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ABSTRACT

Diazepam injection was subjected to different stress conditions, as prescribed in ICH guidelines with an emphasis
to both pristine drug as well as final formulation. The degradation of diazepam was found to occur mainly in
hydrolytic and to some extent in photolytic conditions, while the drug was stable to oxidative and thermal stress. The
drug was particularly labile under neutral and alkaline hydrolytic conditions. Diazepam sample was exposed to
accelerated, thermal and photodegradation conditions as observed during hot and humid summer conditions in
Indian subcontinent as per ICH guidelines. The samples were analyzed by a validated high performance liquid
chromatographic method. Results obtained confirmed the photo and hydrolytic labile nature of diazepam. Thus, an
appropriate protection is recommended during storage and handling of this tranquilizer such that the assay, purity
and potency of the drug is maintained.
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INTRODUCTION

Chemical stability of pharmaceutical molecules is\@ter of great concern as it affects the safaty efficacy of
drug product. The FDA and ICH guidances state tifiate is a requirement of stability testing dataimolerstand
how the quality of a drug substance and drug prodinanges with time under the influence of various
environmental factors [1-4]. Knowledge of the slipiof molecule helps in selecting proper formidat and
package as well as providing proper storage camtitito achieve the desired shelf life, which iseatial for
regulatory documentation. It also ensures presdriiandards of physical, chemical, therapeutic tartological
specifications to ensure the identity, strengthalitysand purity of a formulation. However, theaidjty of a drug
substance or drug product varies with time under itifluence of a variety of environmental factorgls as
temperature, humidity and light as well as on gheduct related factors e.g chemical and physicapgrties of
active substance and of pharmaceutical excipiptdbsage form and its composition, the manufauprocess,
the nature of the container closure system andepties of packaging material [5-6]. Thus, the digbstudy is
essential not only for regulatory approval but assures safety of the patient.

Diazepam is a benzodiazepine derivative chemicibsignated as 7-chloro-1,3-dihydro-1-methyl-5-pth&y-1,4-
benzodiazepin-2-one (Figure 1).
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Figure 1: Chemical structure of dizepam (7-chloro-13-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-dne)

It is the most frequently prescribed benzodiazepised in the treatment of anxiety, insomnia, seigand alcohol
withdrawal. It binds to a specific subunit on th&EBA receptor at a site that is distinct from thading site of the
endogenous GABA molecule. Diazepam appears toraereas of the limbic system, thalamus and hypathas,
inducing anxiolytic effects. Its actions are dugtte enhancement of GABA activity [7-8]. Diazepanvery slightly
soluble in water, soluble in alcohol, and freelyubte in chloroform. In aqueous solution, diazepiannelatively
stable at pH 4 - 8 with maximum stability at ab@it 5. Stability and solubility is increased in mixsolvent
systems of water, ethanol and propylene glycol T9le solution for parenteral injection should betected from
light and freezing. Diazepam can absorb into ptasto liquid preparations should not be kept asfit bottles or
syringes, etc. [10]. As such, it can leach into plestic bags and tubing used for intravenous ioass Absorption
appears to depend on several factors, such as tetupe concentration, flow rates, and tube len§tlazepam
should not be administered if a precipitate haséat and does not dissolve.

The stability of diazepam parenteral formulatiordemnvarious stress conditions were reported elseavimethe

literature. The stability of diazepam (5 mg/mL)dcfable as a function of storage temperature walsiaed at three
storage conditions: 4°C to 10°C (refrigerated); @38 30°C and 37°C (oven-heated) and these injestigere

stored for 210 days in clear glass syringes. HPh@lyses of syringe contents were performed at 30nutarvals.

After 210 days, the reduction in diazepam concé¢inttavas 7% refrigerated, 15% at ambient tempeeatamd 25%
at 37°C. These results suggested that diazeparhecatored at room temperature. When drug storagpdeatures
exceed 30°C, more frequent stocking or refrigeraigsorequired [11].

