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Abstract

Forced degradation also known as “stress testing” is the process in which drug is degraded
forcefully by imposing stress-inducing methods. It is a useful tool to predict stability of any
Active Pharmaceutical Ingredient (API1) or formulation product. These studies are performed
to develop and validate stability-indicating methods as per ICH guidelines. The forced
degradation studies undergo acid and base hydrolysis, photolysis, thermal and oxidative
degradation. It provides a data to support identification of possible degradants; degradation
pathways, intrinsic stability of the drug molecule and validation of stability indicating
analytical procedure. The FDA and International Conference on Harmonization guidelines
state that stress testing deliberately identifies the likely degradation products which helps in
determining the inherent stability of the molecule and establishing degradation pathways, and
to validate the stability indicating procedure. Force degradation studies are regulatory
requirement and scientific necessity during drug development. It has become mandatory to
perform stability studies of new drug moiety before filing in registration. The FDA and ICH
guidelines state the requirement of stability testing data to understand how the quality of a
drug substance and drug product changes with time under the influence of various
environmental factors in several conditions. Knowledge of stability of the molecule helps in
selecting proper formulation and package and providing proper storage condition and shelf
life, which is essential for regulatory documentation. Thus, this research helps to find the
stability of diclofenac sodium and lbuprofen drugs under stress conditions by comparing
absorbance values through UV spectroscopy. The outcome of the studies showed that with
elapsed time period degradation increases or in other words the stability decreases.
Keywords: Stability indicating method, Stress testing, UV spectroscopy, Diclofenac Sodium,
Ibuprofen.
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Introduction

Non-steroidal anti-inflammatory (NSAIDS) are medicines that are widely used to relieve pain
and reduce inflammation. NSAIDs are typically divided into groups based on their chemical
structure and selectivity: acetylated salicylates (aspirin), non-acetylated salicylates (diflunisal,
salsalate), propionic acids (naproxen, lbuprofen), acetic acids (diclofenac, indomethacin),
enolic acids (meloxicam, piroxicam), anthranilic acids (meclofenamate, mefenamic acid),
naphthyl alanine (nabumetone), and selective COX-2 inhibitors (celecoxib, etoricoxib). The
main mechanism of action of NSAIDs is the inhibition of the enzyme cyclooxygenase (COX).
Cyclooxygenase is required to convert arachidonic acid into thromboxanes, prostaglandins, and
prostacyclins. The therapeutic effects of NSAIDs are attributed to the lack of these eicosanoids.
Specifically, thromboxanes play a role in platelet adhesion, prostaglandins cause vasodilation,
increase the temperature set-point in the hypothalamus, and play a role in
antinociception. There are two cyclooxygenase isoenzymes, COX-1 and COX-2. COX-1 gets
constitutively expressed in the body, and it plays a role in maintaining gastrointestinal mucosa
lining, kidney function, and platelet aggregation. Most of the NSAIDs are nonselective and
inhibit both COX-1 and COX-2 receptors. COX-1 is the prime mediator for ensuring gastric
mucosal integrity and COX-2 is mainly involved in inflammation, COX-2 selective NSAIDs
should provide anti-inflammatory relief without compromising the gastric mucosa.*™
NSAIDs have well-known adverse effects affecting the gastric mucosa, renal system,
cardiovascular system, hepatic system, and hematologic system. Gastric adverse effects are
likely due to the inhibition of COX-1, preventing the creation of prostaglandins that protect the
gastric mucosa. The damage is more likely in a patient that has a prior history of peptic ulcers.
Since it is COX-1 specific, the use of COX-2 selective NSAIDs is a lower-risk alternative.
Renal adverse effects are caused due to COX-1 and COX-2 NSAIDS facilitating the production
of prostaglandins that play a role in renal hemodynamics®. In a patient with normal renal
function, inhibition of prostaglandin synthesis does not pose a large problem; however, in a
patient with renal dysfunction, these prostaglandins play a greater role and can be the source
of problems when reduced via NSAIDs. Complications that can occur include acute renal
dysfunction, fluid and electrolyte disorders, renal papillary necrosis, and nephrotic syndrome/
interstitial nephritis’. Cardiovascular adverse effects can also be increased with NSAIDS uses;
these include myocardial infarction, thromboembolic events, and atrial fibrillation. Diclofenac
seems to be the NSAID with the highest reported increase in adverse cardiovascular events.
Hepatic adverse effects are less common; NSAID-associated risk of hepatotoxicity (raised
aminotransferase levels) is not very common, and liver-related hospitalization is very rare.
Among the various NSAIDs, diclofenac has a higher rate of hepatotoxic effects. Hematologic
adverse effects are possible, particularly with nonselective NSAIDs due to their anti-platelet
activity®. This anti-platelet effect typically only possesses a problem if the patient has a history
of GI ulcers, diseases that impair platelet activity (hemophilia, thrombocytopenia, von
Willebrand, etc.), and in some perioperative cases. Other minor adverse effects include
anaphylactic reactions that involve the skin and pulmonary systems, like urticaria and aspirin-
exacerbated respiratory disease.*°
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Aims and Objectives:

