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Abstract

Forced degradation is a process that involves degradation of drug products and drug substances
at conditions more severe than accelerated conditions and thus generates degradation products that
can be studied to determine the stability of the drug molecules.

Five different brands of Ceftriaxone injection were collected from the market and exposed to
various stress condition like alkaline, acidic, oxidative and thermal degradation .The degradation
process was followed by using spectrophotometric analysis.

All the antibiotic brands undergo forced degradation at conditions in different ranges and the
maximum degradation observed in the basic medium.

Keywords: forced degradation, Ceftriaxone injection, Aden city.

Introduction:

Forced degradation is a process that involves degradation of drug products and drug substances
at conditions more severe than accelerated conditions and thus generates degradation products that
can be studied to determine the stability of the molecule. There are three types of stability studies
which are long term stability studies, accelerated stability studies and intermediate testing®236:19,
Stability testing provides information about degradation mechanisms, potential degradation
products, possible degradation pathways of drugs, as well as interaction between drugs and
excipients in pharmaceuticals. Results are applied in developing a suitable manufacturing process,
selecting proper packaging, storage conditions, product’s shelf life and expiration dates?252113.724).
Ceftriaxone for injection is the 3rd degeneration cephalosporin beta-lactam antibiotic
used in the treatment of infections due to susceptible Gram-positive and Gram-negative
bacteria, including infections of the abdomen, bones and joints, central nervous system,
skin and skin structure, genito-urinary tract (including gonorrhea) and respiratory tract, in
gynecological infections, and in early Lyme disease®.

The bactericidal activity of Ceftriaxone results from the inhibition of the cell wall
synthesis and is mediated by Ceftriaxone binding to penicillin-binding proteins. It
inhibits the mucopeptide synthesis in the bacterial cell wall. The beta lactam moiety of
Ceftriaxone binds to carboxypeptidase, endopeptidase and transpeptidase in the bacterial
cytoplasmic membrane. These enzymes are involved in cell wall synthesis and cell
division. By binding to these enzymes, Ceftriaxone results in the formation of defective
cell walls and cell death.

The applications of colorimetric reagents are not a new technique and Prussian blue complex
method is a simple, sensitive and accurate spectrophotometric method for the analysis of
ceftriaxone, cefotaxime and cefuroxime in pharmaceutical dosage forms and has been developed
and validated. The method is based on the formation of Prussian Blue (PB) complex. The reaction
between the acidic hydrolysis product of the antibiotics with the mixture of Fe® and
hexacyanoferate (lI1) ions was evaluated for the spectrophotometric determination of the
antibiotics. The maximum absorbance of the coloured complex occurred at A = 700 nm@617:3),
Literature survey describes that there are many degradation studies of ceftrixone in various stress
conditions like alkaline, acidic, oxidative, thermal and photo degradation by using
spectrophotometric®1°1® microbiological**¢Y and HPLC methods .?%21218 So this paper deals
with the forced degradation of ceftrixone under stress conditions like acidic hydrolysis, alkaline
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hydrolysis, oxidation and thermal stress and to our knowledge this research is the first work
performed with the purpose to compare the degree of forced degradation in five different brands of
Ceftriaxone sodium injection (500mg) available in Aden market.
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Fig.1. Chemical Structure Of Ceftriaxone Sodium.

Materials and Methods
Materials and instruments:

Sodium hydroxid , Hydrogen peroxide and Ferric chloride(LOBA CHEMIE) , Hydrochloric
acid (sigma Aldrich), potassium hexacyanoferrate(lll) (Labtch chemicals) .
A water-bath thermo stated (heater and shaker) lab. Tech . model LSB0305, Spectrophotometer
unico 2100.

Five different brands of ceftriaxone 500mg injection were purchased from local Aden market (
Table 1 shows the manufacturing and expiry date of different brands),and the experimental work
was done in College of Pharmacy, during July — September 2016 .

Table(1): Manufacturing and expire date of five brands

Brand code Mfg. Date Exp. Date
CTX1 Nov-14 Nov-17
CTX2 Jan-16 Jan-19
CTX3 Apr-16 Sep-19
CTX4 May-14 May-17
CTX5 Feb-19 Feb-19

Methods:
Preparation of Standard Stock Solution of Ceftriaxone Drug (5mg/ml)

The solution of ceftriaxone was prepared by taking 500mg of ceftriaxone injection dissolved in
5ml of sterile water and transferred into 100ml conical flask and the volume was made up to the
mark with de-ionized water.

