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ABSTRACT

the conditions suggested by ICH Guideline (option 2). The results showe
vitamin K, follows first order kinetics and it is higher in its dosage f

as p-aminobenzoic acid (PAPA), tartaric acid, boric acid, citric
zinc oxide (Zn0O), propyl 4-hydroxybenzoate and methyl 4-hydr
were monitored by UV-Vis spectrophotometric method,
photoprotective agent, which improved the photostabilit
according to ICH guideline. The calibration graph w
30.0x10™ mol L™. The limit of detection and the limit of
respectively.

m dioxide (TiO,),
ompositions products
% PABA was the best

® and 7.35%10° mol LY,

visible light in the
found in leafy

0 improve the stability of anticoagulant control [2].
PY is insolub water, slightly soluble in alcohol and readily soluble in non-polar organic solvents, for
example in n- hexane, ether, and chloroform. The photostability of PY was studied under a combination of a
near UV fluorescent lamp and a cool white fluorescent lamp. Moreover, in the present work demonstrate to
improve the photostability of PY by addition of some photoprotective agents. Their photodecompositions
products were monitored by UV spectrophotometric method, HPLC and LC-MS/MS.
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Figure 1: Chemical structures of vitamin K; (phylloguinone)
EXPERIMENTAL SECTION

Chemicals and Reagents
Phylloquinone (99.9%) was kindly supplied from European Egypt Pharmaceuti
Acetonitrile, formic acid and methanol HPLC grade were purchased from E-Mer
Tartaric acid was purchased from (ADWIC, Egypt). Methyl 4-hydroxybenzoate ane
were purchased from (Sigma Company, Germany). 4-aminobenzoic acid
Company, UK). Sodium benzoate was purchased from (Alexandria Company,

pany, Egypt.
, Germany).

ter was obtained
able tablets were

Company, India). Titanium dioxide was purchased from (Qualike
from a Milli-Q (ZD60115UV) water purification system (Millipor,

Preparation of Standard and Sample Solutions
Standard stock solutions:

The standard stock solutions of concentration 4.43x10°* L of PY was prepared in cyclohexane. Working
standard solution of PY 4.4x10™ mol L™ was fre jate dilution using cyclohexane. Care
was taken to protect the solutions from light at @ of PY was prepared freshly for each
experiment to avoid any bacterial action or chemi

e stabilization of vitamin K, in presence of (0.01%) PABA:
The validity the method was tested regarding to linearity, accuracy, precision, and standard addition

on Harmonization (ICH) guideline. Also, this method was applied to pharmaceutical preparations.

Instrumentation

Irradiation conditions:

CLIMACELL chamber (CLC111, MMM group, Germany) was used as a photostability testing device). It is
equipped with a microprocessor-controlled system of humidification and dehumidification with a powerful
lighting system that guarantees excellent homogenous parameters for testing (near UV light fluorescent lamp
and cool white fluorescent lamp). Working temperature used ranged from 0.0°C up to 99.9°C (without
humidity) and from 10°C to 90.0°C (with humidity). It has inner glass door and the inner chamber is made of
stainless steel DIN 1.4301 (AISI 304). It contains a shelf for putting samples and a sensor for irradiance
measurements. Solution of PY at concentration 4.4x10™° mol L™ was exposed to near UV light fluorescent lamp
and cool white fluorescent lamp and the UV spectra of the samples were recorded just after preparation (t=0)
and the sample of PY solution was stirred at dark for 30min after the addition of the photoprotective agent, the
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samples withdrawn at different time interval (0.5, 1, 3, 5, 7, 10 h) , 5 ml sample was withdrawn and centrifuged
immediately at 3000 rpm for 10 min. The supernatant was filtered through 0.45 pm pore size syringe.

UV spectrophotometry:

UV spectrophotometric method was performed on double beam UV-visible spectrophotometer (Shimadzu,
model 1700) having two matched quartz cells with 1 cm light path. Connected to an IBM compatible personal
computer (PC) and a HP-600 inkjet printer.

Chromatographic conditions and HPLC instrumentation:

High performance liquid chromatographic system (Waters, Milford, USA) equipped with Waters 486 variable
wavelength UV detector, Waters 717 auto sampler injector and pump controlled by Waters 610 controller. The
output S|gnal was monitored and processed using Empower software. The output signal was monltored operated

min™ with maintained at ambient temperature, detection wavelength was
volume was 20 L and the retention times of PY was at 3.99 min.

LC-MS/MS instrumentation and its condition:
Separation and detection for photodegradation product was per
spectrometer (USA). Where Agilent Triple quadrupole mass spe

integration, Agilent Mass Hunter software operated by P
Agilent SB-C18 (50%4.6 mm), a 1.8 um particle size colu
using acetonitrile: 0.1% formic acid (84:16 viv
rate of 0.6 mLmin™.

A literature survey reveals ieser PY was determined according ICH guidelines, thus the
ity of PY in bulk powder and its dosage form. In addition, this

for ten hours,
solution was

and Dose (I1) 80 kilolux for visible. The effect of radiation on drug
absorption spectra at different time intervals.

