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Choice of pH of aqueous solution

Using aspirin as a comparison molecule, we choose a pH of 4.76 for the aqueous solution of the diamine. While the rate of our diamine will be higher than aspirin, the minimum point of ester hydrolysis will be around pH 4-5. Further, our solubility calculation predicts that the maximum solubility of the Diamine is attained at a pH’s below 8.5.  Therefore when considering the issues of solubility and degradation the optimum pH range lies between 4 and 5. Since the pKa's of our molecule are 9.67 and 9.83, this range guarantees that appreciable amounts of our Diamine (106/1 to 104/1) would be available in the protonated form.  Patient compliance should not be compromised, since the pH of 4 is approximately the acidity of orange juice. Finally the pH of 4.76 was selected because the pKa of our citrate buffer solution, monosodium citrate (acid) and disodium citrate (conjugate base) is 4.76. The maximum buffer capacity will be achieved when the pH of the solution equals the pKa of buffer system.
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Buffer System

From the above section, it has been determined that the optimal pH for the diamine formulation is between pH 4 and 5.  A formulation pH in this range balances the need for high solubility (i.e., when both amines are positively charged) and low rate of hydrolysis.  An effective buffer system is one in which the pKa of the acid component is within the desired range of pH 4 – 5.  One such compound is citric acid.  According to the 82nd edition (2001 – 2002) of the CRC Handbook of Chemistry and Physics (CRC Press, New York, p. 8-50), the pKas of citric acid are 3.13, 4.76, 6.40.  The pKa of 4.76 in well within the desired range; therefore, Monosodium Citrate will be the acid, while Disodium Citrate will act as the conjugate base as represented in the equation below:
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(C6O7H7–)Na+ + conjugate base2                 (C6O7H62-)Na22+ + acid2

Buffer capacity is defined as the capability of a buffer solution to resist changes in pH following the addition of a base or an acid.  Since our selection of pH for the solution equals the pKa of the buffer solution chosen, we can simplify our van Slyke Equation:

β = 2.303 C * ( Ka [H3O+] / {Ka + [H3O+]}2)

But pH = pKa; where Ka = [H3O+]

βmax = 2.303 C * ( [H3O+] * [H3O+] / {[H3O+] + [H3O+]}2)

Then,

βmax = 2.303 C * ( [H3O+]2 / 4[H3O+]2 )

βmax = 0.57575 C

It's known that the maximum buffer capacity rarely exceeds 0.2, and as stated on previous reports our diamine molecule has been determined to be very sensitive to pH variations. The ester hydrolysis is lowest at pH 4 and it increases greatly as the pH deviates to either ends from this point.  The diamine's sensitivity to pH fluctuation can be overcome by a high buffer capacity, which would prevent changes in pH and therefore hydrolysis of our diamine molecule. Although the high βmax value can make our solution hypertonic, tonicity is not a major concern for an oral formula.  Hence, the high-end value (0.2) for the maximum buffer capacity was selected for the van Slyke equation in order to calculate the total concentration of the buffer solution.  The total concentration of acid and conjugate base in our buffer solution was calculated to be:

C = 0.2/0.57575 = 0.3474M

According to the Henderson-Hasselbach equation,

pH = pKa + log ([base]/[acid])

when the pH equals the pKa,  the concentrations of acid and conjugate base are on a 1:1 ratio.  The pH of the formulation equals the pKa, which generates equal concentrations of Monosodium Citrate (acid) and Disodium Citrate (conjugate base):

acid concentration= conjugate base concentration = 0.3474/2 = 0.1737M

Using these values as well as the molecular weights for Monosodium Citrate (214.11g/mol) and Disodium Citrate (236.09g/mol), we conclude that our buffer solution would have 1.1157 grams of Monosodium Citrate (acid) and 1.2303 grams of Disodium Citrate (conjugate base) per 30ml of solution (See Formulation for an explanation on the 30ml).  Therefore, we would use 1.1157 grams of (C6O7H7–)Na+ and 1.2303 grams of (C6O7H6–2)Na2+2  to formulate the correct buffer solution to stabilize/resist pH changes which could potentially degrade our molecule ahead of time.

Monosodium Citrate (Acid):

[C6O7H7– Na+] = 0.1737M

Weight of C6O7H7– Na+ = 0.1737mol/L x 0.0300L x 214.11g/mol = 1.1157g

Disodium Citrate (Conjugate Base):

[C6O7H62- Na22+] = 0.1737M

Weight of C6O7H62- Na22+ = 0.1737mol/L x 0.0300L x 236.09g/mol = 1.2303g

Shelf-Life

Although it is mentioned that the rate of hydrolysis in our diamine is greater than that of aspirin, an exact rate constant k for the diamine cannot be determined from available resources.  Thus, the k value of aspirin hydrolysis is referenced to calculate the maximum limit for the shelf life of the diamine.  According to Edwards (IJ Edwards, Trans. Faraday Soc. 46, 723, 1950), at pH 4.8, 17 degrees Celsius, aspirin has a rate constant of approximately 0.1/day.  This k value corresponds to the pH-independent region (pH4-8) of aspirin's hydrolysis due to the carboxylate ion (-COO-).  It  is to our advantage to pick the k value at this pH because the absence of  the carboxylic acid would decrease the rate of ester hydrolysis in the diamine around pH 4-8, so that despite the upward shift brought on by the bromine atom, the actual rate constant of diamine at pH4-5 could not be too much higher than asprin's k value.  Subsequently, the shelf-life approximation of the diamine based on the k value at pH 4.8 of aspirin should not be too far off.
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This rate constant at 25 degrees Celsius can be calculated using the Arrhenius Equation below:

