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ODbjectives:
1. High load monolithic tablet formulation for a nutraceutical.
2. Low cost excipients and manufacturing processes.

Purpose. To design a cost effective monolithic 12- and 24-hour controlled release solid oral dosage form
for high load nutraceuticals. Methods. Four formulations were developed to represent clinically relevant
dosages of Glucosamine sulfate at 500mg and Glucosamine hydrochloride-Chondroitin sulfate at 500mg-
400mg, each for 12- and 24-hour controlled release delivery. Combinations of hydroxypropyl
methylcellul ose and sodium bicarbonate were dry blended, lubricated and directly compressed.
Dissolution studies were conducted using a USP 24 Type Il apparatus over 12- and 24-hours. Samples
were treated for Schiff’s base formation and measured spectrophotometrically at 402nm and 568nm.
Results. Near zero-order release of drug content over 12 to 24 hours was achieved for all optimized
formulations; no burst effect was evident and the contents were 100% released. In addition, tablet
hardness, friability and content uniformity were all within acceptable limits outlined in the USP 24.
Conclusions. Results suggest that cost-effective, reproducible release profiles for high-load nutraceuticals
up to 24 hours are easily achievable using a diffusional-erosional release mechanism.

Materials and Methods.
2.1. Materials.

Glucosamine hydrochloride, glucosamine sulfate, and chondroitin sulfate were supplied by
Zetapharm (New York, NY). Hydroxypropylmethylcellulose (HPMC) was purchased from Dow
Pharmaceutical (Midland, MI). Anhydrous sodium carbonate was purchased from Spectrum
Chemical (New Brunswick, NJ).

2.2. Preparation of tablets

All materials were simply dry-blended with a minimum amount of lubricant and directly
compressed using a hydraulic single-station press (Carver, Inc. Wabash, IN). Tablets were
compressed to four metric tons.

2.3. Invitro release study

Glucosamine release was determined with six tablets per formulation using a USP Type Il
dissolution assembly (Hansen SR-8 Plus, Chatsworth, CA, and Erweka DT-70, Milford, CT) In
delonized water with a paddle speed of 50+0.1 rpm and bath temperature of 37.0+0.5°C. This
apparatus was equipped for filtered fraction collection. Each filtered sample was treated for Schiff’s
base formation and analyzed spectrophotometrically at 402nm and 568nm (Beckman DU-640,
Fullerton, CA).

2.4. Characterization of formula blends

Powder flow characterization was performed on raw materials and final formula blends using a
Hosakawa Micron Powder Tester PT-N (Summit, NJ) to determine flowability and floodability
properties.

2.5. Tablet hardness and friability

Hardness of finished tablets was determined using a VanKel VK200 hardness tester (Cary, NC).
The values reported here are the averages of 10 determinations. Friability was determined using a
VanKel single drum friabilator (Cary, NC) following USP method guidelines: 10 tablets were
welighed, rotated In the drum for 100 revolutions, removed and re-weighed. Change In mass was
calculated and reported as percentage lost.

Results and discussion.

Release profiles of Glucosamine HCI and Glucosamine sulfate.

This is a diffusion-erosion based system with the advantage of an added electrolyte in the active/polymer
dry blend. The sodium carbonate used competes with the polymer for available water molecules, thus
retarding the immediate hydration of polymer, but also competing with the glucosamine and chondroitin
molecules for water molecules, controlling immediate release, as Is evident in the minimization of a burst
effect. As hydration continues, the polymer disentangles, swelling and causing a gel region around the
dry core of the tablet. The API molecules will continue to diffuse through this gel layer as water enters,
but dissolution is still suppressed by the presence of the electrolyte. Once the electrolyte Is solubilized,
glucosamine and chondroitin can then be released. This addition of electrolyte to the formulation helps
minimize the size of the tablet while offering further control beyond a simple active/polymer dry blend.
Sustained release over 12 or 24 hours iIs shown for each formulation. Figures 1-4 illustrate the release of
glucosamine from the tableted dosage form.

Figure 3. Release profile of Glucosamine hydrochloride (500 mg) over 12 hours in combination

Figure 1. Release profile of Glucosamine Sulfate (500 mg) over 12 hours; total tablet weight of 884 mg. glucosamine/chondroitin formulation: total tablet weight of 1288 mg.
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Figure 4. Release profile of Glucosamine hydrochloride (500 mg) over 24 hours in combination
Figure 2. Release profile of Glucosamine Sulfate (500 mq) over 24 hours; total tablet weight 0f 1313 mag. glucosamine/chondroitin formulation; total tablet weight of 1667 mq.
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2.2. Stability of raw material.