The maximum ab was observed at wavelength 327 nm, when solution of PY was irradiated,
spectra e absorption spectrum of PY was remarkably decreased by increasing
irradi fore, organic solution of PY in bulk powder is photochemically unstable and its
rate o s first order of kinetic law, the rate constant of photodegradation was 0.185 h™

Absorbance
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Figure 2: Change in absorption spectra of PY in cyclohexane
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HPLC analysis:

On the analysis of non-irradiated and irradiated solutions of PY by HPLC, the chromatogram corresponding to
non-irradiated solution showed characteristic peak of the PY at retention time 3.99 min. In the case of irradiated
solution the characteristic peak of the PY completely disappeared and no degradation products appeared in the
chromatogram (Figures 3a and 3b).

......................................................

LC-MS/MS analysis:

The LC-MS/MS was used to illustrate the photodegradation pathw.
before and after illumination were recorded. The molecular ion
449.6 (M - H) of PY (Figure 4a). The mass spectra of PY sol
was formed in LC/MS chromatogram 171.3 (M- CygHsg)
vitamin K,and formation of new product (Figure 4b). Theffepresentative ext
presence of new product (Figure 5). Photodegradation patfway of PY was prop
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Scheme 1: Photodegradation pathway of PY

Effect of Concentration of Vitamin K; on its Rate of Photodegration
Stock solutions of concentration 4.43x10 ®mol L™ of PY was prepared, then appropriate dilution in cyclohexane
to prepare different concentration ranging from (30.0x107°- 0.25x10° mol L™ ).
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The rate of photodegradation was calculated by plotting In concentration against time. It was found that the rate
of photodegradation increase with increase of concentration of PY, half life time and the percent remaining were

also calculated (Table 1).

v

Figure 5: A representative total ion chromatogram in MRM mode of irra i extracted ion

UV spectrum and HPLC analysis of vitamin K in the
The rates of photodegradation of PY were changed in odium benzoate, methyl 4-
hydroxybenzoate, citric acid, boric acid, tartaric acid, pyl 4-hydroxybenzoate, zinc oxide and titanium
protective agent which improves the
enzene ring in which electrons can
resonate, between different locations within the
adjacent carboxyl group, made up of carbon, two 0

4-aminobenzoic acid involves the abs on of ollowed by the excitement of the 1 HOMO

UMO orbital (unoccupied molecular orbital of
ground states, release excess energy absorbed in the
agents slightly improve the photostability of PY about 2-
addition. The half-life and the percent remaining of PY
The analysis of non-irradiated and irradiated PY solution in
Figures 7a and 7b.
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Figure 6: Absorption spectra of PY in presence of PABA
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Figure 7: HPLC chromatograms of PY with in presence of PABA pre-exposure(A) and post-exposure (B)
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Effect of Concentration of PABA and Propyl 4-Hydroxybenzoate on the Rate of Photodegration of
Vitamin K;

Different concentrations of PABA (0.4, 0.25, 0.1, 0.05, 0.01% (w/v)) and also different concentrations of
propyl 4-hydroxybenzoate (0.4, 0.25, 0.15, 0.1, 0.05% (w/v)) were added to the working solution of PY 4.4x10°
mol L. The rate of photodegradation was plotted against the concentration (Figure 8). It is observed that the

rate of photdegradation increases as concentration of PABA and propyl 4-hydroxybenzoate increase.

Table 1: Rate of photodegradation of PY solution at different concentration of VitaminK;

Concentration of Rate of photodegradation Half-life times Percentage remaining
PY x10°mol L™* (x10-3h-1) tyo(h) (%)
30 250.74 3.98 8.72
25 243.57 4.1 9.03
20 243.87 4.1 9.38
15 229.28 4.36 10.14
12 228.71 4.37
10 224.83 4.44
8.8 216.47 4.61
44 187.93 5.32
2.2 136.45 7.32
11 90.01 111
0.5 20.67 48.36
0.25 18.48 54.0

Table 2: Rates of photodegradation and Half-life times of PY i

PY with photoprotective Rate of photodegradation PY entage remaining
agents Photoprotective agents (x (%)
PY without any additives 185.84 14.64
PABA 4.01 95.91
Sodium benzoate 61.07 54.43
Methy! -4-hydroxybenzoate 56.25
Citric acid 47.5
Boric acid 55.77
Tartaric acid . 52.12
Propyl 4-hydroxybenzoate 20.21 60.8
ZnO 13.86 48.48
TiO, 12.4 44.51

excipients used in PY preparation strongly influenced the photodegradation

Kinetic for the final pharmaceutical products is very important.
e )
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Figure 8: Rate of photodegradation of PY versus different concentration of A) PABA, B) propy! 4-hydroxybenzoate

The method was validated for parameters like linearity range, limit of detection (LOD), limit of quantification
(LOQ), precision and accuracy. The limit of detection (LOD) and limit of quantification (LOQ) were estimated
from the standard calibration curve. LOD (the smallest concentration of the analyte that gives the measurable
response was calculated using the following equation (1) :

LOD=33(c/S)
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LOQ (the smallest concentration of the analyte, which gives a response that can be accurately quantified) was
calculated using the following equation (2):