Preparation of working Solution of Ceftriaxone Drug (Img/ml)

50ml of Standard Stock Solution of Ceftriaxone (5mg/ml) was withdrawn from the above
prepared solution and diluted to 250ml by de-ionized water .

Estimation of ceftriaxone concentrations

The ceftriaxone concentration before and after degradation was estimated by measuring
Prussian Blue Formation by taking 1ml from drug solution under study in separated small flask ,
then 1ml of 0.02M FeCl; and 0.5ml of potassium hexacyanide was added to drug solution and the
volume was made up to 10ml with de-ionized water. Absorbance of the colored complex solution
was recorded by spectrophotometer at the wavelength 700nm.
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Studying the effect of acidic medium

10ml from the working solution of each brand was taken in small conical flasks then 10ml of
0.1M HCI was added in each conical flask and , after one hour ,the concentration of antibiotic was
estimated.
Studying the effect of basic medium

10ml from the working solution of each brand was taken in small conical flasks, then 10ml of
0.1M NaOH was added in each conical flask and , after one hour, the concentration of antibiotic
was estimated.
Studying the effect of oxidation

10ml the from working solution of each brand was taken in small conical flasks then 10ml of 3%
H,0O, was added in each conical flask and , after one hour , the concentration of antibiotic was
estimated.
Studying the effect of heat

10ml from the working solution of each brand was taken in separated small conical flasks. then
the solution was put in water bath 60°C for a period of 1 hour. The study of the kinetic degradation
was carried out by taking 10ml from the working solution of each brand was taken in Pyrex
volumetric flask , then these solutions were placed in water bath for 2 hours at 60°C , and every 30
minutes 1ml of the antibiotic solution was withdrawn in separated test tube for further treatment to
calculate the rate of degradation.

Results and discussion
The table (2) the results of ceftriaxone forced degradation indicates the effects of acidic medium
,basic medium and oxidative medium .The table shows the variation in absorbance before and after
the effect of different degradation parameters after one hour exposure.
Table (2): Absorbance of drugs in different parameters after one hours.

Brand name Absorbance | Absorbance | Absorbance | Absorbance
of initial after acid after base after
solution effect effect oxidation

effect
CTX1 1.339 1.207 0.251 0.637
CTX2 1.386 1.046 0.261 1.104
CTX3 1.194 0.78 0.449 0.743
CTX4 1.670 0.869 0.514 1.361
CTX5 1.334 0.805 0.577 0.87

Acidic medium effect

The previous research (9) indicated that the fluoroquinolones degradation has happened due to the
stress acidic by decarboxylation process. The maximum degradation for acidic pH effect was
found in CTX4 and CTX3 which is equal to 47.96% and 43.67% respectively, but the minimum
degradation was 9.68% , as shown by CTX1(Fig.2).

47.96%

43.67% 39.56%

24.53%

9.68%

B

CTX1 CTX 2 CTX3 CTX 4 CTX5

Fig.2: Effect of acidic pH
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Basic medium effect

The alkaline degradation of the ceftriaxone, yielded to the opening of the main active
bactericidal part of the antibiotic, the beta lactam ring ©.The alkaline degradation of the
ceftriaxone, yielded to the opening of the main active bactericidal part of the antibiotic, the beta
lactam ring ©.1t was observed that the degree of the degradation due to the basic pH effect was
found very high comparatively with acidic pH effect, the maximum percent revealed in CTX1
(81.25 %) and CTX2 (81.17%) , but the lowest value was 56.75% for CTX5 (Fig.3).

81.25% 81.17%
62,30 69.22%
I I 56.75%
CTX 1 CTX 2 CTX 3 CTX 4 CTX5

Fig.3: Effect of basic pH

Oxidation effect

The oxidative degradation of drug substance involves an electron transfer mechanism to form
reactive anions and cations. Amines, sulfides and phenols are susceptible to electron transfer
oxidation to give N-oxides, hydroxylamine, sulfones and sulfoxide. The functional group with
labile hydrogen , like benzylic carbon, allylic carbon, and tertiary carbon or a-positions with
respect to heteroatom , is susceptible to oxidation to form hydroperoxides, hydroxide or ketone ©.
In case of the Ceftriaxone injection oxidation study by hydrogen peroxide, the degradation degree
was found low ,it was 18.5% and 20.35% for CTX4 and CTX2 respectively , but the highest
degradation registered in CTX1 brand was 52.43 % (Fig.4).

