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Exhibit 5.7 Ames Test

The Ames test is based on the reversion of mutations in the bacterium
Salmonella typhimurium. Mutant strains of S. typhimurium, those with
mutations in the his operon, are unable to grow without addition of the
amino acid histidine. The drug to be tested is mixed with S. typhimurium
and a small amount of histidine in a nutrient medium. After the histidine
is consumed, the growth will stop if the drug is not a mutagen. However,
if the drug is a mutagen, it will induce a reversion in the his operon and
the bacterium will continue to grow.
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Exhibit 5.8 Clinical Trial Failures

Only one in 10 Investigational New Drugs (INDs) will become approved
as drugs. Half the IND failures are due to unacceptable efficacy. One-third
fail because of safety issues.

Toxicity failures occur for the following reasons:

+ Toxicity in animals is not fully understood and potential toxicity in
humans cannot be estimated.

+ Toxicity in animals is understood and potential toxicity in humans is
not acceptable.

+ Acceptable therapeutic margins (efficacy versus toxicity) cannot be
established.

« Toxicities in animals do not predict toxicity in human trials.
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Exhibit 5.9 Caco-2 Cell Assays

The Caco-2 cells are derived from human colorectal carcinoma. When
these cells are cultured on semipermeable membranes, they grow into
epithelial cells that are very similar to intestinal epithelial cells. The
permeability of drugs across these Caco-2 cells provides model tools for
the study of drug absorption.
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Exhibit 5.10 In Silico Predictive Methods

Expert Systems

« DEREK: Expert system for the prediction of toxicity (genotoxicity,
carcinogenicity, skin sensitization, etc.)

+ METAPC: Windows based metabolism and biodegradation expert
system

» METEOR: Expert system for the prediction of metabolic
transformations

» OncoLogic: Rule-based expert system for the prediction of
carcinogenicity

Data Driven Systems

» lazar: Open source inductive database for the prediction of chemical
toxicity

*+ MC4PC: Windows based structure-activity relationship (SAR) auto-
mated expert system

« PASS: Predicts 900 pharmacological effects, mechanisms of action,
mutagenicity, carcinogenicity, teratogenicity, and embryotoxicity

+ TOPKAT: Quantitative structure toxicity relationship (QSTR) models
for assessing various measures of toxicity

Source: Predictive Toxicology—Programs. http://predictive-toxicology.com/programs.html
[accessed September 17, 2007].
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Celebrex

Anti-inflammatory in 100 and 200 mg doses
Active ingredient: Celecoxib

Excipients: Croscarmellose sodium, edible inks, gelatin, lactose
monohydrate, magnesium stearate, povidone, sodium lauryl sulfate,
and titanium dioxide
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Avastin: Avastin is used for the treatment of colorectal cancer. It is sup-
plied in 100 and 400 mg dosages. The 100 mg formulation consists of 240 mg
o,o-trehalose dihydrate, 23.2 mg sodium phosphate (monobasic, monohy-
drate), 4.8 mg sodium phosphate (dibasic, anhydrous), 1.6 mg polysorbate
20 and water-for-injection.

Source: Food and Drug Administration. Avastin. http://www.fda.gov/imedwatch/SAFETY/
2005/Jan_PI/Avastin_PILpdf [accessed October 16, 2007].

Enbrel: Enbrel is used for the treatment of rheumatoid arthritis. It is
supplied as a sterile, preservative-free, lyophilized powder. The powder is
reconstituted with 1 mL sterile bacteriostatic water-for-injection (contain-
ing 0.9% benzyl alcohol) prior to parenteral injection.

Source: Food and Drug Administration. Enbrel. http://www.fda.gov/imedwatch/SAFETY/
2004/may_PI/Enbrel_PIL.pdf [accessed October 16, 2007].

PEG-Intron: PEG-Intron is used for the treatment of hepatitis C. The
product consists of a covalent conjugate of the recombinant interferon-
o-2b with monomethoxy polyethylene glycol (PEG) supplied in vials with
T4 ug, 118.4ug, 177.6 ug, or 222 ug of the active ingredient and 1.11mg
sodium phosphate (dibasic,anhydrous), 1.11 mg sodium phosphate (mono-
basic, dihydrate), 59.2mg sucrose, and 0.074mg polysorbate 80. The
powder is reconstituted with sterile water-for-injection.

Source: Food and Drug Administration. PEG-Intron. http://www.fda.gov/imedwatch/
SAFETY/2005/Jan_PI/PEG-Intron_PLpdf [accessed October 16, 2007].

Exubera (see also Exhibit 4.14): Exubera is an inhalable insulin for the
treatment of type I and II diabetes. Each dose consists of 1 or 3mg insulin
in a powder formulation with sodium citrate (dehydrate), mannitol,
glycine, and sodium hydroxide.

Source: Food and Drug Administration. Exubera. http:/media.pfizer.com/files/products/
uspi_exubera.pdf [accessed October 16, 2007].
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Lyophilized excipients include the following:

+ Bulking agent—mannitol

- Stabilizing agents—monosaccharides (glucose), disaccharides
(sucrose, lactose, maltose, and trehalose)

* Surfactants (nonionic)—polyethylene sorbitan monolaurate (Tween
20, Tween 80), pluronic, Triton, sodium dodecyl sulfate (SDS)

- Buffering agents—phosphate, citric, glutaric, succinic, carbonic acid
+ Chelating agents—to bind trace metals, EDTA 0.01-0.05%
« Antioxidants—to block specific chain reaction, 0.01-0.05%

* Preservatives—for multidose formulations, antimicrobial agents,
phenol (0.3-0.5%), chlorobutanol (0.3-0.5%), benzyl alcohol
(1.0-3.0%)

+ Isotonic agents (osmolality 285-290mOSm)—mannitol, sucrose,
glycine, glycerol, and sodium chloride

Aladl) 3Ll Aanl Cangd alai ) Wi Jy a5 gl Sl 8 peafia 3a3 Al Lld ol pall ol aUai ady Lod
Jlasn ge e pall dae (il 5wl el Sl siiae (8 LS el oSailly ) el dihial el gea s Glaas
G sl i aatn A Ay paW Al Aaliy (i pall Lilae iy 31 il Bkl cuiads (5 pal) il
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el (A sl LSl saeal) 3 jlac o5l A cellulose acetate phthalate sabe il gecaddl (i o5 1l
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TABLE 54 Bioavailability of Oral Drugs

Bioavailability Dosage Form

Fastest Solutions
Suspensions
Capsules
Tablets
Coated tablets
Slowest Controlled release form

2 Gim Lo 13 5 e gl aladinly Jasadll (3 ke e sLY) Gl e dae (e Y L 5 o) sall Ly e AUl (S
Sl 5 biodegradable Liss S 53ie <l yad sl 538 smicrospheres, polymer micelles and hydrogels
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Exhibit 5.15 Polymeric Drug Delivery Systems

Two new developments are the dendrimers (highly branched, globular,
synthetic macromolecules) and modified buckyballs. Together with hydro-
gels, they are tailored to provide targeted delivery.

The dendrimers form small micelles, which transport small molecules
within their matrices or act as hubs for covalent bonding to drug
molecules, extending like dendrites. In this way, they can shepherd high
concentrations of drugs to targets.

Buckyballs are cage-like molecules of fullerenes. They are robust and
can carry radioactive drugs to targets. Research is directed at using these
buckyballs as delivery systems for the treatment of cancer.

Hydrogels are 3D cross-linked polymer networks. They can withstand
acid conditions and release the entrapped drug molecules. Purdue Uni-
versity researchers have used a poly[methacrylic acid-g-poly(ethylene
glycol)] hydrogel to encapsulate insulin, which could be released by pH
trigger.

Source: Vogelson CT. Advances in drug delivery systems, Modern Drug Discovery
4(April):49-50, 52 (2001).
Alall s e 31 5 de jall A guiae A8LEELY) JSEYIS sophisticated form @las ST s Al el ddail @lia
1o Osn all bl
Exhibit 5.16 Needleless Injection

The sight of a hypodermic syringe is enough to send shivers down the
spines of most patients, besides the agony of enduring the pain.

