: 
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Percent Dissolved - Time Elapsed 

2 h (%) 4h (%) 8 h (%) 14h (%) 24 h (%) 

19 16 46 48 73 71 86 86 

18 15 48 45 70 68 8S 84 

18 17 49 49 71 72 86 88 

16 18 46 48 68 71 83 87 

18 15 49 SO 70 68 84 84 

18 17 48 48 70 71 85 86 

Mean (%) 5 17 48 70 85 
RSD 18.5 7.7 2.9 2.3 1.7 

0147 Samples of Diltiazem HCl capsules 300 mg (made 
according to an embodiment of the invention) had the follow 
ing dissolution profile: 

Percent Dissolved - Time Elapsed 

2 h (%) 4h (%) 8 h (%) 14h (%) 24 h (%) 

16 16 46 4S 68 67 83 83 
17 16 49 4S 73 67 90 83 
16 16 46 46 69 68 84 84 
16 16 46 46 69 69 83 87 
17 15 46 4S 68 68 82 86 
17 17 46 47 69 7O 84 87 

Mean (%) 5 16 46 69 85 
RSD 13.2 3.8 2.4 2.3 2.8 

0.148. Additionally, the following Dissolution Profiles 
were obtained for the samples of 120 mg Diltiazem HCl 
Capsules: 

Medium: Water 

Diltiazem HCl Capsules 
% Dissolved Range 

Hour (Average of 12 capsules) % RSD 

2 6 4-8 17.6 
4 18 14-21 9.8 
8 50 44-54 S.1 
14 73 69-76 2.8 
24 90 86-93 2.5 

Medium: Gastric Fluid 

Diltiazem HCl Capsules 
% Dissolved Range 

Hour (Average of 12 capsules) % RSD 

2 5 3-6 18.8 
4 16 14-18 9.0 
8 49 47-52 3.5 
14 73 71-75 1.8 
24 87 85-89 1.5 
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Hour 

: 

Medium: Intestinal Fluid 

Diltiazem HCl Capsules 
% Dissolved 

(Average of 12 capsules) 

5 
17 
43 
64 
78 

Range 
%) 

3-7 
14-2O 
40-47 
53-69 
6S-85 

RSD 

26.0 
12.0 
6.1 
8.1 
8.1 

Other Dissolution Profiles were Determined of 
Embodiments of the Invention 

0149 

vessel 1 
vessel 2 
vessel 3 
vessel 4 
vessel 5 
vessel 6 
vessel 7 
vessel 8 
vessel 9 
vessel 10 
vessel 11 
vessel 12 
MEAN 
SD 
RSD 
RANGE 

vessel 1 
vessel 2 
vessel 3 
vessel 4 
vessel 5 
vessel 6 
vessel 7 
vessel 8 
vessel 9 
vessel 10 
vessel 11 
vessel 12 
MEAN 
SD 
RSD 
RANGE 

2 

59 

6 
8 
7 
6% 
1.3 

21.3 
4-8 

2 

O.9 
19.0 
3-6 

(Medium - USP Water) 
Apparatus: USP #1 (baskets) at 100 rpm 

DiltiaZen 120 Ing Capsules 

TIME 

4 

19 
16 
18 
21 
17 
18 
19 
14 
16 
17 
19 
19 
18 
1.9 

1O.S 
14-21 

(Medium - Gastric) 
Apparatus: USP #1 (baskets) at 100 rpm 

DiltiaZen 120 Ing Capsules 

TIME 

4 

14 
17 
17 
15 

18 
15 
14 
17 
18 
18 
17 
16 
1.5 
9.0 

14-18 

8 

49 
52 
50 
S4 
51 
52 
49 
44 
49 
48 
50 
52 
50 
2.6 
S.1 

44-54 

8 

51 
48 
49 
48 
47 
50 
49 
48 
51 
52 

50 
49 
1.7 
3.5 

47-52 

14 

72 
76 
72 
76 
74 
74 
72 
69 
73 
72 
74 
75 
73 
2.0 
2.7 

69-76 

14 

74 
72 
72 
72 
71 
72 
73 
71 
74 
74 
75 
73 
73 
1.3 
1.8 

71-75 

24 

88 
93 
88 
92 
92 
90 
88 
86 
90 
87 
91 
92 
90 
2.3 
2.6 

86-93 

24 

88 
85 
85 
87 
86 
86 
88 
86 
88 
88 
89 
87 
87 
1.3 
1.5 

85-89 

10 
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(Medium - Intestinal) 
Apparatus: USP #1 (baskets) at 100 rpm 