In another study, stability of diazepam injecti@packaged in disposable glass syringes and stéreabian and
refrigerator temperatures was studied. The syringexe stored in light-resistant bags on their sisieshat the
solution was in contact with the rubber stoppersboth ends. Samples were assayed with a stahilitigating
HPLC method for diazepam and its degradation prpd@imethylamino-5-chloro-benzophenone (MACB), a8,
60, and 90 days of storage at 30 °C and 4 °C. Afledays, the diazepam injection stored at 4 °&irred 97.4 +/-
1.6% of its original potency; samples stored at°@Oretained 92.4 +/- 1% of their original potenéypparent
absorption to rubber syringe components led toaiedse in the concentration of both diazepam andCBIAThe
decrease in diazepam was a function of storage dimetemperature; however, the disappearance of B1&k@m
the syringes was a function of only time. The firgi pointed towards stability of diazepam injectiasented in
the disposable glass syringes of diazepam cartdsedsfor 90 days when stored at 4 °C or 30 °C.[TRe
compatibility and stability of diazepam injectiorere also studied following dilution to 10 differestincentrations
in 5% dextrose, normal saline, Ringer's injectiod &actated Ringer's injection. Prepared solutiwase examined
for clarity and pH throughout a 24-hour period. Hhedy revealed that diazepam injection is stab&% dextrose,
normal saline, Ringer's injection or lactated Rifgyajection to a dilution of at least 1:40 anetdiwithin 6 hours
or to a dilution of 1:50 and used within 24 hout8][ Further, long term stability study also cladriess than 1.5%
degradation of diazepam was even after ten yedis [1

The parenteral products in solution form needseddsted for its assay and related substance toeeits purity,
safety and accuracy when used in a clinical settifte pH, temperature, light and oxidation are ¢hiical

environmental factors for drug product degradatiorhe aim of this study was to investigate the istgband

compatibility of Diazepam active pharmaceuticalredjent (API) and its finished formulation as inpdde at
different storage conditions as per ICH guideliagd to evaluate the drug product degradation tarerits potency
and safety.

EXPERIMENTAL SECTION
2.1 Materials

An analytically pure sample of diazepam was progdrem Sigma Aldrich, Germany. Ultra pure water@aitrile
and methanol (HPLC grade) were procured from Me&rmany. Potassium dihydrogen phosphate (AR grade,
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purity 99.6%) was procured from Merck, Germany.Z@@am injection was procured from a local pharmaitk
labeled amount 5mg/ml. Other chemicals used weemalytical grade and used as received.

2.2. Instrumentation and chromatographic conditions

Chromatographic separation was performed as panétkod reported in USP 32 with minor modificatigsing an
Agilent 1200 series liquid chromatographic systequigped with G1311A quaternary pump, Agilent valéab
wavelength UV-Vis detector, and a G1329A auto itgecEZ CHROME ELITE software was employed fotala
collecting and processing. Samples were centrifigedsing a Remi Centrifuge (C-24BL).

The mobile phase consisting of a binary mixturenwthanol and water (65:35), was filtered throughsQm

membrane nylon filter (Millipore), degassed prioruse. The flow rate of 1.4 mL/min. Prepare a sofubf p-

tolualdehyde in methanol containing about 0.3 pL&mid used as internal standard. The liquid chrognaph was
equipped with a 254-nm detector and a 3.9-mm xmBG&clumn that contains packing L1. The flow ratesuaken
about 1.4 mL/minute.

2.3 Preparation of Solutions

2.3.1 Preparation of reference solution

The reference solution was prepared by dissolvingaecurately weighed quantity of USP Diazepam RS in
methanol, and dilute quantitatively, and stepwfseeccessary, with methanol to obtain a solutionitga known
concentration of about 1 mg/mL. 5.0 mL of this s$iola was added to a 25 mL volumetric flask, thed ®L of
Internal standard solution added, diluted with raatii to volume, and mixed to obtain a standard amafon
having a known concentration of about 0.2 mg of W&Zzepam RS/mL.