Needleless injections are new devices to bypass this problem. Drugs in
powder or liquid form can be injected into the subcutaneous layer in the
following ways:

« Propelled by a jet stream of compressed air
« Fired as pellets similar to that of bullets from rifles

+ Electroporation (a temporary application of direct current, which
disturbs the skin surface and allows penetration of the drug
molecules)

Needleless injection is ideal for frequent injections, as in the cases of
insulin and growth hormone, which are administered routinely.

: process development 4slaadl gk - 6
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In the UK and Europe marketing authorisation application (MAA)= in the USA the new drug
application (NDA).
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Preclinical Clinical NDA Review Postmarketing
Research and Research and development Surveillance
development

Initial synthesis Adverse
and reaction
characterization Phase 1 reporting
Phase 2
Surveys/sampling
Phase 3 testing
Animal testing
Short-term
Long-term
Inspections
A 4 Iy
Average 6"/, years Average 7 years Average 1, years
FDA 30-day safety review NDA submitted NDA approval
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Parts of Solvent Required
Descriptive Term for 1 Part of Solute
Very soluble Less than 1
Freely soluble From 1 to 10
Soluble From 10 to 30
Sparingly soluble From 30 to 100
|Slightly soluble From 100 to 1,000
Very slightly soluble From 1,000 to 10,000
Practically insoluble, or Greater than or equal to
Insoluble 10,000
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Table 2.2.2.-1

Volume in millilitres

Standard solution Yellow Red Blue Hydrochloric acid
solution solution solution (10 g/1 HCI)

B (brown) 3.0 3.0 2.4 1.6

BY (brownish-yellow) 2.4 1.0 0.4 6.2

Y (yellow) 24 0.6 0.0 7.0

GY (greenish-yellow) 9.6 0.2 0.2 0.0

R (red) 1.0 2.0 0.0 7.0
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Boric Acid

General Notices
{Ph Eur monograph 0001)
H:BO; 61.8 10043-35-3

Ph Eur

DEFINITION

Content
99.0 per cent to 100.5 per cent.

CHARACTERS

Appearance

White or almost white, crystalline powder, colourless, shiny plates greasy to the touch, or
white or almost white crystals.

Solubility

Soluble in water and in ethanol (96 per cent), freely soluble in boiling water and in glycerol (85
per cent).

IDENTIFICATION

A. Dissolve 0.1 g by gently heating in 5 ml of methano! R, add 0.1 ml of sulphuric acid R and
ignite the solution. The flame has a green border.

B. Solution S (see Tests) is acid (2.2.4).
TESTS

Solution S

Dissolve 3.3 g in 80 ml of boiling distilled water A, cool and dilute to 100 ml with carbon
dioxide-free water A prepared from distilled water R.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method /).

pH (2.2.3)
3.8 to 4.8 for solution S.

Solubility in ethanol (96 per cent)
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NHTFA NHTFA NHTFA
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—_— o o]
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3 N o NaOH N o
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E1OH, 3 A MS Nowll 70 Nl
88% \_J o )" “on
21191 dr Lisinopril (2)
Scheme 10.4.

marketed as Zestril® by AstraZeneca. The Merck group systematically substituted the P1’
position of enalapril with a variety of amino acids (Patchett, 1993). To their surprise,
lysine substitution at this position had not only good intrinsic potency, but showed good
oral activity. The researchers speculated that an additional beneficial interaction was
gained that compensated for the steric bulk of the amino-substituted butyl group. A
crystal structure of lisinopril bound to human testis ACE reveals that the lysyl amine
forms a hydrogen bond with Glu 162 of the S1" pocket (Natesh et al., 2003). In contrast
with the majority of ACE inhibitors, lisinopril is administered as the diacid. The relatively
good, but variable. oral absorption is attributed to active transport involving a peptide
carrier (Friedman and Amidon, 1989).

The synthetic development of lisinopril (Scheme 10.4) parallels that of enalapril. The
medicinal chemistry synthesis employed a nonselective reductive alkylation for the installa-
tion of the carboxyalkyl substituent (Harris et al.,, 1980; Wu et al., 1985), and the Merck
process group later published a more refined route that takes advantage of the stereo-
selective reductive alkylation developed for enalapril (Blacklock et al., 1988). The
N-carboxyanhydride 19 was prepared, and coupled with proline under basic conditions to
produce dipeptide 20. Again using Raney nickel, reductive condensation of 13 and 20 pro-
ceeds with 19:1 selectivity for the desired (5.5.5)-diastereomer 21. Sodium hydroxide
effects the concomitant hydrolysis of the trifluoroacetamide and saponification of the ethyl
ester, and after recrystallization, lisinopril (2) is obtained in greater than 70% vield as the
dihydrate. Of interest, the trifluoroacetamide remains intact in the highly acidic NCA for-
mation and the slightly caustic condensation with proline, but is easily cleaved in this last step.
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Sulfadiazine

%P M) Alaially Alesall dizal
. Sall sl s pdl o

CioH10N4O,S 250.28

Benzenesulfonamide, 4-amino-N-2-pyrimidinyl-;
N'-2-Pyrimidinylsulfanilamide [68-35-9].

DEFINITION
Sulfadiazine contains NLT 98.0% and NMT 102.0% of

(Aetiall 3 gan) iy yail)

CioH10N4O:S, calculated on the dried basis.
IDENTIFICATION

¢ A. INFRARED ABSORPTION (197K)
* B.
Sample: 50 m

i L dgilihe) il ains)
(st IS sanY)

Analysis: Cane?ull;«r melt the Sample in a small test fube.

Acceptance criteria: A reddish brown color develops
upon melting, and the fumes evolved during decompo-
sition do not discolor moistened lead acetate test paper

(distinction from sulfathiazole).
e C
Sample: 1

Analysis 1: Gently heat the Sample in a small test tube
until a sublimate is formed. Collect a few mg of the
sublimate with a glass rod, and mix in a test tube with
1 mL of a solution (1 in 20) of resorcinol in alcohol.

Add 1 mL of sulfuric acid, and mix by shaking.

Acceptance criteria 1: A deep red color appears at

once.

Analysis 2: Cautiously dilute the mixture obtained in
Analysis 1 with 25 mL of ice-cold water, and add an

excess of 6 N ammonium hydroxide.

Acceptance criteria 2: A blue or reddish blue color is

produced.

27




(CosSall bl Ll silay ) daial
UV GiliSe (L1) €18 ) skl

ASSAY

¢ PROCEDURE
Mobile phase: Acetonitrile, water, and glacial acetic acid
(12:87:1)
Standard solution: 1 mg/mL of USP Sulfadiazine RS in
0.025 N sodium hydroxide
Sample solution: T mg/mL of Sulfadiazine in 0.025 N

sodium hydroxide Gal Al el
Chromatographic system sl Clelay Lela
(See Chromatography (621), System Suitability.)