Diltiazen 120 mg Capsules 

TIME 

2 4 8 14 24 

vessel 1 7 19 45 67 81 
vessel 2 4 14 40 64 79 
vessel 3 7 2O 47 69 83 
vessel 4 5 19 46 68 83 
vessel 5 17 41 58 69 
vessel 6 17 45 69 83 
vessel 7 4 17 40 53 65 
vessel 8 5 17 42 65 78 
vessel 9 5 58 73 
vessel 10 5 17 47 68 85 
vessel 11 4 15 44 64 81 
vessel 12 4 15 43 64 81 
MEAN 5 17 43 64 78 
SD 1.2 2.0 2.7 5.2 6.4 
RSD 25.9 13.0 6.1 8.1 8.1 
RANGE 3-7 14-20 40-47 53-69 6S-85 

0150 Briefly, the dosages in Examples 1 (120 mg) and 2 
(180 mg), the 240 mg, 300 mg, 360 mg and 420 mg dosages 
were manufactured by mixing the core (bead) ingredients 
(diltiazem, microcrystalline cellulose, povidone. Sucrose 
Stearate) by introducing the components into a planetary 
mixer and granulating same and mixing with purified water. 
The plastic mass was then extruded to provide an extrudate. 
The extrudate was Subsequently spheronized to produce dil 
tiazem spheres in admixture with the wetting agent. The 
spheres (cores) were dried in an oven and sieved to the appro 
priate size cores or beads. 
0151. The membrane was prepared by mixing the hydrox 
ypropylmethylcellulose, titanium dioxide, talc, magnesium 
stearate, Polysorbate 80 and Simethacone C emulsion and 
thereafter combined with the Eudragit NE30D and water. 
0152 The spheronized cores were coated with the appro 
priate thickness of membrane by spraying the cores, coating 
same. Thus the cores (reads) were coated with the coating 
Suspension to produce the microgranules or pellets. The 
microgranules or pellets were then dried. 
0153. In more detail, the process combines Diltiazem 
Hydrochloride USP. Microcrystalline cellulose NF (Avicel 
PH 101), Povidone K30 USP and Sucrose Stearate (Crodesta 
F160) as follows: 
0154 The following were screened through a 1.9 mm 
screen and added to a mixer bowl: 

O155 Diltiazem 
0156 Avicel PH 101 
O157 Povidone K30. 

0158 To remove large agglomerates, the Crodesta 7.98 kg 
was screened through a 1.0-1.2 mm screen and added to the 
same mixing bowl. The items were then blended in an AMF 
blender at 50 RPM. 1 kg of the above dry blend was set aside 
to be used as dusting powder (Diltiazem Dusting Powder). 
The remainder of the blend was continued to be blended at 50 
rpm until adequately granulated. The granulated material was 
then loaded into the hopper of an extruder (such as 
EXDCS100 or EXDS 60). The granulation was extruded and 
without breaking up the extrudate, the extrudate was col 
lected. The extrudate was then spheronized into the cores 
(beads) of the desired size and were dusted as desired by the 
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Diltiazem Dusting Powder set aside. The beads were then 
dried by spreading them on trays and drying in an oven set at 
about 57°C. The Drying Temp. was in the order of 55-60° C. 
for about 12 hours (in the order of 12-16 hours). The dried 
cores (beads) were sieved to collect those of appropriate size 
(0.7-1.4 mm). 
0159. A Eudragit NE30D and hydroxypropylmethylcellu 
lose coating Suspension, was made. The following: 

(0160 Magnesium Stearate NF 
(0161 Talc USP 
(0162 Titanium Dioxide USP 
(0163 Hydroxypropylmethylcellulose 2910 USP (Phar 
macoat 606) 

(0164 Polysorbate 80 NF (Tween 80) 
(0165 Simethicone C Emulsion USP 

and pure water were combined within a Silverson Mixer. 
Water was first mixed with Polysorbate 80 and the Simethi 
cone. The HPMC was then added, thentitanium dioxide, then 
talc and then the Magnesium Stearate. The mixture was 
stored for 2 hours. The Eudragit NE30D was screened 
through a 0.310 mm sieve and added to the mixture. 
0166 The beads were then coated with the suspension by 
using an AerocoaterTM and spraying the beads (which have 
been preheated to 26° C.) with the coating suspension to 
achieve the desired thickness (about 0.05 mm). The beads 
were then dried by spreading on trays and drying at 40-45° C. 
for 10-12 hours. 
0167. Diltiazem HCl 300 mg capsules made according to 
an embodiment of the invention were tested in a single dose 
study to determine their bioavailability, their Cmax and 
Tmax, their rate and extent of absorption. 
0168 Blood sampling for drug content analysis was car 
ried out at 0.0 (predrug) 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18. 
24, 30, 36, 42 and 48 hours post-drug. Vital sign and 12-Lead 
ECG monitoring were conducted at 0 (predrug) 2, 6, 8 and 12 
hours post-drug. The following was determined from the 
plasma study: 

Mean Pharmacokinetic Parameters for Plasma Diltiazem 

1 x 300 mg 
Parameter Mean (% CV) 

AUC (0-t) (ngi hr/mL) 
AUC (0-inf.) (ngi hr/mL) 