Figure 5 shows the effect of long-term storage on the glucosamine hydrochloride salt. The formula for
each analysis was identical except for the use of a different glucosamine lot. The age and storage
conditions of the raw active material in this case greatly affect the quality of the formula, and care must
be taken to use fresh material in manufacture.

Figure 5. Comparison of aged raw material to new raw material: glucosamine hydrochloride release using a 1-yr.

old lot (solid line) and newly opened lot (dotted line) in the same formula.
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Characteristics of final blends, tablets

Table 1 1s a summary of the powder characterization of the final formula blends. While these blends did
not exhibit optimal flow properties at large scale, pilot studies have produced acceptable tablets; Table 2
Includes tablet hardness and friability data from the most recent pilot run. The addition of tableting aids

such as microcrystalline cellulose (MCC), silicified microcrystalline cellulose (Prosolv/SMCC 90) and

Maltodextrin improved the flow of the blend at larger scales, but added unwanted tablet weight and in the
case of Maltodextrin and Prosolv, compromised the control of glucosamine release. 12-hour control pilot

tablets containing Maltodextrin were completely disintegrated within 5 hours. Figure 6 illustrates the

effect of added Prosolv to a preliminary formula. Addition of minimal MCC did not affect the dissolution
curve, as shown In Figure 7. Large-scale manufacture of this product could therefore be facilitated by the
addition of MCC If tablet size were not an Issue.

Table 1. Summary of powder characteristics of final formula blends.
Glucosamine
sulfate, 500ma,
24hr

Flowability Functions:

Glucosamine

Sulfate, 500ma,

12hr

Glucosamine
HCI/Chondroitin
sulfate,
500/400mq, 12hr

Glucosamine
HCI/Chondroitin
sulfate,
500/400mq, 24hr

Table 2. Summary of tablet characteristics from scale-up manufacture and comparison with commercially available

immediate release forms.
Formula/Product ID

Glucosamine 500mg, 12 hr

Tablet weight

(ma)
884

Thickness

(in.)
0.2369

Hardness (kP)

25.1

Friability (%)

No loss

Angle of Repose (Deg.)*

41.3

42.8

41.2

42.7

Aerated Bulk Density (g/cc)

0.623

0.568

0.623

0.577

Glucosamine 500mg, 24 hr

1313

0.3417

18.2

No loss

Packed Density (g/cc)

0.850

0.798

0.843

0.813

Compressibility (%)

26.7

28.8

26.0

29.0

Angle of Spatula (Deg.)*

63.4

67.5

62.9

70.4

Glucosamine/Chondroitin
500/400mg, 12 hr

1288

0.3561

32.9

No loss

Cohesiveness (%)

36.3

35.5

46.5

414

Degree of Flowability

Not Good

Not Good

Not Good

Not Good

Glucosamine/Chondroitin
500/400mg, 24 hr

1667

0.3709

34.0

0.06

Total Flowability INDEX

48.0

47.0

50.5

47.0

Floodability Functions:

Angle of Fall (Deg.)*

24.4

217.4

23.6

23.1

Flexagen
Glucosamine/Chondroitin
500/400mg IR

1500

0.3630

>35

N/A

Angle of Difference (Deg.)*

16.9

15.4

17.6

19.6

Dispersibility (%)

13.7

7.8

22.0

8.9

Osteo Bi-Flex
Glucosamine/Chondroitin
500/400mq IR

1322

0.3512

24.7

N/A

Degree of Floodability

Fairly high

Tends to flush

Fairly High

Fairly High

Total Floodability INDEX

68.5

59.0

75.0

66.5

Osteo Bi-Flex
Glucosamine/Chondroitin
250/200mg IR

729

0.2693

18.2

N/A

*Degree readings are the average value of three separate readings.
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Figure 6. Glucosamine hydrochloride release in tablets containing release-controlling excipients only (solid line)
and those excipients plus 7% Prosolv (dotted line).
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Figure 7. Glucosamine hydrochloride release in tablets containing release-controlling excipients only (solid line)
and those excipients with 11% MCC (dotted line).
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Conclusions.

Glucosamine sulfate and glucosamine hydrochloride have both been found to perform well as
sustained-release formulations in a simple tableted form. This technology enables us to formulate a high
active load tablet using a minimum of controlling excipient, thus reducing the possible tablet size.
Customer compliance is predicted to increase due to fewer dosage administration times with little increase
In tablet size over current immediate release forms. Manufacturability of the designed formulas and
robustness of produced tablets have been shown.
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