Mode: LC

Detector: UV 254 nm
Column: 4-mm x 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 uL
System suitability
Sample: Standard solution
Suitabililz requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%, five
injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sulfadiazine (CioH10N4OS)

in the portion of Sulfadiazine taken:
Jalusadl la) Auylidl

Result = (ry/rs) x (Cs/Cy) x 100 (Al s
ru = peak response of sulfadiazine from the Sample
solution
rs = peak response of sulfadiazine from the
Standard solution
Cs = concentration of USP Sulfadiazine RS in the

Standard solution (mg/mL)
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Cy = concentration of Sulfadiazine in the Sample
solution (mg/mL)
Acceptance criteria: 98.0%-102.0% on the dried basis

IMPURITIES
¢ RESIDUE ON IGNITION (281): NMT 0.1%
* SELENIUM (291)

Sample: 200 mg

Acceptance criteria: NMT 30 ppm TLC = Lan Aaliie ) il 52l)

o HEAVY METALS, Method Il (231): NMT 20 pp

(BP) Caalioall ala

alalll aleall

¢ ORDINARY IMPURITIES (466)
Diluent: Toluene and dimethylformamide (2:1)
Standard solutions: 0.008, 0.041, 0.08, and 0.17 mg/
mL in Diluent
Sample solution: 8.3 mg/mL in Diluent
Eluant: Chloroform, methanol, and ammonium hydrox-

ide (30:12:1)
Visualization: 11

SPECIFIC TESTS
¢ CLARITY AND COLOR OF SOLUTION

dslaall osls 3y

Ciiailly 3

Sample: 1
Analysis: Dissolve the Sample in a mixture of 20 mL of
water and 5 mL of 1 N sodium hydroxide.
Acceptance criteria: The solution is clear and not more
deeply colored than pale yellow.
* ACIDITY
Sample: 2
Analysis: Digest the Sample with 100 mL of water at
about 70° for 5 min. Cool at once to room tempera-
ture, and filter. To 25.0 mL of the filtrate add 2 drops of
henolphthalein TS, and titrate with 0.10 N sodium
ydroxide.
Acceptance criteria: NMT 0.20 mL is required to pro-
duce a pink color.
e Loss ON DRYING (731)
Analysis: Dry a sample at 105° for 2 h.
Acceptance criteria: NMT 0.5%

ADDITIONAL REQUIREMENTS
* PACKAGING AND STORAGE: Preserve in well-closed, light-

resistant containers.
¢« USP REFERENCE STANDARDS (11)

Al 5 Caladl)

USP Sulfadiazine RS
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Sulfadiazine Tablets

DEFINITION

Sulfadiazine Tablets contain NLT 95.0% and NMT 105.0%
of the labeled quantity of CioH.0N4O;S.

IDENTIFICATION
e A. INFRARED ABSORPTION (197K)
* B. MELTING RANGE OR TEMPERATURE, Class la (741)
Sample solution: Equivalent to 100 mg/mL of sulfadia-
zine from finely powdered Tablets in chloroform
Analysis: Transter the Sample solution to a small filter.
Wash with 5 mL of chloroform, and discard the filtrate.
Triturate the residue with 10 mL of 6 N ammonium hy-
droxide for 5 min, add 10 mL of water, and filter. Warm
the filtrate until most of the ammonia is expelled, cool,
and add 6 N acetic acid until the reaction is distinctl
acid: a precipitate of sulfadiazine is formed. Collect the
precipitate on a filter, wash it with cold water, and dry
at 105° for 1 h.
Acceptance criteria: The sulfadiazine melts at
250°-254°.

ASSAY
 PROCEDURE

Mobile phase: Acetonitrile, glacial acetic acid, and water
(12:1:87)
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Standard solution: 1 mg/mL of USP Sulfadiazine RS in

0.025 N sodium hydroxide

Sample solution: 1T mg/mL of sulfadiazine from pow-| &= e e Ky
dered Tablets in 0.025 N sodium hydroxide. [NOTE—] )l duilaic ik a0

Weigh NLT 20 Tablets, shake the solution for 30 min

and centrifuge, if necessary.] lels Qs Ael) Jpns
Chromatographic system Uad Al assall Glela

(See Chromatography {621), System Suitability.)
Mode: LC

)5 T J slaal)

Detector: UV 254 nm
Column: 4-mm x 30-cm; packing L1
Flow rate: 2 mL/min
Injection size: 10 puL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for sulfadiazine
Relative standard deviation: NMT 2.0% (five repli-
cate injections)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C,oH10N4O:S in the portion
of Tablets taken:

Result = (ru/rs) x (Cs/Cy) x 100

ry = peak response from the Sample solution

rs = peak response from the Standard solution

Cs = concentration of USP Sulfadiazine RS in the
Standard solution (mg/mL)

nominal concentration of sulfadiazine in the
Sample solution (mg/mL)

Acceptance criteria: 95.0%—-105.0%

PERFORMANCE TESTS

N
c
I

e DISSOLUTION (711) Oaually  thasal)
Medium: 0.1 N hydrochloric acid; 900 mL L gas AN ani
_IA_pparatus 2: 75 rpm dae sall Glaa )

i

me: 20 min

uasad

Detector: UV, 242 nm

Analysis: Determine the quantity of CiogH10N2O2S dis-
solved by using UV absorption on filtered portions of
the solution under test, in comparison with a Standard
solution having a known concentration of USP Sulfadia-
zine RS in the same medium. Use Medium as the blank
and cells with a path length of 0.1 cm.

Tolerances: NLT 70% (Q) of the labeled amount of
C](}H]DN4OZS is dissolved.

e UNIFORMITY OF DOSAGE UNITS (905): Meet the
requirements

ADDITIONAL REQUIREMENTS

e PACKAGING AND STORAGE: Preserve in well-closed, light-
resistant containers.

e USP REFERENCE STANDARDS (11)
USP Sulfadiazine RS
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Dissolve 1.0 g in 100 ml of boiling water R, add 5 ml of dilute sulphuric acid R and 0.5
ml of 0.002 M potassium permanganate, mix and boil gently for 5 min. The pink colour

is not completely discharged.
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Table 1. Values of n, p, orr for the N sampling units®

Values of N

Value of n, p, or r n plan p plan r plan
2 up to 3 up to 25 up to 2
3 4-6 26-56 34
4 7-13 57-100 5-7
5 14-20 101-156 8—-11
6 21-30 157-225 12-16
7 3142 17-22
8 43-56 23-28
9 57-72 29-36
10 73-90 37-44
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A: Closed spear for sampling large grains such as maize

=

B: Closed spear for sampling small grains such as wheat

(C ~ N

C: Open spear

D: Double-tube spear
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Table 3.1 Example of paired data

Batch UV spectrometric assay MNear-infrared reflectance spectroscopy
1 84.63 83.15
2 84.38 83.72
3 84.08 83.84
4 84.41 84.20
5 83.82 83.92
6 83.55 84.16
7 83.92 84.02
8 83.69 83.60
9 84.06 84.13

10 84.03 84.24
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Quantitative Analysis
PRUBRR
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) il (3 5k bt LY 50l gy s
spectrophotometric Assay 40%
Non-aqueous Titratrions 20%
aqueous Titrations 10%
HPLC- Assays 10%
GC-Assays 5%

TLC, biological Assays, gravimetric assays 5%
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NaCl+AgNO; — » Agcg + NaNO;

58.44  160.88 14332 84.99
Cl + Agf — AgCl
35.46 107.88 143.34
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Acid/Base titration
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HCIO, -9
HCI -3
H,SO4 -3
HNO; -1.32
Acetic Acid (AA) 4.75
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CO32+H" —— HCO; ( PKa=10.32)(1
(2HCO; +Ht——> H,CO; ( PKa=6.38)
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ASSAY

Dissolve 0.250 g in 25 ml of acetone R and add 0.5 ml of bromothymol blue solution R1.

Phenylbutazone:

Titrate with 0.1 M sodium hydroxide until a blue colour is obtained which persists for 15 s.
Carry out a blank titration.
1 ml of 0.1 M sodium hydroxide is equivalent to 30.84 mg of C19H2oN205.

Ascorbic acid:
(3 il Sl o) 2 geally e el ) Sl (s
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RNH3"+ OHF ——— RNH, + H,0
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Boaladll
CH
Y\NACHs CHO L HO
0o
CH,  CH

3

Lidocaine HCI

ASSAY:

Dissolve 0.220 g in 50 ml of alcohol R and add 5.0 ml of 0.01 M hydrochloric acid. Carry out
apotentiometric titration (2.2.20), using 0.1 M sodium hydroxide. Read the volume added
between the 2 inflexion points.

1 ml of 0.1 M sodium hydroxide is equivalent to 27.08 mg of C14H23CIN,O .