The present study was aimed to develop an assessment stability profile of two NSAIDs
Diclofenac Sodium and Ibuprofen based on the forced degradation studies using UV
Spectrophotometer. These two NSAIDs having the same solubility profile, mode of action,
indications and are frequently used medicines to treat osteoarthritis and rheumatoid arthritis.
The main purpose of forced degradation testing studies is to investigate stability-related
properties of an API and to develop an understanding of the degradation products and pathways.
Knowledge of the stability of molecule helps in selecting proper formulation and package as
well as providing proper storage conditions and shelf life, which is essential for regulatory
documentation. This testing may involve the drug substance alone and in simple
solutions/suspensions to validate the analytical procedures. For development and validation
purposes, it is appropriate to limit exposure and end the studies if extensive decomposition
occurs. These studies should also be used to evaluate the susceptibility of the drug substance
to hydrolyze across a wide range of pH values. Based on research, we found there is no
literature on comparative degradation studies of both these drugs so it could help in detailed
study of degradation and stability pattern of NSAIDs using UV- Spectroscopy.

Diclofenac Sodium

Diclofenac is a medicine that reduces swelling (inflammation) and pain. The chemical name of
Diclofenac Sodium is 2-[(2,6-Dichlorophenyl) amino] benzene acetic acid sodium salt. This
drug is soluble in water, phosphate-buffered saline, ethanol, dimethyl formamide, dimethyl
sulfoxide, methanol and acetone. Diclofenac inhibits cyclooxygenase-1 and cyclooxygenase-
2, the enzymes responsible for the production of prostaglandin (PG2) which is the precursor to
other PGs. The molecules have broad activity in pain & inflammation and the inhibition of
their production is the common mechanism linking each effect of diclofenac!. It is completely
absorbed from GI tract but likely undergoes significant first pass metabolism with only 60%
of the drug reaching systemic circulation unchanged. Many topical formulations are absorbed
percutaneously and produce clinically significant plasma concentrations. Absorption is dose
proportional over the range of 25-150 mg. Diclofenac distributes to the synovial fluid reaching
peak concentration 2-4 hour after administration. Diclofenac is over 99.7% bound to serum
proteins, primarily albumin?2. It undergoes limited binding to lipoproteins as well as with 1.1%
bound to HDL, 0.3% to LDL, and 0.15% to VLDL. Diclofenac undergoes oxidative
metabolism to hydroxy metabolites as well as conjugation to glucuronic acid, sulfate, and
taurine. Diclofenac is used to treat mild to moderate postoperative or post-traumatic pain, in
particular when inflammation is present, and is effective against menstrual pain and
endometriosis®. It is often used to treat chronic pain associated with cancer. Some common
adverse effects of Diclofenac sodium are indigestion, gas nausea, vomiting, stomach pain,
diarrhea, headache, drowsiness, itching, stuffy nose, increased blood pressure, swelling or pain
in arms or legs®.
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Structure of Diclofenac Sodium