52.43%
0,
3T 34.78%
20-3I5% 18.50% I
CcTX 1 CTX 2 CTX 3 CTX 4 CTX 5

Fig.4: Effect of oxidation
Heat effect :
The thermal degradation results (table 3) of different brands of ceftriaxone indicated that the
absorbance decreased in all the brands and the maximum degradation was registered in CTX5
(67.47%) than the other antibiotic brands which resist the thermal degradation.
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Table (3): Absorbance of drug before and after heat effect at 60 C°

Brands Absorbance Absorbance
code of initial solution after heat
CTX1 1.339 0.996
CTX2 1.386 1.023
CTX3 1.194 0.815
CTX 4 1.67 0.916
CTX5 1.334 0.434

Conclusion:

All the antibiotic brands undergo forced degradation in different ranges and the maximum
degradation has been observed in CTX4 , CTX1, CTX1 and CTX5 due to acid effect ,base effect
,oxidation effect and heat effect respectively.

References:

1.

10.

Abdulrhman. A. Akasha, Maha Mahmoud Nashwan, Raihan Jamal Ashour, and Nehal
Abdulrhman Hegazi (2014) :physicochemical microbiological study of different brands
ceftrixone sodium available in Libian market , International Journal of Chemical,
Environmental & Biological Sciences, 2( 2) , 85-89

Abu Tarig, Masoom Raza Siddiqui, Jitendra Kumar, Dinesh Reddy, Prithvi Singh Negi, Manu
Chaudhary, Sanjay Mohan Srivastava, Raj Kumar Singh (2010): Development and validation
of high performance liquid chromatographic method for the simultaneous determination of
ceftriaxone and vancomycin in pharmaceutical formulations and biological samples , Science
Asia ,36 ,297-304

Ali S, Elbashir A, Aboul-Enein H(2015) : Spectroscopic Methods for Analysis of
Cephalosporin in Pharmaceutical Formulations, World Journal of Analytical Chemistry ; 3(1),
21-32.

Alpesh A, Hemant D, Nirav P, Sneha J and Vipul M. (2012): Development and Validation of
Stability Indicating Method for Simultaneous Estimation of Ceftriaxone and Sulbactam
Injection using RP-UPLC Method. IOSR Journal of Pharmacy ; 2(6), 29-37.

Baertschi Steven W., Karen M Alsante , and Report R Reed (2011): Pharmaceutical Stress
Testing: Predicting Drug Degradation, Informa Healthcare , UK, 2nd Edition, Volume 210, 1-
161

Basha M, Reddy G, Rani S, and Kondeti R.(2014): A Review on Forced Degradation Studies
and Its Importance in Analytical Method Development and Validation. International Journal of
Innovative Pharmaceutical Sciences and Research; 2(11), 2929-2940

Chakole R, Charde M, and Welankiwar J. (2013): Development of Forced Degradation
Studies of Drugs. International Journal of Advances in Pharmaceutics; 2(3), 35-39.

Charde M, Kumar J, Welankiwar A and Chakole R. (2013): Development of Forced
Degradation Studies of Drugs. International Journal of Advances in Pharmaceutics; 2(3), 35-
39.

Ekram M. Hassan, M.S. Mahrous, Ruba N. Shdeed (2012): Stability-Indicating
Spectrophotometric Methods for The Determination of Ofloxacin and Ceftriaxone and Their
Degradation Products , Journal of Pharmaceutical and Biomedical Sciences ,18(18) .1-13.
Hassan E, Mahrous M, and Shdeed R.(2012): Stability-Indicating Spectrophotometric
Methods for the Determination of Ofloxacin and Ceftriaxone and Their Degradation Products.
Journal Of Pharmaceutical And Biomedical Sciences, 18(18), 1-13.

Univ. Aden J. Nat. and Appl. Sc. Vol. 22 No.1 — April 2018 219



Degradation study of different brands ...... A.S.Mohammed, O. S. Moogam,A. Alawi Bin Yahia

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Jakaria Md. , Rashaduz Zaman, Mohammad Parvez, Abul Hasanat (2015): In Vitro
Comparative Degradation Study Between Two Brands Of Amytriptyline Hydrochloride Tablet
Using UV Spectrophotometer ,International Journal of Pharma Sciences and Research , 6 (1)
,209 - 212

Kinnar P Patel, Ujjwal Shaoo, Ashim Kumar Sen, A K Seth and Dhanya B Sen (2013):
Development and validation of stability — indicating method for determination of the related
substance of ceftriaxone in ceftriaxone for injection USP by RP-HPLC,4(1) ,3535 -3550.
Kumarel M, Rogel A, Tartel P, Dr. Shendarkar G, and Dr. Vadvalkar S. (2013): Forced
Degradation Study: An Important Tool in Drug Development. Asian J. Pharm. Res. 3( 4), 198-
201.