€92 AL 3 laally ) i)

@]
@AO/\‘@
ASSAY:

To 2.000 g add 50.0 ml of 0.5 M alcoholic potassium hydroxide and boil gently under a reflux

Benzyl benzoate

condenser for 1 h. Titrate the hot solution with 0.5 M hydrochloric acid using 1 ml of

phenolphthalein solution R as indicator. Carry out a blank determination.
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1 ml of 0.5 M alcoholic potassium hydroxide is equivalent to 106.1 mg of C14H1,0..
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Jeliy () 4 Lo ey S 5l e (e ST 530S i gpoll Adl] Al i) e Laiy ¢ i) (mend
oulS 4

33 Les gaae (ude aladiul il 58 JAY) Aalal) Cieain ZOLY1 5l amphoter el S ) Al
e a5 Asale Ll pa) oS Y Al Gl el (any o) jals rass s 65 Jad) Gana Agkaill 8 CaDERY)

D80 alagy @lld g ¢ elall 2 gm0 i) (man )Y saie dadady A eliand) aes ele S el (e ) Ciliay
i) ey I3 L e o) el 33kl Ll | lae JslaaS ol ) K (368 ana e o)

Apall (DU Al ) jladl)

s odeal) Jslaall
Me-COOH + HCIO4 __, Me-COOH," +ClOy4
acetacidium
43 ylae 2 all Jslaall 8
Me-COOH+B — Me-COO™ + BH"
75 il oL
Me-COOH," + Me-COO" —— 2Me-COOH
il

Me-COOH," + Indicator - Indicator-H" + Me-COOH

Indicator:

» gentian violet: 0.5%/AA: violet-blue green yellow/green (titration of weak
bases).
methyl Red : 0.2%/dioxan (yellow-Red).
thymol blue: 0.2%/MeOH (Yellow-Blue), titration of acids/ DMF.
Quinaldine red: 0.1% EtOH (Purpur-green)/ stupefiant dosage/DMF.
potentiometrically (coloured material).

s Sl ¥ An) ) n g g g sl 268 Sl (58 el mle (S8 4 e 3l bl S Lexie
LaS Allal) o3 b Jelaill () 6 Y 5 o s o) 53 )L8 re elil€ Gy U i1 o8 Y €lli 55 el 6] al Jd
() S sl )
Cl' + Me-COOH*; «—— HCI + Me-COOH
s Al Y aleall A LS Gl ) IS 5l (menn 3 paiall i) @lld aey et 3 ¢ 031 el ddlia) Sl
2CI" + Hg(Me-CO0), ——» HgCl, + 2 Me-COO
Me-COO" + Me-COOH"z_> 2Me-COOH
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o) al U8 s GaSlaall ¢ V) AN 3Y dala ¥ 4ld ¢ Capaa (aead el JS 45 lra 3 jall a4 S5 Laie Ll
.ﬁ“\l .‘.:“\<_5'm I3 L..d..\.:u‘i 3 Q\)L\")S d::\“ Z\s:\a_.zd\ ua sAAj\ CA w‘\ﬂ Cvu\i.s ¢ b‘):\LLAM

phenylephrine.HCI

H OH
N

H

Chloride behave as a base
Me-COOH," +CIT — Me-COOH + HCI (not quantitative)
2CI" +Hg(Me-CO0Q), —* HgCl, +2Me-COO
Me-COOH," + Me-COO" ——» 2Me-COOH

Examples:
Levo Dopa
CO2H
H NH,
HO
OH
CoH11NO4 197.2
ASSAY

Dissolve 0.180 g, heating if necessary in 5 ml of anhydrous formic acid R and add 25 ml of
anhydrous acetic acid R and 25 ml of dioxan R. Titrate with 0.1 M perchloric acid, using 0.1
ml of crystal violet solution R as indicator, until a green colour is obtained.

1 ml of 0.1 M perchloric acid is equivalent to 19.72 mg of CgH1:NO,.

Metronidazol
O2N
2\ N /\/OH
S
CsHyN30O3 171.2
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ASSAY
Dissolve 0.150 g in 50 ml of anhydrous acetic acid R. Titrate with 0.1 M perchloric acid,
determining the end-point potentiometrically.

1 ml of 0.1 M perchloric acid is equivalent to 17.12 mg of C¢HgN3O:s.

Lidocaine
CH; "
\H/\ N ACHs
o S
C14H2,N,O 234.3
ASSAY

To 0.200 g add 50 ml of anhydrous acetic acid R and stir until dissolution is complete. Titrate
with 0.1 M perchloric acid, determining the end-point potentiometrically .

1 ml of 0.1 M perchloric acid is equivalent to 23.43 mg of C14H2,N,0.

Liaal) (i ganll Luladll) &) yilaal)
Tetrabutyl ammonium hydroxide/DMF i Lithium methoxide /MeOH a3l «
L 5aS 8 lacal) dles s apans ) (i€l sl 5 Thymol blue: il o

Glipizide
00 © Q
0 /VQ/S‘NJ\N
H H
N\
o
™ N7
CyHoiNsO,S 4455
ASSAY

Dissolve 0.400 g in 50 ml of dimethylformamide R. Add 0.2 ml of quinaldine red solution
R. Titrate with 0.1 M lithium methoxide until the colour changes from red to colourless.

1 ml of 0.1 M lithium methoxide is equivalent to 44.55 mg of C21H27N50,S.
Hydrochlorthiazide

o 0O o O
AW/ W/

A S.
Cl N

C7HgCIN30,S; 297.7
ASSAY
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Dissolve 0.120 g in 50 ml of dimethyl sulphoxide R. Titrate with 0.1 M tetrabutylammonium
hydroxide in 2-propanol , determining the end-point potentiometrically at the second point of
inflexion. Carry out a blank titration.

1 ml of 0.1 M tetrabutylammonium hydroxide in 2-propanol is equivalent to 14.88 mg of
C7HsCIN304S,.

Sulfafurazol

C11H13N303S 267.3
ASSAY
Dissolve 0.200 g in 50 ml of acetone R. Titrate with 0.1 M tetrabutylammonium hydroxide
using a 4 g/l solution of thymol blue R in methanol R as indicator.
1 ml of 0.1 M tetrabutylammonium hydroxide is equivalent to 26.73 mg of C1;H13N303S.
Phenobarbital

C12H12N203 232.2
ASSAY
Dissolve 0.100 g in 5 ml of pyridine R. Add 0.5 ml of thymolphthalein solution R and 10 ml
of silver nitrate solution in pyridine R. Titrate with 0.1 M ethanolic sodium hydroxide until a
pure blue colour is obtained. Carry out a blank titration.
1 ml of 0.1 M ethanolic sodium hydroxide is equivalent to 11.61 mg of C1,H12N20:s.

H“sﬂ\ LAYE 9
Oxim titration

example: camphor (USP30), carvon HsC -
« RCH=0O orR1R2C=0 +H2N"-OH — ,  Oxime HsC~

hydroxilamine hydrochloride '
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Assay— Transfer 2.0 mL of Camphor Spirit to a suitable pressure bottle containing 50 mL of
freshly prepared dinitrophenylhydrazine TS. Close the pressure bottle, immerse it in a water
bath, and maintain at about 75 for 16 hours. Cool to room temperature, and transfer the contents
to a beaker with the aid of 100 mL of 3 N sulfuric acid. Allow to stand at room temperature for
not less than 12 hours, transfer the precipitate to a tared filter crucible, and wash with 100 mL of
3 N sulfuric acid followed by 75 mL of cold water in divided portions.