2703.83 (36.26) 
2786.95 (36.39) 

C (ng/mL) 146.33 (38.43) 
T (hours) 13.17 (14.79) 
t12 (hours) 6.96 (17.56) 
K (hour') 0.102 (15.983) 

Mean Plasma Diltiazem Concentrations (ng/mL) 

SAMPLE TIME 
(HOURS) 1 x 300 mg 

O.OO OOOOOO 
1.OO O.76 2.2O 
2.OO 4.92 - 3.87 
3.00 10.97, S.92 
4.OO 20.01 - 10.77 
S.OO 33.46 - 18.39 
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-continued 

Mean Plasma Diltiazem Concentrations (ng mL) 

SAMPLE TIME 

(HOURS) 1 x 300 mg 

6.OO 70.21 37.03 
8.00 95.43 41.50 

10.00 11016 - 47.43 
12.00 132.84 52.04 
14.00 139S4 SS.11 
16.00 126.35 S.O.23 
18.00 105.74 40.86 
24.00 62.84 24.20 
30.00 43.92 - 16.94 
36.00 25.67 + 11.46 
42.OO 13.40 - 7.37 
48.00 7.50 - 4.46 

Mean Pharmacokinetic Parameters for Plasma Diltiazem 

Geometric Mean 
Arithmetic Mean 

Parameter (C.V.) 1 x 300 mg 

AUC (0-t hours) (ngi hr/mL) 2682.87 
2872.06 (38.44) 

AUC (0-X) (ngi hr/mL) 1955.92 
2075.00 (35.63) 

AUC (0-infinity) (ng hirimL) 2847.57 
3055.19 (39.05) 

C. (ng/mL) 134.96 
144.00 (37.17) 

T (hours)* 13.00 (2.92) 
t12 (hours)* 8.69 (22.85) 
K (hour)* 0.084 (22.860) 

*These are arithmetic means (CV%). 
**This is median (+ S.D.). 

(0169. With reference to FIGS. 1 and 2, it is clear the 300 
mg capsule preparation made according to an embodiment of 
the invention provides the appropriate Diltiazem blood levels 
at the appropriate time to be suitable for administration as a 
chronotherapeutic-being given in the evening to provide 
effective concentrations of Diltiazem the following morning. 
This suitability is illustrated with reference to FIGS. 7 and 8. 
In FIG. 7, the 240 mg Diltiazem preparation made according 
to the embodiment of the invention provides elevated blood 
levels that are effective all morning for effective treatment of 
the patient with Diltiazem. However, the Dilacor formulation 
(given either in the evening or the following morning) does 
not protect the patient from 6:00 a.m.-noon, the more danger 
ous period. 
0170 The same is true with FIG. 8. Tiazac given in the 
morning, does not provide the protection. Further, peak 
plasma concentrations for Tiazac are achieved after about 7 
hours after dose administration. 

0171 A 3-way single-dose study was undertaken using 
the same formulation (420 mg capsule) administered in the 
P.M. (10:00 P.M.) without food, and in the A.M. dosing with 
and without food. 
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3-Way Single-Dose Study 

A: Formulation According to Embodiment of Invention— 
Fasting (AMDosing) 

B: Formulation According to Embodiment of Invention Fed 
(AMDosing) 

C: Formulation According to Embodiment of Invention— 
(PM Dosing) 

0172. The results illustrated in FIG.9A and FIG.9B were 
found whose mean were graphically illustrated in FIG. 9. 
0173 A 2-way single-dose fasting study was undertaken 
using the same formulation (420 mg capsule) administered in 
the following manners-capsule intact and capsule opened and 
sprinkled on applesauce and ingested. 

2-Way Single Dose Fasting Study 
A: Formulation According to Embodiment of Inventions— 
Open Capsule Sprinkled on Applesauce 

B: Formulation According to Embodiment of Inventions— 
Capsule Intact N=30 (FINAL DATA) 
0.174. The results illustrated in FIGS. 10A, 10B and 10C 
were found whose mean were graphically illustrated in FIG. 
10. 
0.175. The preparations according to embodiments may 
also be made as tablets. 
0176 The tablets may be made as compressed tablets in 
the desired strengths (for example 120 mg-540 mg or more 
Diltiazem) incorporating the microgranules. The tablets may 
even be scored to permit division into Smaller doses. 
0177 Tablets may be made as follows using the micro 
granules or pellets, wax placebo beads and hydrogenated 
Vegetable oil, sodium starch glycolate and silicone dioxide as 
follows: 