LOQ =10 (6/S) tieveretieieieiesereetere s stsee ettt senen (2
Where ¢ = standard deviation of the response, and S = slope of calibration curve [9].
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Figure 9: HPLC chromatogram of PY in its dosage form (A) Pre-iWost-exposuﬁo the illumination
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Figure 10: C i centration range (30.0x10° — 1.1x10° mol L™)

Method Validation fo
Linearity study:
The linearity of i is its ability to elicit test results that are directly, or by a well-defined

in Ky in Presence of (0.01%) PABA

mathematical i to the concentration of analyte in samples within a given range
[10,11]. Lineari aring standard concentrations in the range of (1.1x10°® - 30.0x10°®) mol
L of PY_a ion of PABA 0.01%. Three independent solutions for each concentration were

preparg : i ed on a spectrophotometer in the UV range 200-400 nm. The spectrum was
recq . The calibration curve was constructed by plotting the absorbance verses
concen e 10)7 The regression equation was computed. The linearity parameters for the
determina esence of PABA (Table 3).

Table 3: Linearity parameters for the stability of PY in present of (0.01%) PABA

Parameters Results observed PY
Slope 6904.5
Intercept 0.0036
Correlation coefficient (R?) 0.9999
LOD 2.42x10°
LOQ 7.35x10°

Accuracy:

The accuracy of an analytical procedure expresses the closeness of agreement between the value which is
accepted either as a conventional true value or an accepted reference value and the value found. To confirm the
accuracy of this method, the recovery test was performed following the ICH guideline recommendations. This
was determined by adding known amounts 0.68, 0.56, 0.45, 0.34, 0.22, 0.2, 0.1, 0.05 and 0.025 mL of
PY(4.43x10° mol L™) to series of 100 mL volumetric flask with 0.01 g PABA in each volumetric flask and
completed to the mark with the cyclohexane to get final concentrations (1.1, 2.2, 4.4, 8.8, 10, 15, 20, 25, 30)x

7
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10 mol L™ for PY and 0.01% PABA. The resulting solutions were analyzed and the recovered percentages
were calculated (Table 4). Moreover, the accuracy of the method was also determined by the standard addition
method. Known amounts of PY were added to a pre-quantified sample solution, and the amount of PY was
estimated by measuring the absorbance and by fitting these values to the straight-line equation of calibration
curve (Table 5).

Table 4: Data of standard calibration curve for the stability of PY in presence of (0.01%) PABA

No Therotical Concentration of Absorbance Concentration found of Recovery
PY x10° mol L* meansz SD(n=3) PY x10° mol L* %
1 30 2.08+0.01 28.18 93.95
2 25 1.72+0.002 23.29 93.14
3 20 1.37 +0.003 18.58 92.94
4 15 1.03+0.003 14.02 93.46
5 12 0.82+0.004 11.22
6 10 0.68 + 0.004 9.33
7 8.8 0.61+0.003 8.39
8 4.4 0.30+0.001 4.22
9 2.2 0.14 +0.001 2.06
10 1.1 0.06+0.002
Means+SD

Table 5: Application of standard addition method on K chewable tablets for the d

Drugs Label claim Amount of standar
(x10° mol L) (x10° -

4.4

4.4

4.4

K chewable tablets 4.4
4.4

98.71 +0.81
0.81

Precision:
Precision is the measure of the deg
expressed as the percent relati
Precision may be performed
Precision was assessed as

ethod under normal operation, and is normally
) for a statistically significant number of samples.

S.'Repeatability (intraday) was evaluated by the analysis of
2 and 4.4 mol Lof PY with 0.01% PABA each in triplicates

Intra-day precision Mean recovery Mean

Amount Found (x10°° mol L™) Recovery % % +SD RSD%

2.07 94.23

4.23 96.36 95.16 +1.08 1.08

6.26 94.9

Inter-day precision

2.07 94.1

422 96.05 95.00 + 0.98 0.98

6.26 94.85

Effect of 0.01% PABA and 0.05 % Of Propyl 4-Hydroxybenzoate in the Rate of Photodegradation of
Vitamin K; in its Dosage Form

It was found the addition of 0.01% PABA improves the photostability of PY in its dosage form by 25 fold while
0.05% of propyl 4-hydroxybenzoate improves its photostability by 5 fold its dosage form (Figure 11 and Table
7).
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Figure 11: Change in absorption spectra of PY in doses form in present of (0.01%) PABA

Table 7: Rates of photodegradation of PY and its Half-life times in its dosge form in the presence of PABA, propyl 4-

hyroxybenzoate
s Rate of photodegradation
Vitamin Ky(PY) (x10°h)
In Bulk form 185.84
In dosage form 222.13
In dosage form in presence of PAPA 8.81
PY in dosage form with propyl 4-hydroxybenzoate 40.72
CONCLUSION

Vitamin K; is photolabile, its rate of photodegradation ob ic Iaw Its rate of phtodegradation
in its dosage form is higher than in bulk powder. Attempt photostability by addition of
different photoprotective agents. It was found that 0.0 photoprotective agent which
improves the photostability of vitamin Ky by 46 fold in bl
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