Continue the suction until the excess water is removed, dry the crucible and precipitate at 80 for
2 hours, cool, and weigh. The weight of the precipitate so obtained, multiplied by 0.4581,

represents the weight of C1oH160 in the specimen taken.
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( Argentoacidimetric Titration) <aeal) duadll (ulia 3 plaall

e Sas 0S| (5518 3yl L yad (OH™, SHY, NH™, CHY) Jie dsiida ol Cile sanall (o ytal) A paniSS Y
5o delall e samy Lo Auzail) mle o lsdl) Cama ol JSG e 5 el 2L IS (5 51 o 55 el Cua
e (gl i g s ) ) yad e AU (i geall 5 il Jgusy 13

X-H +Ag+ > X-Ag l + H+

:Jln L) g calld 81 3 plaa JUia
O
HaC . H
A
o) N

N
CH,
ASSAY :
Dissolve 0.150 gin 100 ml of water R, add 20 ml of 0.1 M silver nitrate and shake. Add 1 ml of
bromothymol blue solution R1. Titrate with 0.1 M sodium hydroxide.
C;HgN40,180.2
1 ml of 0.1 M sodium hydroxide is equivalent to 18.02 mg of C;HgN4O,.

Liail) Gy 5 _laal)

Argentimetric titration

ClI'+ Ag+ — AgClI
2 Ag+ + CrO,” ——» Ag,CrO, (yellow- brown/red)
Ll ) AgNO3 dazaill @l i (g 3343 Ciliad Cus back titration g ssolb s el o e sai <Y1 45, )
sSAmmonium Thiocyanate s s se¥) il sfis Luzadll <y 8305 el &5 gl ol 2 IS gl e 4 5al)
:Oilalaall Casn pen) Ggl dany Cua GON™ 524 3 iS5 sanall cililas o i gl i3 adiiuy
Ag+ + NH4SCN —> AgSCN + NH;NO;
Fe** + 3SCN’ —» Fe(SCN); +3SCN — [Fe(SCN)s]*
by @l 5 Yl Ji S (S je ddaul 5 Coating 4wl sl AGCT il g i angy & 9a 5l 3 el 6 ja) Jd
Aazdll 3y 5 618 dissociation 2 (3 il 5 <l sl
Example:

Thiamine chloride:
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HO C,H,.CIN,OSHCI ~ 337.3

Example :

KCI:

ASSAY

Dissolve 1.300 g in water R and dilute to 100.0 ml with the same solvent. To 10.0 ml of the
solution add 50 ml of water R, 5 ml of dilute nitric acid R, 25.0 ml of 0.1 M silver nitrate and 2
ml of dibutyl phthalate R. Shake. Titrate with 0.1 M ammonium thiocyanate, using 2 ml of
ferric ammonium sulphate solution R2 as indicator and shaking vigorously towards the end-
point.

1 ml of 0.1 M silver nitrate is equivalent to 7.46 mg of KCI.

GilaSeall (ulila i pilaa
Compleximetric titration
Edtate 2sall 4ale JEDTA <S¢ (o e Jolaay galaadl 23l ol @l pladll oda aadius -
:disodium
HOOC-C Hj CH;-COOH
:N—{TH2 CHE—N: )
HOOC-CH} CH;-COOH

structure of EDTA

«  EDTA+Me®3"*)1/1, stable complex
* Ca, Mg, instable complex at low pH
* General equation for titrations:
M™ + Na,EDTA —  , (MEDTA)™ +2H*
On o) 8kl a5 anall (ge AL AaS wa (sl dine JiSE e a8 e aladiuly b el dles CRES
O S ) g3 Le ddeall jUalil EDTA 30y )
* Exemple: Bacitracine Zinc,

* Cagluconate:
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C a2+

C12H22Ca014,H20 448.4

ASSAY
Dissolve 0.8000 g in 20 ml of hot water R, allow to cool and dilute to 300 ml with water R. Carry
out the complexometric titration of calcium .

1 ml of 0.1 M sodium edetate is equivalent to 44.84 mg of C;,H2,Ca014,H,0.

Calcium

Introduce the prescribed solution into a 500 ml conical flask, and dilute to 300 ml with water R.
Add 6.0 ml of strong sodium hydroxide solution R and about 15 mg of calconecarboxylic acid
triturate R. Titrate with 0.1 M sodium edetate until the colour changes from violet to full blue.

1 ml of 0.1 M sodium edetate is equivalent to 4.008 mg of Ca.

dine JS5 EDTA Jislae (03305 ge dial) A Cum g g 1l 6 plad) 38yl ) g3 e Gobaall =Sl i (g

estee 3€ 5 3 MEP 51 Zn"2 1 e e Jslaa 3ol 3 et 3 e s amall (e il 53

Example :

Dried Aluminium Hydroxide:

Dissolve 0.800 g in 10 ml of hydrochloric acid R1, heating on a water-bath. Cool and dilute to
50.0 ml with water R. To 10.0 ml of the solution, add dilute ammonia R1 until a precipitate

begins to appear. Add the smallest quantity of dilute hydrochloric acid R needed to dissolve the
precipitate and dilute to 20 ml with water R. Carry out the complexometric titration of
aluminium .

1 ml of 0.1 M sodium edetate is equivalent to 5.098 mg of Al,Os.

Aluminium
Introduce 20.0 ml of the prescribed solution into a 500 ml conical flask, add 25.0 ml of 0.1 M

sodium edetate and 10 ml of a mixture of equal volumes of a 155 g/l solution of ammonium

acetate R and dilute acetic acid R. Boil for 2 min, then cool. Add 50 ml of ethanol R and 3 ml of a
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freshly prepared 0.25 g/l solution of dithizone R in ethanol R. Titrate the excess of sodium edetate
with 0.1 M zinc sulphate until the colour changes from greenish-blue to reddish-violet.

1 ml of 0.1 M sodium edetate is equivalent to 2.698 mg of Al.

Notes: in the same way, the complexometric titrations of Mg, Pb, Zn are carried out as follow:
Magnesium:

Introduce the prescribed solution into a 500 ml conical flask and dilute to 300 ml with water R.
Add 10 ml of ammonium chloride buffer solution pH 10.0 R and about 50 mg of mordant black
11 triturate R. Heat to about 40 °C then titrate at this temperature with 0.1 M sodium edetate until
the colour changes from violet to full blue.

1 ml of 0.1 M sodium edetate is equivalent to 2.431 mg of Mg.

Lead:
o)
|
C
o CH
(@] s ‘ [ E
€ +—— CH,- ‘
Ot ‘ N CH,
TEPh= \ + SO4
o0 ‘ TN CH,
o CH,
o~ \
o] CH,
c
|
e}

Introduce the prescribed solution into a 500 ml conical flask and dilute to 200 ml with water R.
Add about 50 mg of xylenol orange triturate R and hexamethylenetetramine R until the solution
becomes violet-pink. Titrate with 0.1 M sodium edetate until the violet-pink colour changes to
yellow.

1 ml of 0.1 M sodium edetate is equivalent to 20.72 mg of Pb.

gLV g BansY) Luliiay 3 plaal)
Redox titration
Leipbae 3l el 53 el 5ol Gy il SV JUE) e g pla ) 3auSYT @l plae -
Al adll judi Cus g yISIY) QLY S all 2 2l il g8 Rduction potentiel glaoY) 2 -
(o s ST i 4 in Lo e 58 S50 e 58 L 5 g las¥) g Sl (o G g la Y 2 Al
Aaddie pla ) 2 g D ) ga
a0 gla ) g 33l )5S Laxie  (Redox Pair) gla ) 5auSh z 55 Lo salal aan el 5 2S5l JSEI oy -
z) 5ol pand Egdaall gla Y1 dsea MU gl meia gn aidiie gla ) 2ea L (a0 Bale 3ausl 2alal) s2a ke
0 2l (53 solmall Gaa s uel) a5 Sl 4w REDOX
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(V)Eo

ce*'/ce’* 1.61

MnO, /Mn* 1.51

Cl/CI 1.36
Bro/Br 1.065
Fe>*/Fe? 0.771
/1 0.536

H./H2 0

Fe2+/Fe -0.44
Ca2+/Ca -0.288

A cend lanlisi Glialall colS 13 4nld (S 2 aeal) G L i a5 Jeldll sea oiske On el (8 LA e
- 1.36-1.065= 0.295 V - Tsbuse Jelitl sea o558 5 a5l 300l Jall 5l aduinny ik 28l 5eS

ozl (alia T ud JB1 i Gllia 5 {e s gl l-52uSY) Cllia JST (e JodOmetry G sl ol plaall ygia
cpill 5 sl s Bromatometry Slesudl (sl spermanganometry cliziesdl (wlds scerimetry
.Periodatometry, nitritometry