0.178 The microgranules of Diltiazem may be the fol 
lowing: 

(0179 Magnesium Stearate 
0180 Talc 
0181 Titanium Dioxide 
0182 Hydroxypropylmethyl-Cellulose 2910 
0183 Polysorbate 80 
0.184 Simethicone Emulsion 
0185 Eudragit NE30D 
0186. Diltiazem Hydrochloride 
0187 Microcrystalline Cellulose 
0188 Povidone K30 
(0189 Sucrose Stearate 
(0190. Purified Water 
0191 The wax placebo beads may be the following: 
(0192 Microcrystalline Wax NF 
(0193 Pregelatinized Starch 
(0194 Sodium Starch Glycolate 
(0195 Titanium Dioxide 
0196. Carbon Dioxide 

0197) The microgranules, wax placebo beads, hydroge 
nated vegetable oil, sodium starch glycolate and silicone 
dioxide may be combined and compressed into the desired 
strengths of tablets, for example 240 mg. 300 mg and 360 mg 
tablets. 
0198 Briefly, to form the microgranules, Diltiazem HCl, 
Microcrystalline Cellulose, Povidone 30, Sucrose Stearate 
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may be mixed to form a “dry blend'. A 1 kg portion of the dry 
blend may be removed and stored in a separate labeled con 
tainer as the Dusting Powder, for use in Subsequent manufac 
turing steps (if desired). Following the removal of the Dusting 
Powder, Purified Water is added to the dry blend and mixed to 
create a plastic mass. The plastic mass is extruded through a 
1.0 mm screen to form a spaghetti like extrudate. This extru 
date is then spheronized into beads. During the spheroniza 
tion process Dusting Powder is added to dry the beads and 
provide them with a smooth aspect (ifrequired). The addition 
of Dusting Powder also prevents the newly spheronized beads 
from Sticking together. The spheronized beads are tray dried 
for 12-16 hours and sieved to select beads that are larger than 
0.7 mm and smaller than 1.4 mm in diameter. 
(0199 The beads are loaded into a preheated (40-45° C.) 
fluid bed Aerocoater. Coating Suspension is applied at an 
amount of 10% by spray coating. The resulting Diltiazem 
Microgranules (coated beads) are dried for between 10-12 
hours and the dried coated beads are sieved to select coated 
beads that are larger than 0.7 mm and smaller than 1.7 mm in 
diameter. 
0200 For the manufacture of the placebo wax beads, 
Microcrystalline Wax, Pregelatinized Maize Starch, Sodium 
Starch Glycolate and Titanium Dioxide are mixed in a high 
shear mixer and heated to 64°C. (jacket temperature 70° C.). 
The resulting melt is cooled by the addition of liquid CO to 
form the solid starters of the pellets. The pellet starters are 
mixed and the size is increased by the gradual turning of the 
impeller for a fixed timeperiod (mixing time is directly related 
to the impeller speed and the time to reach a temperature of 
57+2° C.). The resulting beads are sieved to select beads 
larger than 0.7 mm and Smaller than 1.4 mm in diameter. 
0201 For manufacturing the Diltiazem-chronotherapeu 