2.3.2 Preparation of test solution

The test solution were prepared by transferringq@surately measured volume of Injection, equivatersabout 10
mg of diazepam, to a 50 mL volumetric flask. 10 oflnternal standard solution was added to thekfldduted
with methanol to volume, and mixed properly.

2.4. Physical characterization
The Diazepam pure drug and commercial samples weaiiated for visual observation, identificatiotd pnd
assay as per the method reported in Indian pharmoai® 2014 and USP 32.

2.5. Stability studies

Stability studies were carried out at different pemature and humidity conditions as per ICH guitdj viz. 25°C +
2°C/60% RH £ 5% RH, 30°C + 2°C/65% RH *+ 5%RH, 48°2°C/75% RH + 5% RH. The tests were carried out as
per ICH guidelines as suggested from time to time.

2.6 Stress degradation of diazepam
For stress degradation studies, diazepam pure dnah diazepam injection were subjected to therma an
photodegradation studies. The stress studies veeried out under the conditions as defined by IC6+18].

2.6.1 Thermal degradation studies

Thermal degradation studies were performed usinigyaair oven. Susceptibility of the diazepam andzdpam
injection to dry heat was studied by exposing at°@0for seven days (25 degree celsius of air teatper
corresponds to 50 degree celsius goods temperiagide brown painted cargo container) [19]. Affatiént time
intervals, amounts of diazepam samples (Threeoatap for each time) were taken and diluted inilstelistilled
water to give final concentration of diazepam gsorted in section 2.3.2 and evaluated using vadidiPLC
method.

2.6.2 Photodegradation studies

Photodegradation studies were carried out in agstability chamber. For photo-stability testingc@ol, white,
fluorescent lamp designed to produce an outputlainid that specified in ISO 10977 (1993) and ar#dd
fluorescent lamp having a spectral distributiomir820 to 400 nm (with maximum energy emission betw850
and 370 nm; a significant proportion of UV in bdithnds of 320-360 nm and 360-400 nm) of ICH Q1B {@p2)
were used in the photo-stability chamber (Model TiB:200S) manufactured by Thermolab Scientific Bqénts
(Thane, Maharashtra, India)[24]. Samples were esgha® the cool white fluorescent light providingeoall

illumination of not less than 1.2 million lux houasid an integrated near-UV energy of not less #@hW hing
[20]. The controls of temperature and relative hiityiwere maintained appropriately constant thraughwithin
30 £ 2°C and 65 £ 5% relative humidity, respectjyé minimize the effect of localized temperatared humidity
changes. The diazepam pure drug and diazepamtiamscwere exposed to ultraviolet radiation andibiés
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radiation for 1, 7, 15, 21 and 28 days. At thedpfmed time intervals, aliquots were withdrawnsaitable time
intervals (Three ampoules for each time point) ditagted in sterile distilled water to give final meentration as
reported in section 2.3.2.

RESULTS AND DISCUSSION

The study of photo, thermal and chemical degradatidhe stability of drugs is one of the most cenmed areas in
the field of drug development and formulation. 3igbof a pharmaceutical product may be definedthas
capability of a particular formulation in a specifiontainer/closure system to remain within itsgitsl, chemical,
microbiological, toxicological, protective and imfoational specifications [21-22]. In other wordsisithe extent to
which a product retains, within the specified lisnithroughout its period of storage and use, theegaroperties and
characteristics possessed at the time of its pauffa&tability testing thus evaluates the effecteaf/ironmental
factors on the quality of the a drug substanceforrmulated product which is utilized for prediatiof its shelf life,
determine proper storage conditions and suggestitgpinstructions. Moreover, the data generatednduthe
stability testing is an important requirement fegulatory approval of any drug or formulation [2B].this study,
thermal and photostability studies of diazepam veamreied out through employment of stress conditidrhermal
degradation profile of diazepam was studied at b&®h°C and 50 °C for different time periods and the
photodegradation of reconstitution product was isthdfor different time periods to mimic the possibl
environmental conditions as suggested by ICH giridel and the temperatures which are prevalent diamn
subcontinent during summer seasons with a particefarence to hot and humid conditions.