=5 pudilaal) 49 gall &l palaal)

:Lﬂ:\g‘)}&y\m’Bﬁmd&

I +2e — > 21
H
_.OH
HO o
0
HO OH

ASSAY:
Dissolve 0.150 g in a mixture of 10 ml of dilute sulphuric acid R and 80 ml of carbon dioxide-
free water R. Add 1 ml of starch solution R. Titrate with 0.05 M iodine until a persistent violet-
blue colour is obtained.
1 ml of 0.05 M iodine is equivalent to 8.81 mg of CsHgOs.
sl ol 3 st ams oLl e 8 bl Al IS oy g guall s gy 3 all Jslaa a3
dimercaprol cis 3 _nbea 1 AT i
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ASSAY
To 1 g add 20 ml of 0.1M hydrochloric acid and titrate with 0.05M iodine VS. Each ml of 0.05M
iodine VS is equivalent to 6.21 mg of C3HgOS,. Use the weight per ml of the injection to calculate
the percentage w/v of C3HgOS..
3gall Al & plaa
A s 8 WS 5 dale aladiul ay gl (e lodine displacement titrations sl s a3 < yilaay <Y il 3 e o
2 pall il sy ) jatall 3l il
D PHB Sl (S50 dig e s MHB @l (S 550 Jitae o0V 51l 3 jlae JUa
s J sl i
psanlisdl Slas i e ke Jslae (0 2330 aaa ae a saali ) daa g 50 Jeld e jadl o gl Al g
BrO; +5Br +6H" —, 3Bn,
2o ndse 3 Al Jdsid Jse ) Aty Jgidl) pe Jeldly a5l ) )at
3Br2 + Ph — 3HBr
O o @) 5 assall il s ey A1 jall 25l A g Lee gl ae deliill e (el jal) ol Jeliy
B FSBUR Y

Br,+2T —>» 2Br +1,

ASSAY:

Dissolve 2.000 g in water R and dilute to 1000.0 ml with the same solvent. Transfer 25.0 ml of
the solution to a ground-glass-stoppered flask and add 50.0 ml of 0.0167 M bromide-bromate
and 5 ml of hydrochloric acid R, close the flask, allow to stand with occasional swirling for 30
min and then allow to stand for a further 15 min. Add 5 ml of a 200 g/l solution of potassium
iodide R, shake and titrate with 0.1 M sodium thiosulphate until a faint yellow colour remains.
Add 0.5 ml of starch solution R and 10 ml of chloroform R and continue the titration with
vigorous shaking. Carry out a blank titration.

CeHs O 94.1
1 ml of 0.0167 M bromide-bromate is equivalent to 1.569 mg of C¢HsO
s Ol 8 3 gall Agiiaall ) gall
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Ledic ) 3l ae Joli dalall oda LSV dala ol i) dgalall Jal so ol il s ol b AS5a aal
8 5 paiall pe Alad) L) pall agll e LKW IS ae dSlad) # gidall JSEN e sl e Jelily As gt 5SS
%05 (sle aalaiall Culuidl (s sine (po Aol Aadll 55 VT g Jelis

: lon pair titrations 53! 530 <l lae
Sisl cilatla i daulie b jliiely <l jghaall 5 Aliandll il pmatiall i) 8 il plaadl (e gl 138 axdiy
Ol Sllac 35a g aaad Apilall (30 Hhall sale Leldat (S Y Al sl

£ 2518 o935 oS 3l 8 ulaa Jla
Jlipophilic cation a~&ll cise oS & Al 5 Apalytedldall Sle Jslae ) o sl ll a0 g (e 83l ) calicad
gome sk padAiaVL J) s ) 5 sl Osl 5 OIS Cn aa3l i sl g IS
3l 2S5 im0l ol 3 gy S sal) il 5 IS5yl ey menl AL sl A 20l 525 e
Allaall s IC] slae Y 2 5IS0 a3 pilae Jeliy 2 517 ) pa gl

KIO3 + 2Kl + 6HCl ——  3KCI + 3ICI + 3H20
5l Al g Lo 1CT 1) 2530 5 30353l S i (5l sl i 25 Tl gl 55 5190 ) e

ASSAY:

Dissolve 2.00 g in water R and dilute to 100.0 ml with the same solvent. Transfer 25.0 ml of the
solution to a separating funnel, add 25 ml of chloroform R, 10 ml of 0.1M sodium hydroxide and
10.0 ml of a freshly prepared 50 g/l solution of potassiumiodide R. Shake well, allow to separate
and discard the chloroform layer. Shake the aqueous layer with three quantities, each of 10 mi,
of chloroform R and discard the chloroform layers. To the aqueous layer add 40 ml of
hydrochloric acid R, allow to cool and titrate with 0.05M potassium iodate until the deep-brown
colour is almost discharged. Add 2 ml of chloroform R and continue the titration, shaking
vigorously, until the chloroform layer no longer changes colour. Carry out a blank titration on a
mixture of 10.0 ml of the freshly prepared 50 g/I solution of potassium iodide R, 20 ml of water
R and 40 ml of hydrochloric acid R.
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1 ml of 0.05M potassium iodate is equivalent to 35.4 mg of C,,H40CIN

Diazotisation titrations 3kl < laa
Sl g 3 51aY) mea (e AL draia sall <ol il 5 Chlasals gdluadl 5 jlaal aading
235 e QB il (NAN O ansall 53 gaall oy 55 pladialy o g s ks le () Y1 (5 bl (el s clal
(Ll Aadla) s 3 s () sl S 5 il Gmea 33 ) (e Bkl J gl 8 Jelil) elgil die 53 plaall e )
s 4malipudile

o O

o]
N\
SN
e
Na
HoN
ASSAY

Dissolve 0.500 g in a mixture of 50 ml of water R and 20 ml of dilute hydrochloric acid R. Cool
the solution in iced water and carry out the determination of primary aromatic amino-nitrogen
(2.5.8), determining the end-point electrometrically.

1 ml of 0.1 M sodium nitrite is equivalent to 23.62 mg of CgHgN,NaO3S.

d S A8y phay plall 3 plaa
Karl Fisher titrations
. 10Ug i daad elall (e B oS cpant (S -
Jasall -
I2+S02 +2H20 ——m 2HI + H2S04

MeOH solvent -
Al elail Jelall jual (55 Lae Jeldll e Aaalill Sl g3 55l Jadis Pyridine ) as -

I, +#SO, +H,0 + 3CsHsN + CH30H — » 2CsHsNHI + CsHsNH.SO4CH3
toh WS i S Jglas Janal aasiui 4 o 4y jlms 33l ; Tartarat disodium2H20 -
a8 U Jslae (e Ja 5 Llee llging 1 5 oLl (e @la 15,66 Gtas Jabad 4 50 4y jlnd) 3l (00 3le 100 -

3132 & id JIS Jglaa s 8 0 (gl Balall (e 3,132 g b J S Jglaa e dal g Ja o) (S 128
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dpilpasst) ¢yl Al
Chemical Values

Lsn Opnd 8 Loal 22205 5 AdataV) 5 Apes el ans) Lals 5 Y ol sall (mmy 83 sn LS LIDA (e o o 8
ble JST A je o e A guanall (318N ) 5 clgaliny Aald 4 ) iy A8y Hla Al A5 B IS Leinlia g ) gall 03a
Ao slhall 53 sall yulaal LeiiUag (e 2SH Cangy cll