o]
/Y\ :NH
Cl OH
o)
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Ibuprofen is a nonsteroidal anti-inflammatory drug (NSAID). It works by reducing hormones
that cause inflammation and pain in the body. The chemical name of Ibuprofen is (RS)-2-(4-
(2-methyl propyl) phenyl) propanoic acid®®. This drug is practically insoluble in water and
soluble in most organic solvents like ethanol (66.18 g/100 mL at 40° C for 90% EtOH),
methanol, acetone and dichloromethane. Ibuprofen is a non-selective COX inhibitor and hence,
it inhibits the activity of both COX-1 and COX-28. The inhibition of COX-2 activity decreases
the synthesis of prostaglandins involved in mediating inflammation, pain, fever, and swelling
while the inhibition of COX-1 is thought to cause some of the side effects including GI
ulceration!’. When lbuprofen is administered immediately after a meal, there is a slight
reduction in the absorption rate but there is no change in the extent of the absorption. The
apparent volume of distribution of ibuprofen is of 0.1 L/kg. Ibuprofen dosage is more than 99%
bound to plasma proteins and purified albumin, binding appears to be saturable and becomes
non-linear at concentrations exceeding 20 mcg/ml*8. lbuprofen is rapidly metabolized and bio
transformed in the liver to the formation of major metabolites which are the hydroxylated and
carboxylated derivatives. The daily limit for ibuprofen is 1200mg*°. It is used to reduce fever
and treat pain or inflammation caused by many conditions such as headache, toothache, back
pain, arthritis, menstrual cramps, or minor injury. Some of adverse effects of ibuprofen are
nausea or vomiting, constipation or diarrhea, indigestion (dyspepsia) or abdominal pain?®2L,
Structure of Ibuprofen:
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Materials and Methods:

Instrumentation: UV Spectrophotometer (Shimadzu UV-1601), Quartz Cuvettes, Arklite
Ultraviolet lamp (Genuine Electricals), Weighing Balance: Pioneer OHAIUS (ltem PA214C)

Materials: Diclofenac Sodium, Ibuprofen, ethanol, 0.1 N Hydrochloric acid, 0.1 N Sodium
Hydroxide, 0.3% Hydrogen Peroxide and distilled water.

Preparation of standard solutions of concentration 10pg/mi:

Weighed accurately 100 mg of drug samples of both Diclofenac sodium and Ibuprofen in 100
ml volumetric flasks respectively. Then both the samples were diluted with ethanol until it
forms clear solution and then made upto 100 ml with distilled water. A solution of 10 ml from
each sample solutions were pipetted in separate 100 ml volumetric flasks and making up the
volume to 100ml with distilled water. Further a solution of 10 ml of Stock-1 solutions were
diluted t0100 ml of distilled water to prepare Stock-2.

Wavelength Selection: The wavelength maxima (Amax) Of Diclofenac Sodium was obtained at
275 nm and the wavelength maxima (Amax) of Ibuprofen was obtained at 225 nm.

Forced degradation studies: Both the drug sample solutions were analyzed for a period of 5
hours to find out the stability of both the solutions during analysis. The results demonstrated
that Ibuprofen and Diclofenac sodium both exhibit changes in absorbance values in different
time intervals indicating the degradation of the drugs as inevitable in the forced degradation
studies continued for 5 hours. The results of forced degradation studies for both the drugs were
shown in Table 2 and 3.

Acid degradation: In this test, an amount of 2ml of prepared 0.1N Hydrochloric acid solution
was added to 10 ml of both stock-2 drug solutions. The absorbance readings were recorded in
every one hour up to 5 hrs.

Alkaline degradation: Here 10 ml of both stock-2 drug solutions were taken and to each of
the solutions 2ml of the prepared 0.1N Sodium Hydroxide solution was added. The absorbance
readings were recorded in every one hour up to 5 hrs.