Log (k25/ k17) = (Ea/2.303R) ((T2-T1)/T1*T2)

k17 = 0.1/day

According to Dr. Romero, Ea is typically in the range of 12-24 kcal/mol for pharmaceutical degradation reactions:

Ea = 12 X 10^3 cal/mole

R = 1.987 cal/K mole

T1 = 290K

T2 = 298K

Log k25= Log k17+ (12 X 10^3 cal/mole/ 1.987 cal/K mole)((298K-290K)/(298K)(290K))

k25= 0.174885303/day

The rate constant calculated using the Arrhenius Equation can be further verified using the Q10 formula. To estimate k at 25 degree Celsius, the Q10 formula is applied where the 8o C-drop approximately doubles the rate constant as shown below:

k’ 25o = 2 * k17
k’ 25 = 2 * (0.1/day) = 0.2/day

Since shelf-life is defined as the time requires to degrade 10 % of the formula's initial concentration (Co), the t90 formula is applied. The pseudo-first order reaction model is used because water concentration is constantly high.  At t90, C t= (9/10) Co:
ln Ct  - lnCo = ln (9/10)Co - ln Co = - kt90

t90    = - ln 0.9/ k25 = 0.105/k25

Thus, the shelf-life for aspirin at room temperature using the k25 derived from the Arrhenius Equation at pH 4.8 is:

t90 = 0.105/0.17488day^-1 = 0.600393506 day = 14.409 hrs

It is deduced that 14.409 hrs is the maximum shelf-life for the diamine since its rate of degradation is greater than that of aspirin.  At room temperature, the shelf-life of the diamine is less than 14.409 hrs.
Given the short shelf-life of the diamine,  it is necessary to store the formulation at about 4 degree Celsius where the rate of hydrolysis would be reduced by 4 times (2Q10=k/4).  Therefore, if kept at 4 oC, the shelf-life of diamine is quadrupled, and is more likely to reach or exceed 14.409 hrs.  It is also noted that the aromatic ring of the diamine absorbs UV radiation at 254 nm (McMurry, 1992, p.515); therefore, an amber container must be used to protect the formula from light.  In addition, a stringent odor of sulfur would develop upon degradation of the diamine, which can be used as an indicator for expiration of the formula.

Formulation

According to the literature found on the package insert for Celebrex, the usual dosage for the treatment of Osteoarthritis is 100mg twice daily.  Therefore, we will make our dose have a composition of 100mg of drug (Diamine Molecule T) per tablespoon (15ml) of solution, which corresponds to a concentration of 0.01921M.  One of the greatest reasons to make the dose 100mg/15ml was to maximize patient compliance throughout treatment.  This concentration is much less than the maximum solubility of the drug in water (597mg/ml) which was shown on the Solubility-Hydrolysis Graph; thus, placing 100mg in 1 tablespoon will be a good choice for the solution. To make our formulation we will dissolve 200mg of the diamine molecule, 1115.7mg of Monosodium Citrate, 1230.3mg of the Disodium Citrate in 30ml of water.  The amounts of acid (Monosodium Citrate) and conjugate base (Disodium Citrate) used in the formulation seem to be very high due to the fact that a high buffer capacity value was selected in order to prevent pH changes that might hydrolyze our diamine molecule.  If the buffer capacity chosen had been 0.05 instead of 0.2, the amount of buffer used would have been halved.

Diamine Molecule T

100mg/15ml * 1mol/347.27g * 1000ml/1L * 1g/1000mg = 0.01921M

100mg/15ml = 6.67mg/ml * 30ml = 200mg
Monosodium Citrate (Acid)

0.1737mol/L * L/1000ml * 30ml * 214.11g/mol * 1000mg/1g = 1115.7mg
Disodium Citrate (Conjugate Base)

0.1737mol/L * L/1000ml * 30ml * 236.09g/mol * 1000mg/1g = 1230.3mg
Ingredient
Amount Needed

Water
30ml

Diamine Molecule T
200mg

Disodium Citrate (C6O7H62- Na22+)
1230.3mg

Monosodium Citrate (C6O7H7– Na+)
1115.7mg

Reference:

Lide, David R, Editor-in-Chief.  CRC Handbook of Chemistry and Physics. 82nd Edition. 2001-2002.

Haworth, Ian, Ph.D. Pharmaceutics I Lecture.  USC School of Pharmacy. 2001.
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sdSSulated T90 which is the shelf life, we can calculate how much volume we can make at one time. So, since T90 is 14.409 hours, the volume would be 30ml (if 100mg/15ml twice daily), then add 200mg diamine, 1115.7mg acid, 1230.3mg base, and water until the 30ml line. The acid and conjugate base are very high because we used a high buffer capacity value to prevent pH changes that might hydrolydiamine.
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