3.1 Development of analytical method

The relative retention times are about 0.5 for Ipalehyde and 1.0 for diazepam, the tailing fadtmr the
diazepam peak is not more than 2.5, the resoluBgrpetween the p-tolualdehyde and diazepam peakstiless
than 3.5, and the relative standard deviation dpticate injections is not more than 2.0%. The wm@tbeems to be
suitable for analysis of drug during stress degradatudies.

Table 1: Physical characterization of diazepam purelrug

Test Results Inference

Description Light yellow Meets IP 2014
Identification IR spectrumMeets IP 2014/USP 32 Standards
PH (1% w/v in WFI) 6.52+0.24 | Meets IP2014/USP 32 standgrds

Assay 100.7+0.14 Meets IP 2014/USP 32 standards

Table 2: Physical characterization of diazepam inje®n

Test Results Inference

Meets USP 32 standards; Fails|IP
2014 Standards

Absorption maxima at about 242 and at about 284 Meets IP 2014/USP 32 Standands

Description Light yellow

Identification Retention time of the major peak in the chromatogeé the test Assay preparation
corresponds to that of the Standard preparatiassay test.

pH 6.41+0.19 Meets IP 2014/USP 32 Standands
Assay 99.73+1.57 Meets IP2014/USP 32 standards

Meets IP2014/USP 32 standards

3.2 Physical characterization

Table 1 and table 2 showed the results of physicatacterization of diazepam pure drug and diazep@mution
respectively. Diazepam, an almost white to paléoyepowder had a pH of 6.5+0.24 and assay was fdarioke
100.7+0.14. Diazepam injection identified both W2014 and USP 32 method meets the standards. The pH
(6.41+0.19) and assay (99.73%£1.57) of diazeparmctign were found well within limits. Thus, the ygital
parameters stayed practically unchanged duringethmenths of storage of both diazepam and diazepgeution.
However, diazepam injection seems transparengkd jiellow in colour and so fails in the descriptigart of Indian
pharmacopcoeial specifications.The descriptionadlour of the injection is confounding as it canraged that the
pristine diazepam API is also yellowish in cololihus, the clear to pale yellow colour of the fidhproduct as
specified in the USP32 is more achievable/justiéads described in the literature and in view efltght sensitivity
of diazepam API and finished product. The revéesiholecular rearrangement reaction from a sevembee ring
to a six member ring and vice versa leads to thesipte colour change which does not jeopardizeéient safety
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and thus the description in USP 32 for the finishgoduct is more suitable. To ensure the safepeas of
diazepam injection, further stability studies weomducted.

3.3 Stability study

This study is important to identify what attribuk&as susceptible to change during storage, as wdhea level at
which that quality attribute remain within acceptancriteria. The stability study of diazepam pureigdand
diazepam injection under intermediate conditiond aocelerated stability conditions showed no pittipn and
change in pH and color change were observed inoarlie samples during the three months of storageoth
storage conditions (At 30°C+2°C/65%RH+5%RH and 4HPT/75%RH+5%RH). The percent diazepam
remaining in the diazepam and its parenteral foatmh over a 3 month period was greater than 9N%.
difference was observed between formulations aachgé conditions (Table 3). The average pH of tmapdes
(between 6.2 and 6.83) was able to minimize theattdion of diazepam in its parenteral formulation.