Oxidative degradation: In this study, a volume of 10 ml of both stock-2 sample solutions
were taken and then 2ml of prepared 0.3% Hydrogen Peroxide was added to both the solutions.
The absorbance readings were recorded in every one hour up to 5 hrs.

Photolytic degradation: A measured volume of 10 ml of both stock-2 sample solutions were
taken in a beaker and kept under UV light for 5 hrs and observed the absorbance in every hour
for 5 hours at a stretch.

Thermal degradation: A measured volume of 10 ml of both stock-2 sample solutions were
taken in a beaker and both the solutions were heated in water bath at 40-60°C for 5 hrs and
observed the absorbance readings for every one hour.

RESULTS AND DISCUSSION

Table 1: Absorbance readings prior to Forced Degradation Studies

S No. Drugs Absorbance Readings
1. Diclofenac Sodium 0.331
2. Ibuprofen 0.279
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Table 2: Forced Degradation Studies of Diclofenac Sodium
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20
10
0

Duration % Acid | %  Alkaline | % Oxidative | %  Photolytic | %Thermal
Degradation Degradation Degradation Degradation Degradation
5 Hour 64.1 87.61 47.7 24.77 9.36
4 Hour 56.9 55.3 44.0 27.0 5.1
3 Hour 49.2 52.3 40.2 34.0 2.5
2 Hour 48.1 49.4 35.1 33.7 2.1
1 Hour 33.0 46.5 315 22.5 0.5
0 Hour 22.2 43.5 21.8 17.5 1.32
Table 3: Forced Degradation Studies of Ibuprofen
Duration % Acid | %  Alkaline | % Oxidative | %  Photolytic | %Thermal
Degradation Degradation Degradation Degradation Degradation
5 Hour 85.6 78.2 67.7 55.4 354
4 Hour 814 72.2 63.4 52.9 33.2
3 Hour 79.5 717 58.6 47.7 28.5
2 Hour 77.0 69.8 52.7 39.6 21.0
1 Hour 72.8 57.2 36.6 35.6 17.3
0 Hour 48.9 50.7 28.1 14.3 11.4
Forced Degradation Studies of Diclofenac
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Fig 1: Bar diagram showing % Degradation of Diclofenac Sodium
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Forced Degradation Studies of Ibuprofen
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Fig 2: Bar diagram showing % Degradation of Ibuprofen

TABLE 4: % Drug degradation of Diclofenac Sodium after the 51" hour of the study

S No. Stress Absorbance % Drug %Drug
Condition Degradation Remaining
1. Acidic 0.212 64.1% 35.9%
2. Alkaline 0.290 87.61% 12.39%
3. Oxidative 0.157 47.7% 52.3%
4. Thermal 0.082 24.77% 75.23%
5. Photolytic 0.031 9.36% 90.64%

TABLE 5: %Drug degradation of Ibuprofen after the 5" hour of the study

S No. Stress Absorbance % Drug %Drug
Condition Degradation Remaining
1. Acidic 0.238 85.63% 14.37%
2. Alkaline 0.218 78.27% 21.73%
3. Oxidative 0.189 67.75% 32.25%
4, Thermal 0.154 55.44% 44.56%
5. Photolytic 0.098 35.43% 64.57%
CONCLUSION

The forced degradation study clearly explained about the degradation pattern of the two
NSAIDS under the different stress conditions. We can conclude from Table 4 that the
degradation of diclofenac sodium is more than 87% in alkaline condition, followed by extent
of degradation in acidic and oxidative condition with the values of 64.1% and 47.7%
respectively. Whereas in case of Ibuprofen, highest degradation rate of 85.63% was observed
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in acidic stress condition, 78.27% in alkaline followed by 67.75% in oxidative state as shown
in Table 5. The amount of degradation is least in photolytic stress condition for both the drugs.
This study throws the light on the stability profile of the two most commonly used NSAIDS,
diclofenac sodium and ibuprofen under the similar set of stress conditions. And the readings of
this stability study would be of help to a scientist in designing any formulations concerning
these widely used NSAIDS.
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