:Acid Value (1) ol 43y @ 1

S n 1 525 sl 5 el e a5 KOH il 35S 538 i 330
rpand) Ay B 4ani

e

Nalda it oa Jas o salll g davall o sall 5555 @
el 5 ad ) pall e ) g LAY Gald JSE 22305 e

Boal (a santl Tibana 2 sl M) 3 93 9 Bl g 01 ) 5 s Agalall sl (e (o (S Cun

Aanall 3l gall (arad (amesll ) 8 L Lasd

0.5 gl Jsdll 1 Ol iU
24-17 oY) Jaill aad 2 & s Al )

:lodine Value (1) 25 44 8 .2

A gLyl aae da yo poadl Bale aadiud g Balall (e pl e 100 ae Jelds o ofa S gl Glalje e e et dad
Axndiall pe Jadl g5l dae ) ) LalS Leiasd ol 3

Mﬁ\@&d\ﬁﬁﬂ\u@\gwwwem
p3al) Ay B Aan] #

Lega o uatg el Bl ulide @
s el 8 Al i Lsal) (g el sl e IS el (s simdd Jlea) (oS o

el 3 gl mad el 1 L Lah

40-35 SISl 3y 90-82 g )

:Hydroxyl Value (o) JsSssugd 4ud 3
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) e G iy andll e ol e ] ALY andied) Glinll Gaea Jpaedl AW KOH il jale sae 2
Bl a5 Hed)

Jsiall e Alla oS JLAIS pasioy Ll (S (i A s el il sl il el 038 Jos

CHaz

HO
HzC CHs

(oS pand L gl il g 3 ga 5 ey 1368 k) Las (e 8T Lgiad cuilS )

1) sall (amd JanS 5 paedl (5l 8 L La

238218 il S [ 165-145 [ £ 5,a) ENp
z el

:Peroxide Value (I,) weS gl 4 6 4
Bl e al e 1000 Leasay A Jladl) GaaaS Y (e il il sae o
gt A8y #

=S5 g IS JAN) ey paene o s b a0 sall 3auSl a5 55 )2l 5 a5l oL e alal) sl aaiey
e Laal) Al Jﬁﬁeﬁdﬁ\ﬁﬁuﬁﬁgﬁ@éﬂ\jﬁdﬁéj.J..g.lj;d\:ﬂ};..n

R;-0-0-R, 421+ 2H" = R;-OH + R,-OH + I,
R-O-O-H + 21" + 2H" > R-OH + H,0 + I,

(B JA pmen 13 a8 )68 12 A g e e 0sSe Jslae (10 Je 30 (Bl (el 2 5 i dun e
sle Je 30 Chnais & pai g pliall o glisll a5y (00 e 0.5 ana @
x5 leally ety ol Aada Ja 5 Capiai @i jaa¥) opll) clEA) s asnsall cliligs M 0.01 = ies e
G0V ol s
Sl Ay BAE e
__ (n1-n2)x10
m

Iy
(32 0.1 oo 3 Vi ag) alall dllgiud) o gy pual) Clilu g aaa n2 ius
Asall Gllgiaall 303 guall il 5 aaa 111
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Aloadbdasdl 055 m
s g pal) A5y B pan]

Aali anall o 1ok sausl @lleld (e sale il gyl a8 ) (pme aned (F50) S s2e e 588 axi @
Alle 20y o a4l ol Yl aualld rmaa e Lt 330 ) ALy gl syl 45 jal)

0585 A 451 e LI LS e S Lae Cilapa gyl JSE5 AV asall JISEY) L danall Cile) sl &5 5 Cansy @
30 5l Jal gall Ala

(A) LS 300 52l LS pall (any (& a5 e

3 gall and) 330 5l 55 s Lo

Llel 22820 Cagall aaii [ el 2ag5 gooAl Cu)

:Saponification Value (Is) osaill &4 8 5

A4 el eda Jadit Cus Balall e alje 1 (A ) il 3 all dia gaal) il 4a U KOH @lal je e 22e o8
g gall SR el Saag (g ol xa cpdoll ied b jiugall 93 jall asall
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210-200 ¢ w05 (C:16) clialldl (mea e ) (5 5m Laic
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O
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255-230 O somd) analy (85 95-78 (i Al a8 Guall A3y 8 - ) 50
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Scheme 4.2 Hydro|ysis of the ester group of procaine.
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Scheme 4.3 Hydrolysis of the amide linkage of cinchocaine.
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Initiation: X*+RH— R+ XH

Propagation: R* + O, — ROO’
ROO" + RH — ROOH + R*

Termination: ROO" + ROO" — stable product
ROO" + R* — stable product
R* + R* — siable product

Scheme 4.4 Simplified oxidation scheme involving a chain
process.
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Scheme 4.5 Oxidation of phenothiazines.
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Scheme 4.6 Structures of some common antioxidants.
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Scheme 4.9 Isomerisation of vitamin A.
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Scheme 4.10 The effect of uliraviolet light on chlorpromazine (CLP).

The first step of the photodegradation is the loss of an electron to yield the semiquinone free radical R. Further stages in
the degradation yield the phenazathonium ion P, which is thought to react with water to yield chlorpromazine sulfoxide
(CPO). The chlorpromazine sulfoxide is itself photolabile and further decomposition occurs. Other products of the
photooxidation include chlorpromazine N-oxide and hydroxychlorpromazine.

Reproduced from F. H. Merkle and C. A. Discher, J. Pharm. 5ci., 53, 620 (1964).
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Scheme 4.12 Dimerisation and hydrolysis of ampicillin.
Reproduced from H. Bundgaard, Acta Pharm. Suec., 13, 9 (1976).
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Figure 3.1 Plot

of the amount

decomposed against

N time for a zero-order
ko reaction.

00,8 5 kg 8aal 5 0585 Cu
:JGa
Balall (e J5e 0.1 oAt el [0 20 4l Aelull/d 50 0.01 &5 s da )all e Jeléll kg de juall 4506 S 1)
e ) el ) bl 5 beall ) shall aca Al el (o ISI) aundl
I 5 ¢ Sl dslaa & chlorpromazing e smsiS S jal Al 6 8l Al 3 jhea da jall leds 2alis
Gt e Adgaall Gl 31 culd Ay oS0 Al Culilaiunall (mmy 8 s ol 311 A jaal) Ly pal e Ll any A
Alee axig  J¥) An ol e el dgalall (e (35 caniia S5 Jolaall (8 430 6 n 2350 Cus Aspirin
Ay Tl Jslaall G (R o sall 358 o) s laadie Jslaall i Gy Glia (K0 83 53 sl iy ol im0 535 Agalal
Claleiisall a2 Jie dgala 8 ML 5 col all 58 5 o adiai ¥ Al de s (8 40 sall salall (5 8 (lisd Gamg (s
(s Al (g Ada Al i Laie 5 Jslasll (e 4aSl) JalS Gl sd s i dapall A8 s o
B
Aol 8 Cpoue¥ Alsd 0585 Ja 5/ ide 325 0S5 Ja 100 /86.5 olaie Le e Bl e juantions (5 9
A0 dang Lee oA Gl S pumainad) (g gag Blatiune (g sSpm (edl) sl o Jixy 1385 Je 100 /2 0.33 25
Al de o Culinal) 1T AET10 X4.5 A5V Anoal e Gamel) GRS R e Gl (5K 6 naativall A gea
e % 90 Y o= Gumed) S5 o Ll Jlad sl o) Tsinatgy <l o o jae 33y e Aa sl e
A5 258 ) pallda o A elldy Sl 58 )
il sl
KO = (As¥ da all pete pud) il X slaall Gana cman) 38 i
KO=4.5 x*10 x J» 100 /¢ 0.33
KO= 1.5 x10"° g/100 ml sec *
too~ 0.1 X(ixal) S 511)/ KO
too~ 0.1 (6.5 g/100 ml)/ 1.5 x10° g/100 ml sec *=4.3 x 10° sec = 5 day

90



< T iy o IS Al 33l g (585 ) Gl 31 3 el @il m (e 3 sadl 138 Jie aaLis LS
Lelslaa A alall o3a A% Jame Jiley S8 3 93 sall elall ST i Ay sha I o s ol o s

100 —
O OH
o™ O CH
.E \"/ =
=
g 5/ i
=
S =0
% L _J
o
8’) L]
=
o
&
&0 —
| | 1
20 40 50
Time (days)

Figure 4.1 Hydrolysis of a suspension of acetylsalicylic
acid at 34°C.