tic tablets, the placebo wax beads and the microgranules of 
Diltiazem are blended at a ratio of about 2:3 (placebo wax 
beads: microgranules of Diltiazem) with Hydrogenated Veg 
etable Oil (lubricant), Sodium Starch Glycolate (disintegrant) 
and Silicone Dioxide (lubricant) added. The blend is tableted 
under low pressure (approximately 6-8 Sc) to form the com 
pressed Diltiazem Tablets. 
0202 In the compressed tablets, the placebo wax beads 
serve to absorb the shock placed on the microgranules of 
Diltiazem during the tableting process. By doing so the integ 
rity of the microgranules remains intact and the release rate of 
the diltiazem is not affected. 
0203 As many changes can be made to the embodiments 
of the invention without departing from the scope thereof, it is 
intended that all material contained herein be determined as 
illustrative of the invention and not in a limiting sense. 
(0204 Referring now to FIGS. 11-13, a double blind, ran 
domized, parallel-group, dose-response, multi-center study 
to assess the safety and efficacy of Diltiazem compared to 
placebo dosed at bedtime and to Diltiazem dosed in the morn 
ing in patients with chronic stable angina was conducted. A 
total of 311 patients>18 years of age were randomized to 
double-blind treatment. 
0205 The study design included a 2- to 3-week single 
blind, placebo run-in period, followed by a 1-week double 
blind titration period, and a 2-week double-blind mainte 
nance treatment period. After signing the informed consent 
form and meeting study inclusion/exclusion criteria at 
screening, patients discontinued any previously prescribed 
anti-angina medications with the exceptions of Sublingual 
nitroglycerin (SL NTG) and stable doses of atenolol (limited 
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to 50 mg/day or less). Once withdrawn from all excluded 
concomitant therapy and anti-angina agents for at least 24 
hours, patients entered the single blind, placebo run-in period. 
Qualified patients were randomly assigned in a 1:1:1:1:1 ratio 
to placebo, Diltiazem 180 mg PM, 360 mg AM, 360 mg PM 
or 420 mg PM. Patients randomized to Diltiazem 360 mg AM, 
360 mg PM and 420 mg PM were initially treated with Dilt 
iazem 240 mg for 1 week and up titrated in a blinded fashion 
to their randomized treatment dose. Patients randomized to 
180 mg did not require titration and remained on their starting 
dose throughout the double-blind treatment period. Follow 
ing the 1-week titration period, all patients remained on main 
tenance treatment for 2 weeks. An evening treadmill stress 
test (TMST) was performed at 7 PM-1 hour after the first 
week and second week of the single blind, placebo run-in 
period (required for qualification) and was repeated at the end 
of the double-blind maintenance treatment phase. In addition, 
a morning TMST was performed at 9 AM+2 hours at the end 
of the single blind, placebo run-in period and at the end of the 
double-blind maintenance treatment period. Patients were 
evaluated for safety and efficacy weekly during the double 
blind treatment. 
0206. The primary measure of efficacy was the change 
from baseline to final visit in total duration of exercise (in 
seconds) as measured by TMST performed during the Dilt 
iazem trough period. The period of 6 PM to 8 PM was evalu 
ated for 180 mg, 360 mg and 420 mg nighttime doses of 
Diltiazem and placebo while 7AM to 11 AM was evaluated 
for Diltiazem 360mg and placebo dosed in the morning. Total 
duration of exercise was defined as the total time the patient 
was able to exercise on the treadmill until the patient had to 
stop because of moderate angina (defined as the severity of 
pain that would ordinarily cause a patient to stop exercising 
during normal everyday activity). 
0207. There were 9 secondary variables that included 
change from baseline to final visit in total duration of exercise 
during 7 AM to 11 AM; change from baseline to final visit in 
time to onset of exercise-induced angina and time to onset of 
exercise-induced myocardial ischemia at trough and at 7AM 
to 11 AM; the change from baseline to final visit in diastolic 
blood pressure (DBP), systolic blood pressure (SBP) and 
heart rate (HR); the change from baseline to final visit in rate 
pressure product (SBPxHR) at rest and during exercise; the 
frequency of angina attacks per week and the frequency of SL 
NTG consumption per week. 
0208 FIG. 11 summarizes the results of the analysis of the 
primary efficacy variable, median change from baseline to 
endpoint in total duration of exercise at trough (24 hours after 
dosing), for each nighttime dose of Diltiazem compared to 
placebo and for Diltiazem 360 mg dosed in the morning 
compared to placebo. A flat dose response was observed with 
all nighttime doses significantly different from placebo. Dil 
tiazem 360 mg PM exhibited a somewhat greater response 
than either Diltiazem 180 mg PM or Diltiazem 420 mg PM. 
The Diltiazem 360 mg morning dose was borderline not 
significantly different from placebo (p=0.0555). About a 
2-fold greater improvement in exercise performance was 
demonstrated for Diltiazem 360 mg PM at trough compared 
to Diltiazem 360 mg AM at trough. 
0209. The results of the intent-to-treat analysis of the sec 
ondary efficacy variable, median change from baseline to 
endpoint in total duration of exercise for nighttime doses of 
Diltiazem compared to placebo during 7 AM to 11 AM (the 
period of the day when the incidence of cardiovascular events 
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is highest and angina attacks is greatest) are shown in FIG. 2. 
AU nighttime doses were statistically significantly different 
from placebo. A flat dose response was observed with the 
Diltiazem 420 mg PM dose somewhat better than either the 
Diltiazem 180 mg PM or Diltiazem 360 mg PM doses. Addi 
tional improvement in exercise performance was demon 
strated during 7 AM to 11 AM coinciding with the highest 
plasma levels of Diltiazem AM compared to the 6 PM to 8PM 
time period that coincides with the period of the lowest 
plasma levels of Diltiazem (Table 1). 

TABLE 1 

Comparison of Median Change from Baseline to Endpoint 
for Total Duration of Exercise 

6 PM to 8PM w. 7 AM to 11 AM 
Nighttime Doses of Diltiazen 

Dose 6 PM to 8PM 7AM to 11 AM AMPM Ratio 

180 mg 30.8 47.5 1.5 
360 mg 39.0 410 1.1 
420 mg 36.0 49.5 1.4 

0210 A post-hoc analysis was performed to evaluate the 
efficacy of Diltiazem 360 mg AM based upon total duration of 
exercise measured by TMST during its maximum plasma 
levels (6 PM to 8 PM). As shown in Table 2, a statistically 
significant difference from placebo in median change from 
baseline to endpoint favoring Diltiazem was observed. Effi 
cacy of Diltiazem 360 mg AM at its peak was comparable to 
Diltiazem 360 mg PM at its peak. However, as shown previ 
ously, Diltiazem 360 mg PM was superior to Diltiazem 360 
mg AM at trough. 

