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ABSTRACT

Menadione (vitamin Ks) is a water-insoluble vitamin and an analogue of vitamin K. Its use an anti-cancer drug
is increasing day by day. It produces its anti-tumor effect without causing any harm to the normal cells. Various
methods have been developed for the analysis of menadione in pure form, pharmaceutical products and
biological fluids which includes spectrophotometry, chromatography, potentiometry, colorimetry,
electrochemical, chemiluminescenes and polarographic methods. Of all the methods HPLC methods have been
found to give more reliable and sensitive results. Fluorimetric methods are more promising as compared to the
spectrophotometric methods for the assay of menadione. Certain polarographic methods have been found to give
better results for the biological fluids. Chemiluminescence methods can be used for the assay of the vitamin

without facing any interference.
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INTRODUCTION

Menadione (vitamin Ks), a provitamin [1], is a
synthetic analog of 1,4-naphthoquinone having a
methyl group at position 3 [2] (Figure 1). It is
formed as a result of catabolism after intestinal
absorption of vitamin K and also appears in urine
[3]. It occurs as pale yellow crystalline powder,
odorless, which is insoluble in water and freely
soluble in toluene. It is light sensitive and
incompatible with oxidizing agents. It should not
be given to the neonates and during the third
trimester of pregnancy as it can cause the
development of hemolytic anemia, kernicterus and
hyperbiliribaemia to the infants. However it can be
safely used during lactation [4]. Studies have been
conducted related to the chemical and physical
properties and the different analysis techniques of
menadione [5] Vitamin K is essentially required for
the proteins which are responsible for blood
clotting [6]. It also has major role in bone
mineralization [7] and developing nervous system
[8]. Deficiency of vitamin K results in easy
bleeding like nose bleeding, gum bleeding and
blood in stool and urine. However deficiency of
this vitamin is not common in healthy people as
vitamin K is abundantly found in a number of
foods [9]. Soya bean oail, olive oil, green leafy
vegetables and canola oil are the major sources of
vitamin K [10]. There is no reported toxicity

related to vitamin Ky and K3, but menadione can
interfere with body’s antioxidant causing cell
membrane damage [11]. Menadione is not
prescribed for vitamin K deficiency as it induces
liver toxicity and hemolytic anemia in infants when
given through parenteral route [9]. The effects of
vitamin K are inhibited by large doses of vitamin A
and vitamin E [12]. Vitamin K antagonizes the
effect of warfarin [13]. The fetal vitamin K
synthesis may be disturbed by drugs like
rifampicin, isoniazid, warfarin and certain
anticonvulsants [14].

ANTI-CANCER
MENADIONE

PROPERTIES OF

The new finding regarding menadione has diverted
the attention of the physicians towards the role of
this vitamin in treating cancer at different stages
[16]. Out of all the vitamin K analogues, K, and K3
has shown such properties. Studies have shown that
vitamin Kz exhibits its anticancer effect at
relatively high doses [17]. A new anticancer drug
(imatinib mesylate) in combination with vitamin K
[18]started suppressing the growth of the cancer
cells found in the lungs [19] and similar effects
were observed in the cancer cells of liver and
bladder [20,21]. In vitro studies have shown that
menadione has proved itself to be an emerging
drug for the treatment of solid tumors like in lung
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cancer but its use in gastrointestinal cancers has not
shown any promising results when given in
combination with the traditional chemo drugs [22,
23]. Vitamin K Kkills the tumor cells without
causing any harm to the normal cells and they do
this by stimulating oxidative stress [24]. The
mechanism by which menadione exhibits its
anticancer properties can be summarize by these
three points: it inhibits the formation of the new
blood vessels which may be helpful in the rapid
growth of the cancer tissues [25], it hinders the
cells in proliferating by interfering with the
microtubules [19] and also it prevents the enzymes
responsible for the DNA formation [26]. It has
been found that menadione exhibits a mechanism
which has been given the name of ‘oncosis’.
Vitamin Ks activates the ischemic cell death and
the cancerous cells are specifically prone to it [1].
Combination of menadione with vitamin C has
proved to be very effective against cancer cells, the
combination causes the cancer cells to split open
and emptying their contents [27]. Research has
been conducted revealing the role of menadione
and ascorbic acid in treating prostate cancer [28],
and the dose adjusted was 50 mg/day and 5000
mg/day respectively for those who did not respond
to the standard treatment [29]. A group of
researcher has also find out that ascorbic acid
causing the reduction of menadione is helpful in
killing the breast cancer cells [30].

ANALYTICAL METHODS FOR THE ASSAY
OF MENADIONE

Various analytical methods have been used for the
assay of menadione and its salts in pharmaceutical
preparation and biological fluids. These methods
are reviewed in the following sections. Figure 2
represents the graphically the analytical methods
used for the analysis of menadione.