Reproduced from K. C. James, J. Pharm. Pharmacol., 10, 363 (1958) with
permission.
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Figure 3.2 Plot of log amount of reactant
remaining against time for a first-order reaction
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Figure 4.2 Firstorder plot for hydrolysis of homatropine in hydrochloric acid (0.226 mol dm—3) at 90°C.
Data from M. H. Krasowska, S. Schytt Larsen and K. Iiver, Dansk. Tidsskr. Farm., 42, 170 (1968) with permission.
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If there are two reactants and one is in large excess, thereaction may still follow first-order kinetics

because the change in concentration of the excess reactant is negligible. This typeof reaction is a
pseudo first-order reaction.
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Figure 3.3 Plot of log (amount of
reactant A remaining/amount of reactant B
remaining) against time for a second-order
reaction.
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Figure 4.2 Example 4.2: plot of log of halflife (t; 5) against log of initial drug concentration (Cg).
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Figure 4.11 The effect of pH on the photodegradation of
ciprofloxacin. Radiation source: mercury lamp at wave-
. ' length of 313 nm.
Sh‘ucmre XN Clproﬂoxqcm Reproduced from K. Torniainen, S. Tammilehto and V. Ulvi, Int. J. Pharm., 132,
53 (1996).
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Figure 3.5 A typical Arrhenius plot

showing the determination of a -2
rate constant at room temperature
by extrapolation of data at high -E/2.303R
temperatures. ~ =3
£
2
3 -4 — ~ \\\l
""""""""""""""""""""" 1\\
:
51 i
i

I I
2.9 3.0 3.1 3.2 3.3 3.4
10%/T (K)

el A (e it Jaiiwl) 38U W
:Jlia

s DU sl ¢ salacid-catalytic constants Ky Ascaes ddabu g <l 53 4G assl) apaa o

Temp [°C) 95 90 85 75 65
10°kye (mol dm=™' s71)8.15 4.85 276 1.02 0.29

Al Al 25 da ol (8 de jull S Clua o slladll

K10.003356 4 4 sbse 1T JUb 5 K 298 T dasi (585 25 Gl e
K=1.41*10"M™*S? i 41 -5.85 & s logk 0lé Al

.Ea= 113Kjoul/mol Julb 5-5944 (s s Jaall

e\:&:\u\);}Caj\3(0:\;}‘)1'\3\Jﬁﬁlﬁ;}\)w;ﬂ\};.\..33.@]\ﬁﬁde@JJLﬂ\Bjﬁ\wd&@@\jiﬂjw
(3l a3

:e Ul A8 a cilira (e il o panlly i)
a3l da o (Kp) delédll de o 435 b je o Lad o) e la el ga jee g 55810 Arrhenius 483ke zeas
( Ea) Lkl 48 44 jea (Sl
A ) gl (355l pall A ) @y oAl @ e e anall ading
e (e 3L oAl day 5 Al Y aleal) s 50 s a3 ae aie AL Cildars oy Jeléll da py past - ]
Ald e e Jpeanl) ia delida s S

99



Gslie Jilae K able ol o) oy o e g Jaall A& (e 351 g da )3 IS wie K deléill de o b Clua oy - 2
sl Ale a3 ) sl
log k = log A — Ea/2.303RT
) anll (e A sllaall 3 ) jaldl da 3 die K e Glua oy - 3
T2 el da 2 die bl e il (Sar Ugd T1 80 all da 2 die K Aal 5 as Cgllaall (IS 13 - 4

ky|_ E.(T>—T)
ki 2.303RT,T,

O kel (Salia 5 Ty 5 Ty soloall 40 die depull i W Ky 5 Ky Cus
.Ea=75kJmol™
A e A gl A 5o e dlaie VU K def 4 jae 2 Call e jeall Gl oY1 80y - 5
Ladll e %610 A3 3O gl oV Aa (e A8 el iy (53 oA Jal e JUA) s Jlad
oo = 0.105/k; A8Mally oy

0g

b
Of caale 138k ] mol™ 94 Janill A8 315 59 x 10 571 58 120 Aol 8 aselipudilidl dgala Ao s i )
25 da_all dde jull il Cuals W) da 3l (e Je il

:Jall
- sl ke
log ka|_ E.(T—TY)
ki 2.303RT-T,
RE

~ 2.303x8.314 x (393 x 298)
=3.98

logl 122 94 x 10° x (393 — 298)
kZS

i s le Sl A L
k120/k25 = 9.55 x 10°
A Ll E

100



k25 =9 x 10°%/9.55 x 10° = 9.4 x10% s,

Aallaall 5 5) sl da 3 Csliad U Caaill jae il o) )y o aaiad (5 Al 48 5L Gl
Al e
tos5= 0.693/k.
P 1
logk=10g0.693 — log to 5
ioe sl ABle Gana JlaguVls
logk =log A — Ea/2.303RT

.o

e
log tos=10g0.693 — logA + (E4/2.303RT)
sl La 3y Ao A al cpe QAT (S (e % 90 #W& 6l ) Alladl) (e 0% 10 (488 o Jai A Aslaal) ot
x=0.1a
K1=(2.303/1) log (a/a-x)

0.10S5
t0.9 = k—
1

Aoils <l B0 [ 5gdh ) ol (B uat) AB8) ga AT (e 5 A e 23 gy AT Y ale JS8y Ui e (B tpg S
il e el il s Jlia
4.2 X 15520 2 5850 mual 88 5 50 10° gem™®. b s ded ile Jslae Gana Allad saled o) 58 5l 4l
Jel aty A of cadle 138 LY o 38 5 e % 70 S 3 Jos 0 e 4llad 28y 3l e 50 of L 1073 g om™,
Amdlal) elel o i canals 1Y) Aa 5l e
1l sl

Substituting into the first-order equation:

2.303 a
= log

k
: t a—x

k = (2.303/20)1og[(5 x 10-3)/(4.2 x 1073)]
k =8.719 x 10~3 month™!

101



70% of the initial concentration = 3.5 x 10 g cm
t = (2.303/8.719 x 1073)
x log[(5 x 107%)/(3.5 x 1073)]
t = 40.9 months
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500~ Aa ) Led saially Store Under Normal Storage Conditions  duale duiy3as dag pia o3 -
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( Between 2 and 8C Refrigeration , no Freezing Store )

( Store Below 8 C, Refrigeration ) (2l é¢a8)
. ( Store Below -5 and -20 C , in Freezing ) (434l ¢ 2-20 5-5) 3, Sa 0 om o)™ -

. ( Store Below -18 C, in Deep Freezer) ( (e asai¢ o =18 ) (e Jil ) pm da pa o33 -
C AT e sina 8 Rl s A @ lall e YL 325 LS
( Storage in Dry , well Ventilated Premises ) us 8l see ¢ dila oSUJ & cpiaill -
LA (20515 ) omBlladan e
CAseda (30 DTy e
. Protect from light ss<all e asl e

.(Store in Dry place ) @ (S S5 @
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.(ul5- @aitin a deep-freeze saesall
.0 8 &l (2 o= cinarefrigerator 2 dl A
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.25 Al (s 15 ¢ :room temperature &8 all 3 ) s Ax )
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Encyclopedia of Pharmaceutical technology
Ansel's.Pharmaceutical.Dosage.Forms.and.Drug.Delivery.Systems.9th.Ed

Physicochemical Principles of Pharmacy, 4th Edition
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