TABLE 2 

Post-Hoc Comparison of Diltiazem 360 mg PM and 
Diltiazem 360 mg AM Median Change from Baseline to 
Endpoint in Total Duration of Exercise (ITT Population 

Peak Trough 

360 AM 360 PM 
360 PM (6 PM-8 (6 PM-8 360 AM 

(7 AM-11 AM) PM) PM) (7 AM-11 AM) 

Median Change 41.0 40.0 39.0 19.5 
(Sec) 
p-value vs. placebo O.OOO2 O.O118 O.OO87 0.0555 

0211 Table 3 summarizes the results of the intent-to-treat 
analysis of two additional secondary variables, time to onset 
of angina and time to onset of myocardial ischemia (ST 
segment depression) as measured by TMST performed at 6 
PM-8 PM and at 7 AM-11 AM. Table 4 compares efficacy for 
nighttime dosing for the two time intervals. Each variable was 
evaluated in two ways. The first analysis was the median 
change from baseline to endpoint for those patients who 
experienced angina and myocardial ischemia (Dunnett's pro 
cedure). The second analysis was undertaken because when 
on active drug, greater than 20% of the patients in several 
treatment groups were censored (i.e., did not exhibit angina 
and/or myocardial ischemia) Accordingly, a Survival analysis 
using the Kaplan-Meier procedure to estimate the median 
time to onset (of angina and myocardial ischemia) at the final 
visit was undertaken. 
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TABLE 3 
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Evaluation of Time to Onset of Angina (Seconds) and Time to Onset of 
Myocardial Ischemia (Seconds 

6 PM to 8PM 7AM to 11 AM 

Variable Placebo 18OPM 360 PM 360 AM 420 PM Placebo 18OPM 360 PM 360 AM 420 PM 

ONSET 
ANGINA 
Dunnett's 

N 52 49 46 39 53 44 37 45 25 
Median 18.8 S9.5 4.1.8 41.0 2O.O 52.5 6O.O 41.0 59.0 
Change 
Improvement 40.7 23.0 22.2 32.5 40.O 21.0 39.9 
p-value O.OO29 O.O109 O.0114 O.OO21 O.OO88 O.2333 O.O240 
Kaplan-Meier 
% Censored 11.9 21.0 22.0 3O4 10.2 29.0 37.3 25.8 S3.6 
Median Time 279 361 350 417 3OO 390 399 359 460 
Improvement 82 71.O 138 90 99 59 160 
p-value O.0245 O.O949 O.OO69 OOOO4 OOOO6 OO143 &O.OOO1 
ONSET 
MYOCARDIAL 
ISCHEMIA 
Dunnett's 

N 52 52 46 47 45 44 34 47 37 
Median 1O.O 3O.O 40.3 3S.O 2O.O SS.O 78.5 47.0 59.0 
Change 
Improvement 2O.O 30.3 2SO 3S.O 58.5 27.0 39.0 
p-value O.S306 0.0230 O.1018 O.O2O3 O.OO16 O.0488 O.O247 
Kaplan-Meier 
% Censored 11.9 16.1 22.0 16.1 23.7 29.0 40.7 22.6 33.9 
Median Time 3OO 3OO 299 344 339 380 387 360 416 
Improvement O -1 44 41 48.0 21.0 77.0 
p-value O.3419 0.1222 O.1667 O.O348 O.O247 O.S281 O.OO94 

TMST. This is an important observation since angina dis 
TABLE 4 plays a circadian rhythm with the highest incidence occur 

ring between 8 AM to 10 AM. 
Comparison of Peak (7 AM to 11 AM) vs. Trough (6 PM to 8 PM) - 

Efficacy for Secondary Variables Following Nighttime 0215 3. AU nighttime doses of Diltiazem were statisti 
Doses of Diltiazem (ITT Population) cally significantly Superior to placebo in increasing the 

time to the onset of myocardial ischemia between 7 AM to Onset of Myocardial - 
Onset of Angina Ischemia 11 AM. At trough, only Diltiazem 360 mg PM and Dilt 

iazem 360 mg AM were statistically significantly superior 
Kaplan- Kaplan- to placebo and their responses were comparable. For night 

Dose Dunnett's Meier Dunnett's Meier time dosing, greater efficacy was observed during 7 AM to 
DILTIAZEM 18O O.88 1.4 1.8 1.3 11 AM than during 6 PM to 8 PM. 
PM 
DILTIAZEM 360 1.4 1.7 1.9 1.3 0216. In light of the increased risk of angina attacks and 
PM myocardial ischemia as well as increased risk of myocardial 
RTLVEM 420 1.4 1.8 1.5 1.2 infarction and Sudden death during the morning hours, a 

comparison of the efficacy of Diltiazem 360 mg PM vs. 
Diltiazem 360 mg AM during the morning time interval (7 

0212 Key findings from these analyses are as follows: AM to 11 AM) was made for all efficacy variables. As shown 
0213 1. In general, Diltiazem 360 mg PM and Diltiazem in Table 5, nighttime dosing resulted in Superior efficacy. 
360 mg AM exhibited similar efficacy with regards to time 
to onset of angina and time to onset of myocardialischemia 
at trough. 