Spectrometric methods: Two spectrophotometric
methods have been proposed for the determination
of menadione and its sodium bisulfate salt in
pharmaceutical products. The methods have been
found to be rapid, simple and sensitive. One
method involves the formation of a blue colored
product on reacting menadione with 3-methyl-2-
benzothiazolinone hydrazone hydrochloride, the
product have the Amax of 625 nm. Another method
is carried out by reacting menadione with
resorcinol resulting in the formation of a red
colored compound showing the maximum
absorption at 520 nm. The methods can be
applicable within the concentration range of 0.4-16
ug mit and 1-24 pug ml? respectively [31]. A group
of researchers has conducted a validated method
for the determination of menadione in plasma by
liquid chromatography-tandem mass spectrometry.
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The method has been found to be selective and
sensitive and has shown good precision and
reproducibility. It is based on the derivatization of
menadione with 3-mercaptopropionic acid and
identified by mass spectra. The method has been
proved to be 33 times better than the analysis
performed on the underivatized compound and the
quantification limit for the vitamin is 0.03 ng ml*
[32]. A two derivative spectrophotometric method
has been developed for the determination of
menadione sodium bisulphate by converting it into
menadione using sodium carbonate. The method
can be easily applied to the pharmaceutical
preparations. The quantitative determination
required 350 nm and 355nm for the first- and
second —order derivative method respectively [33].
A group of researchers have performed the analysis
of menadione in bulk and pharmaceutical
preparations by reacting it with 3-methyl-2-
benzothiazolione hydrozone in the presences of
ferric chloride. No interferences were observed and
the absorption was detected at the wavelength
between 650-670 nm [34]. Methods have also been
developed to determine menadione in vitamin
mixtures [35].

Fluorimetric methods: A method has been
proposed for the fluorimetric determination of
menadione. Menadione sodium bisulfate (water-
soluble salt) is extracted with methanol and with
the help of sodium carbonate is converted into a
fat-soluble vitamin. After analysis with RP-HPLC
the vitamin is subjected to fluorescent and is
converted into its 1,4-dihydroxy analogue. The
concentration range of 1-100 mg of menaldione
showed the fluorescent response. Average standard
deviation was found to be 5.5% and all the
recoveries were more than 90% [36]. A group of
workers conducted the fluorimetric determination
of menadione by HPLC with post-column
derivatization. The sodium bisulfate salt of the
vitamin in animal feed was determined at the
concentrations of 0.02 pg/gm. The recovery was
found to be 94.4 +/- 6.8% [37]. A successful
method for the determination of menadione sodium
bisulfate in pharmaceutical formulations by
spectrofluorometry has been developed. The
sample was mixed with NaOH, Na;SO; and
acetone in a T connector. The photochemical
reactor was attached to a 6-W mercury lamp at an
emission wavelength of 459 nm and an excitation
wavelength of 336 nm (38).

High performance liquid chromatographic
methods: A rapid and simple reversed phase
HPLC method has been proposed for the analysis
of menadione in biological fluids (blood serum and
urine) along with  retinol, menaquinone,
cholecalciferol, a-tocopherol, a-tocopherol acetate,
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d-tocopherol and phylloguinone. The Phenomenex
Luna C18 column was used and the flow rate was
adjusted at 1.3 ml/min. the detection was conducted
at 280nm and the detection limit was found to be in
the range of 1.4-6.6ng per 20 microl injected
samples. The recovery ranges for the blood serum
were within 95-97.6% and for urine were 9402-
95.8% [39]. An accurate, simple and sensitive
HPLC procedure for the analysis of menadione has
been conducted. The vitamin obtained from the
plasma was extracted using n-hexane and methanol
was added to the extraction solution to prevent loss
of vitamin. The method employed the detection at
265 nm. The recovery was 82.4 +/- 7.69% [17].
Study has been conducted utilizing the technique of
HPLC using C 30 column along with the
development of fluorescence detection to determine
menadione in urine. 95% methanol and
0.55%aqueous solution of 5% DI H,O were utilized
as the mobile phase. The study has shown linear
calibration curve and has been found to be
reproducible and sensitive [40]. Another accurate
and successful HPLC method has been developed
for the determination of vitamin K; and K3 found in
the facial skin cream. The detection has been
performed at 333 nm using C 18 column. Linear
calibration curve has been observed for the
concentration of 0.2-1.0 mg/ml. the method has
been found to be rapid and simple and can be used
successfully for the determination of menadione in
commercial creams [41]. A group of workers
performed the analysis of five fat-soluble vitamins
including menadione, retinyl acetate,
cholicalciferol, a-tocopherol and a-tocopherol
acetate in feed. The film coating of the tablets was
destroyed with the help of enzyme, ethanol was
utilized for the extraction of vitamins and for the
purpose of purification, Oasis HLB was used.
Methanol: water (98:2 v/v) was used at the mobile
phase while the detection was carried out at 230
and 265 nm. The method has been found to be
linear, accurate and repeatable [42]. A method has
been proposed for the determination of fat-soluble
vitamins: menadione, retinoic acid, retinal, retinol,
vitamin D, and Ds utilizing the technique of RP-
HPLC. The vitamins were extracted from the
plasma of rabbit. The UV detection was made at
245 nm and the mobile phase was composed of
methanol: ethanol (85:15 wv/v) with 0.1%
triethylamine. For extraction different solvents
were used for different vitamins. The method has
been found to be linear and showed 40% recovery
for each vitamin [43]. Studies have also been
conducted for the analysis of vitamin K3 in animal
feed [44,45], multivitamin formulations [46,47]
and in minerals and vitamin supplements [48].