3.4 Accelerated testing

In case of accelerated stability studies, the eétehemical reaction is increased by incremenempgerature which
ultimately increases the rate of chemical degradatir physical change of a drug substance or dradyst by
utilizing exaggerated storage conditions. In additio long term studies, the chemical effects at accelerated
conditions and the effect of short-term excursiaasmight occur during shipping can be assessedtaimeously.
The accelerated testing studies' results may alway$e predictive of physical changes (Guidanaelrfidustry
Q1A(R2) Stability Testing of New Drug Substances &roducts). The elevated temperatures are masgy in
accelerated testing which may increase the rateastions, but the outcome may be different in cdisecold chain
product. It is useful to estimate the rate of rigaicat single or different temperature and extrafoh to the desired
temperature, thereby predicting the ambient stgbjii4]. The thermolabile products further detesiter due to
absorption of thermal energy which decrease theyasisactive ingredient or depreciate physical apaece such as
coloration of some components, modification of diggon rate or cracking / separation of emulsions.

3.4.1 Thermal degradation studies

Temperature has a high degree of influence onaalkties of chemical reactions and it is usuallgederated by
raising the temperature. This is understandablgeswith increased temperature, molecules tend teerfaster with
increased kinetic energy. Additionally, the ratecoflision molecules increases greatly. Finallygajer available
energy causes more molecules to have enough activetiergy and the fraction of collisions with sbie energy
increases. It is typically said that a 10 °C ineg=in temperature produces a 2-5 fold increasedéomposition [25].
Thus, thermal degradation studies are importarthase studies provide evidence on how the quafitgRi or
finished product varies in different storage coiodis. When the diazepam and diazepam injection wepesed to
50 °C showed less than 5 % degradation in seves @aple 3). Thus, diazepam is a thermally stdhlg. Similar
findings were also observed with diazepam injection

3.4.2 Photodegradation studies

The active principles, product formulation and pagikg can be affected by light. There may be bleaciof
colored compounds or a possible discoloration ddréess / white coloured products. The loss of poyeof the
product is the most common degradation effect agmed with pharmaceuticals. This has further oquisece of
rendering the drug therapeutically inactive. Indiidn to this, photodegradation products formed the
pharmaceutical preparation may lead to adversetsffghich is concentration dependent [26].

It is essential to possess basic details reganolmagoreactivity of compounds to furnish informatipartaining to
handling, packaging, labeling and use of the dulgstance or drug product. The mechanistic knovweleatgput
photodegradation is of importance in stabilizing groduct. Exposure to electro magnetic radiatiwhthe transfer
of radiant energy to the substance may directlyndirectly affect the drug molecules. As a matthe transfer and
uptake of energy in the form of radiant light sudsently degrades the active substance [25, 2712@&].ultraviolet
irradiation present in sunlight along with visitdpectra as well as artificial light sources sucHlasrescent light
mainly contribute to the photodegradation of théivacsubstance which alters the physicochemicgbgnties of the
product, e.g. discoloration or cloudy appearaniseosity loss, change in dissolution rate or prigaiion etc. [25].

Among the factors influencing drug degradation thetostability or photosensibility of pharmaceduiscis an area
of growing concern as the number of drugs fountbéagphotosensitive is increasing. In this study,tpsm@ability
studies of diazepam were carried out through enmpéoy of stress conditions. Photodegradation wakedat both
ultraviolet and visible radiation also for diffetetime periods. In this study, thermal and photoitity studies of
diazepam were carried out under stress testingittomsl The thermal degradation profile of diazepaas studied
at both 40°C and 50°C and the photodegradationprisfine sample and finished formulation was stddier
different time periods to mimic the possible enmimental conditions as suggested by ICH guidelined the
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temperatures which are prevalent in Indian suboenti during summer seasons with a particular referg¢o hot
and humid conditions. In this work, experiments @vearried out using commercial samples, in sealessgials,
protected from humidity. On exposures of diazepanaltraviolet and visible radiation in liquid statkis drug was
found to be stable. HPLC results also show thatréitention time and peak area of diazepam remainkanged
and no significant degradation was observed upatopkxposure within the indicated period, suggestimat
diazepam is photostable even after 21 days (Tgble 4