0214 2. All nighttime doses of Diltiazem were statisti 
cally significantly Superior to placebo in reducing the time 
to onset of angina at trough (6 PM to 8 PM) and at peak (7 
AM to 11 AM). Greater efficacy was observed between 7 
AM to 11 AM than between 6 PM to 8 PM. Diltiazem 420 
mg PM was particularly effective between 7 AM to 11 AM 
as evidenced by more than 50% of patients randomized to 
this treatment group never experiencing angina during the 

About a 4-fold improvement for the primary efficacy variable 
and about a 2-fold improvement for the secondary variables 
in favor Diltiazem 360 mg PM was observed. 
0217 FIG. 13 provides an overview of adverse events. 
Treatment emergent adverse events (TEAE) were dose 
related but comparable to placebo at the highest dose (48% of 
patients on placebo vs. 55% of patients on Diltiazem 420 mg 
PM). Less patients on Diltiazem 360 mg AM experienced a 
TEAE than on Diltiazem 360 mg PM (36% vs. 46%, respec 
tively). However, with regards to TEAE’s that the investigator 
considered treatment related, Diltiazem 360 mg AM and Dil 
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tiazem 360 mg PM were comparable (21% vs. 23%, respec 
tively). All adverse events were mild to moderate in nature. 

TABLE 5 

Comparison of Efficacy of 
Diltiazem 360 mg PM and Diltiazem 360 mg. AM 

7AM to 11 AM 

Median Change 
from Baseline Median Improvement v. 

360 Placebo 

Variable Placebo PM 360 AM 360 PM 360 AM PMAAM 

Total Duration of 12.0 41.O 19.5 29.0 7.5 3.9 
Exercise 
Time to Onset 
Angina 

Dunnett 2O.O 6O.O 41.O 40.O 21.O 1.9 
Kaplan-Meier 300 399 359 99 59 1.7 
Time to Onset 
Myocardial 
Ischemia 

Dunnett 2O 78.5 47.0 58.5 27.0 2.2 
Kaplan-Meier 339 387 360 48 21 2.3 

0218. In summary, Diltiazem administered at bedtime 
demonstrated a flat dose response in median change from 
baseline to endpoint in total duration of exercise at trough (6 
PM to 8 PM) as measured by treadmill stress test (TMST). 
0219 All nighttime doses (180 mg, 360 mg. 420mg) were 
significantly different from placebo with the 360 mg dose 
somewhat better than either 180 mg or 420 mg. In contrast, 
Diltiazem 360 mg administered in the morning was border 
line not significantly different from placebo in median change 
from baseline to endpoint in total duration of exercise at its 
trough (7 AM to 11 AM). At trough, the 360 mg nighttime 
dose resulted in about a 2-fold greater improvement in TMST 
results compared to the 360 mg morning dose. 
0220 Between 7 AM and 11 AM (the time period when 
cardiovascular events are most frequent and the incidence of 
angina and myocardial ischemia are the greatest), all night 
time doses were significantly different from placebo in 
change from baseline to endpoint in total duration of exercise 
as measured by TMST. The dose response was also flat with 
the 420 mg dose somewhat better than either the 180 mg or 
360 mg doses. Greater efficacy was observed between 7AM 
and 11 AM coinciding with peak concentrations of Diltiazem 
than between 6 PM and 8 PM coinciding with trough concen 
trations of diltiazem. A post-hoc analysis of Diltiazem 360 
mg AM at the time corresponding to its peak diltiazem con 
centration (6 PM to 8 PM) demonstrated a statistically sig 
nificant difference from placebo in median change from base 
line to endpoint in total duration of exercise. The response of 
Diltiazem 360 mg AM at its peak was comparable to that for 
Diltiazem 360 mg PM at its peak. 
0221) Diltiazem administered at bedtime and in the morn 
ing were effective in increasing the time to onset of angina 
and time to onset of myocardial ischemia at trough. The 420 
mg dose was particularly effective in increasing the time to 
onset of angina during the 7 AM to 11 AM time period. More 
than 50% of patients randomized to this dose did not experi 
ence an angina attack during the TMST. 
0222 Diltiazem 360 mg PM was more efficacious than 
Diltiazem 360 mg AM during the 7AM to 11 AM time period 
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for all efficacy variables evaluated. About a 4-fold improve 
ment in efficacy for the primary variable and about a 2-fold 
improvement in efficacy for the secondary variables were 
observed. Adverse events were dose related, but comparable 
to placebo at the highest dose (48% of patients for placebo, 
55% of patients for Diltiazem 420 mg PM). Adverse events 
were generally mild to moderate in nature. 