Maria Luisa Manfio, Danielle Aradjo Agarrayua, Jaison Carlosso Machado, Cleber Alberto
Schmidt (2013): A fully validated microbiological assay to evaluate the potency of ceftriaxone
sodium , Brazilian Journal of Pharmaceutical Sciences ,49 (4),753 -762.

Marianna Zajac ,Anna Jeli and Przemyslaw Zalewski (2005) :stability of ceftriaxone
disodium in Biotrakson and Tartriakson , Acta Poloniae pharmaceutica - drug research , 62
(2) ,89-94

Nwokedi G., Okoye F., Okoye N. and Ukwueze N.(2007):  "Spectrophotometric
Determination of Some Cephalosporin Antibiotics Using Prussian Blue Reaction." Scientific
Research and Essay, 2(8), pp. 342-347.

Olajire A. Adegoke (2012) :chemical derivatization methodologies for UV-visible
spectrophotometric determination of pharmaceuticals , Int. J. Pharm. Sci. Rev. Res., 14(2),
6-24.

Patel JR, Bhavsar AS and Patel SD (2015): Development of a Stability Indicating HPLC
Method for Simultaneous Estimation of Ceftriaxone and Sulbactam in Sterile Powder for
Injection , International Journal for Pharmaceutical Research Scholars,4(1-1),2277 -7873.

Patel K., Sen A., Sen D., Seth A. and Shaoo U.(2013): "Development & Validation of
Stability-Indicating Method for Determination of the Related Substance of Ceftriaxone in
Ceftriaxone for Injection USP by RP-HPLC." An International Journal of Pharmaceutical
Sciences , 4(1), pp. 3536-3550.

R.Narendra Kumar, G.Nageswara Rao, P.Y.Naidu (2010):stability indicating fast LC method
for determination of cefrtiaxone and tazobactam for injection related substances in bulk and
pharmaceutical formulation , International Journal of Applied Biology and Pharmaceutical
Technology , 11(1) , 145- 157 .

Rehman Z, Singh R.(2012): Current Trends in Forced Degradation Study for Pharmaceutical
Product Development, Forced Degradation Study, Degradation Related Impurities, Active
Pharmaceutical Ingredient. International Conference on Harmonization; 3(1), 54-63.

Reynolds D, Facchine K, Mullaney J, Alsante K, Hatajik T, and Motto M.(2002): Available
Guidance and Best Practices for Conducting Forced Degradation Studies; 48-56.

Shinde N, Bangar B, Deshmukh S, Sulake S, and Sherekar D.(2013): Pharmaceutical Forced
Degradation Studies with Regulatory Consideration; 3(4), 178-188.

Shubhangi Shete, Chaitali Dhale, Suhas Joshi, Ratnakar Hole.(2014): Forced Degradation
Study to Stability Indicating Method , World Journal of Pharmacy and Pharmaceutical
Sciences, 3(8), pp. 863-873.

Univ. Aden J. Nat. and Appl. Sc. Vol. 22 No.1 — April 2018 220



Degradation study of different brands ......A.S.Mohammed, O. S. Moogam,A. Alawi Bin Yahia

O dund o (gu 0 3 k1 & e gl ! Gk (o0 ki bt Sy ) B ! 5
@™ O g3l (eal 38 g adra e daw e ) ae llia G
Ot Aadls — Aaall A0S daYanall chuasl) ol
DOI: https://doi.org/10.47372/uajnas.2018.n1.a19

oeaTy

e 28 Cagok 8 A0l o salls Ay eal) Cladie IS8 e ki dlee (o il Sl
L A e ) aaatl Lt o Sy st A1 25 (e s Alall g L)

A ) ASE oy yk aad gl 5o aly (3 saall O sl il Slaall (i e g sl ded Ciman
Sos ySaall Sl axiinl 355 jall il sauSsall o sl 5l (g sl dan ) ¢ aaaal) Lan ) &
RES S ERSCEE Y

Lo saad G g yaall Cag plall JS a4 slie Gy SSEH (g o) dliaall #1650 JS O i) @ jel

.0 At ¢y sul il slaall s (g patl) SIS A palidal) cilalsl)

Univ. Aden J. Nat. and Appl. Sc. Vol. 22 No.1 — April 2018 221


https://doi.org/10.47372/uajnas.2018.n1.a19