Table 3: Stability study results of Diazepam pure tlg and diazepam injection exposed at 30°C+2°C/65%dRt5%RH,
40°C+2°C/75%RH+5%RH and at 50°C

Stability conditions for diazeapm (Assay:Not lessitan 95.0 percent and not more than 105.0 percent of
Ci16H13CIN,O)and diazepam injection (Assay:not less than 90ercent and not more than 110.0 percent of the|
Period (months) labeled amount of G¢H;zCIN,0)
30°C+2°C/65%RH+5%RH 40°C+2°C/75%RH+5%RH at 50°C
Diazepam Diazepam Diazepam Diazepam Diazepam Diazepam
API injection API injection API injection
Initial Assay 100.7+0.14 99.73+1.57 100.7+0.14 99.73+1.57 00.7#0.14 99.73+1.57
Description Light yellow Pale yellow Light yellow afe yellow light yellow Pale yellow
st 97.48+0.49 97.75+1.05
;\]f;rth 1% | Assay 97.34+0.47 96.54+1.24 95.49+1.35 94.65+1.19 (After 1 day) (After 1 day)
Description Light yellow Pale yellow Light yellow afe yellow Light yellow Pale yellow
95.48+0.98 95.19+1.14
Q\Lt;ronth Assay 93.49+0.94 91.88+0.86 92.87+1.14 91.79+0.26 (After 7 day) (After 7 day)
Description Light yellow Pale yellow Light yellow aie yellow Light yellow
After 6" | Assay 88.98+1.67 NP*
month Description Mild yellow Mild yellow

NP: Not performed

Table 4: Photostability studies results of the detenination of diazepam and diazepam injection afterexposing to photostability chamber
as per ICH guidelines

Photostability of diazeapm (Assay:Not less than 9B percent and not more than 105.0 percent of &H:sCIN,O)and diazepam
Period injection (Assay:not less than 90.0 percent and nahore than 110.0 percent of the labeled amount of,¢H,:CIN,0)
(days) Diazepam API Diazepam injection
Assay Degradation (%) Assay Degradation (%)
Initial 100.7+0.14 0% 99.73+1.57 0%
st
Aflf_)earyl 99.56+0.49 1.14% 97.98:0.84 1.75%
d
Aﬂ;;yz" 98.110.88 2.59% 96.39+0.79 3.34%
th
Afltjeary7 95.19+0.77 5.51% 94.39+0.69 5.84%
th
Aﬂg;y' 93.1840.79 7.52% 93.54+0.76 6.19%
st
Aﬂ§;§1 92.34:0.68 7.73% 91.49:0.64 8.24%

A higher degradation in daizepam injection as caeghao diazepam was observed. However, it was withe
limits of pharmacopoeial specifications. A yellotvisolor developed thereupon exposures of diazepgaution to
heat and ultraviolet radiation. However, other paters such as assay remains within limits and saldr changes
may be acceptable. From the results of the phgtadation studies, it was observed that the drugersolid state
was comparatively more photostable than in solutidiurther exposure is required to determine the
photodegradation of diazepam or diazepam injection.

CONCLUSION

In the present research work, a systematic appreach successfully applied to better explore théilita of
diazepam and diazepam injection in different emuinental conditions and comparison with pharmacaoei
specifications.

In view of the above findings, it is suitable tors the diazepam injection below 30 °C, protectedhflight. The
slight pale yellowish colour as suggested by USH fna quantified in the description and adopted theo
pharmacopoeias also to prevent any ambiguity in dbscription of the finished product for harmorizat
Consequently, an appropriate protection is reconti@emuring storage, handling and reconstitutiothefproduct.
Thus, the product degradation can be minimizedthadpharmaceutical safety and efficacy can be mized. A
further, risk based study is required for pharmécelidevelopment to ensure the product safetygirity and
quality for patient.
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