REFERENCE TO PRIORAPPLICATIONS 

0223) This application is a Continuation of U.S. applica 
tion Ser. No. 10/657,752 filed Sep. 9, 2003, now allowed; and 
claims priority to U.S. Application Ser. 
0224 No. 60/408,872, filed Sep. 9, 2002. 

1. A method of treating myocardial ischemia in a patient in 
need thereof comprising administration of a once daily con 
trolled-release galenical preparation to the patient, wherein 
the preparation comprises from about 180 mg to about 420 
mg of a pharmaceutically acceptable form of diltiazem and 
one or more excipients, the preparation providing controlled 
release of the pharmaceutically acceptable form of diltiazem 
such that the preparation provides a Cmax of diltiazem in the 
blood at between about 10 hours and about 17 hours after 
administration of the preparation; and wherein the pharma 
ceutically acceptable form of diltiazem is released from the 
preparation 

(i) into an aqueous medium at the following rates measured 
using the method of United States Pharmacopoeia No. 
XXIII at 100 rpm in 900 ml of water: 
(a) between about 1% and about 15% after 2 hours; 
(b) between about 7% and about 35% after 4 hours; 
(c) between about 30% and about 58% after 8 hours; 
(d) between about 55% and about 80% after 14 hours: 
and 

(e) and in excess of about 75% after 24 hours; or 
(ii) into a buffered medium having a pH between about 5.5 

and about 6.5 at the following rates measured using the 
method of United States Pharmacopoeia No. XXIII at 
100 rpm in 900 ml of the buffered medium: 
(a) between about 1% and about 25% after about 2 

hours; 
(b) between about 7% and about 45% after about 4 

hours; 
(c) between about 30% and about 68% after about 8 

hours; 
(d) in excess of about 75% after about 24 hours. 

2. The method of claim 1 wherein the pharmaceutically 
acceptable form of diltiazem is released from the preparation 

(i) into an aqueous medium at the following rates measured 
using the method of United States Pharmacopoeia No. 
XXIII at 100 rpm in 900 ml of water: 
(a) between about 4% and about 8% after 2 hours; 
(b) between about 16% and about 21% after 4 hours; 
(c) between about 44% and about 52% after 8 hours; 
(d) between about 69% and about 76% after 14 hours: 
and 

(e) in excess of about 85% after 24 hours; or 
(ii) into a buffered medium having a pH of about 5.8 at the 

following rates measured using the method of United 
States Pharmacopoeia No. XXIII at 100 rpm in 900 ml of 
the buffered medium: 
(a) between about 4% and about 15% after about 2 

hours; 
(b) between about 16% and about 30% after about 4 

hours; 
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(c) between about 44% and about 62% after about 8 
hours; 

(d) in excess of about 80% after 24 hours. 
3. The method of claim 1 wherein the Cmax of diltiazem in 

the blood is obtained between about 11 and about 13 hours 
after administration of the preparation. 

4. The method of claim 1 wherein the controlled release 
preparation exhibits, when administered to a human: 

(i) a higher bioavailability when given at night compared to 
when administered in the morning without food and 

(ii) bioeduivalence when administered in the morning with 
food and without food. 

5. The method of claim 1 wherein the preparation releases 
the pharmaceutically acceptable form of diltiazem at a rate of 
less than about 15% of the total amount of active per hour 
during dissolution. 

6. The method of claim 1 wherein the preparation is admin 
istered to the patient in the evening for effective treatment of 
the patient's myocardial ischemia the next morning. 

7. The method of claim 1 wherein the preparation is admin 
istered to the patient in the evening for effective treatment of 
the patient's myocardial ischemia over a twenty-four hour 
period. 

8. The method of claim 1 wherein the preparation com 
prises about 180 mg of Diltiazem. 

9. The method of claim 1 wherein the preparation com 
prises about 360 mg of Diltiazem. 
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10. The method of claim 1 wherein the preparation com 
prises about 420 mg of Diltiazem. 

11. The method of claim 1 wherein the method of treating 
myocardial ischemia in a patient in need thereof reduces the 
incidence of myocardial ischemia in the patient. 

12. The method of claim 1 wherein the preparation is a 
diffusion controlled preparation. 

13. The method of claim 1 wherein the preparation is in the 
form of a tablet. 

14. The method of claim 13 wherein the tablet is uncoated. 
15. The method of claim 13 wherein the tablet is coated. 
16. The method of claim 15 wherein the tablet is coated 

with a Sustained release coating. 
17. The method of claim 1 wherein the preparation is in the 

form of a capsule. 
18. The method of claim 1 wherein pharmaceutically 

acceptable form of diltiazem is a pharmaceutically acceptable 
salt of diltiazem. 

19. The method of claim 1 wherein pharmaceutically 
acceptable form of diltiazem is diltiazem hydrochloride. 

20. The method of claim 1 wherein the preparation is 
adapted for administration to the patient in the evening for 
effective treatment of the patient's myocardial ischemia the 
next morning. 