been
pulse

methods:
carry out

Polarographic
conducted to

Study has
differential
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polarographic assay of menadione found in plasma.
The material is extracted from plasma and then
treated with ether and finally dissolved in
methanol. The method has been reported to give
linear calibration curve [49]. Group of workers
have proposed a quantitative polarographic
procedure for the analysis of vitamin Ks. Almost
the whole quantity of the vitamin is recovered
completely. The non-aqueous polarographic
medium consists of petroleum ether extract of the
feed containing menadione [50].

Chemiluminescence method: A  successful
method has been  proposed where the
chemiluminescence is produced by the bisulfate
given off by the menadione on reaction with Ce
(V). The concentration range was within 0.01-10
pg/ml and the RSD was found to be 3.45% [51]. A
simple, selective and sensitive method has been
proposed for the determination of menadione and
its conjugates. The compounds are reacted with
dithiothreitol and luminal is wused as a
chemiluminescence probe to detect oxygen. No
interferences were detected and linearity was
observed in the range of 5-240 for menadione and
its conjugates (52).

Potentiometric methods: Favorable results than
the standard spectrophotometric method has been
claimed to by the researchers who have performed
a potentiometric method for the analysis of
menadione. Polyvinyl chloride matrix is used as
the membrane sensor interacting with menadione
anions in the presences of bathophenanthroline
nickel (I1) and iron (II). The method has shown
linear response for the concentrations of 10-1-10-5
M, fast response time, low detection limit and good
stability and selectivity coefficient [53].

Electrochemical methods: It has been found that
menadione exhibits redox reaction on a carbon
electrode in the presences of 0.1M H3PO, with the
potential separation of 343 mV. This property of
the vitamin has been utilized for its analysis by
developing a voltametric method. The surfactants
(cationic, anionic and non-anionic) produce
negative effect on the potential separation. The
sensitivity of the method has been found to be (8.6
+ 0.2) x 103 pA pM? [54]. A method has been
proposed for the analysis of menadione. Menadione
gives a well-defined polarographic catalytic wave
in the presences of KIO; maintained at pH 4.7. The
peak potential was observed at -0.955 V. the
concentration ranges within 4.0 x10® - 2.0x 10
mol/L. KIO3 has contributed to the sensitivity of
the method [55].

Colorimetric methods: Study has been done for
the determination of menadione calorimetrically.
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Menadione forms purple complex with chloranilic
acid in the presences of ethanol-dioxane mixture
which can be measured at 510 nm. The recovery of
the method has found to be 97.6% within the
concentration range of 0.2-1.1 mg% [56]. Another
colorimetric method has been proposed for the

determination of menadione in fodder preparations.
The vitamin obtained from the carotenoids is
extracted with the help of benzene. The method has
been found to be suitable for pharmaceutical
preparations also [57].

i i
| |

Figure 1: Structure of Menadione

Table 1: Selected Physico-Chemical properties of Menadione [15]

Empirical formula C11HsO:
Chemical name 2-methyl-1,4-dihydronaphthalene-1,4-dione
Molecular weight 172.18
Melting point 107°C
Density 1.225 g/lcm?®
Solubility in water 160 mg/L (at 30 °C)
pKa (acidic) 12.94
12 -
10 -
g 8-
3
8 6 -
E
< 4 4
2 -
0 -
a b C d e f g h
Analytical Methods

Figure 2: Application of the analytical methods for the determination of menadione in active, pharmaceutical
preparations and biological fluids: a. spectrometric method; b. fluorimetric methods; c. HPLC methods; d.
polarographic methods; e. chemiluminescence methods; f. potentiometric methods; g. electrochemical methods
and h. colorimetric methods.
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