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ABSTRACT

A simple, rapid and direct spectrophotometric method for the determination of
fluocrouracil in presence of its alkali-induced degradation products is presented. The method is
based on measuring the absolute value of 1D and 2D of the absorption curve at the chosen
wavelengths. The validity of the method was confirmed using laboratory prepared mixtures of
the intact drug with its alkali-induced degradation products. The method has been also applied
for the assay of some pharmaceutical preparations. Moreover, alkaline degradations has been
studied and a derivative spectrophotometric method for quantitative determination of these
degradations, even in presence of the intact molecule is presented.

INTRODUCTION

Several methods have been reported
for the determination of fluorouracil.

These included pharmacologicall), po-
tentiometric(?), nuclear magnetic reso-
nance®), gas chromatography@), high
pressure liquid chromatography®) and

spectrophotometric ones(¢-19). In the
present paper, we report a simple and di-
rect spectrophotometric method for fluo-
rouracil in the presence its alkali-induced
degradation products.

EXPERIMENTAL

Apparatus: A Shimadzu recording spec-
trophotometer UV 260; Digisense pH
meter, Model NO. 5986.

Materials: Fluorouracil: Roche Co.,

Switzerland, acetate buffer, 11) (pH 4.7),

-~ sodium hydroxide, hydrochloric acid:

Rpee

Nasr Co.; Egypt, and fluorouracil am-
Poules; Roche Co.; Switzerland labeled
1 contain 250 mg fluorouracil per am-

~ poule,

Standard Solutions :

Stock solution A : 100 mg % of refer-
ence fluorouracil in acetate buffer solu-
tion (pH 4.7) was prepared. -

Working solutions A : serial dilutions
within the concentration range 1-6 mg %
were prepared by pipetting separately
0.5-3.0 ml aliquots of stock solution A
into 50 ml volumetric flasks and com-
pleting to volume with acetate buffer so-
lution (pH 4.7).

Sample Preparations :

1- Fluorouracil alkali-induced degra-
dation products :

Fluorouracil (1.0 g) was accurately
weighed and transferred into a 200 ml
conical flask 50 ml of 2 N sodium hy-
droxide solution was added and the solu-
tion was heated under reflux for three
hours, then cooled. The solution, was
transferred into a 100 ml . volumetric
flask and completed to volume with 2N
sodium hydroxide solution. Stock solu-
tion B was prepared by transferring 10
ml aliquot of the above prepared solution
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into a 100 ml volumetric flask, ncuu';}hb
ing with 2N hydrochloric acid ;§|)d dilut-
ing to volume with acetate t.\uncn\‘ solu-
tion (pH 4.7). Working solutions B were
prepared by pipetting scpu.r:ucl_\" _U‘.»n_.ﬂ
ml aliquots of stock solution B into S0
ml volumetric flasks and completing to
volume with acetate buffer solution (pH
4.7.

2- Laboratory prepared mixtures of
authentic Fluorouracil and alkali-
induced degradation products :

a- Six serial dilutions were prepared
by pipetting 0.5-3.0 ml, aliquots
of stock solution A then 3 ml of
stock solution B, into 50 ml volu-
metric flasks and completing to
volume with acetate buffer solu-
tion (pH 4.7).

Six serial dilutions were prepared
by pipetting, 0.5-3.0 ml aliquots
of stock solution B accompanied
by 3 ml of stock solution A, into
50 ml volumetric flasks and com-
pleting to volume with acetate
buffer solution (pH 4.7).

3- Fluorouracil ampoules :

Two ml aliquot of fluorouracil am-
poule (equivalent to 100 mg fluoroura-
cil) was transferred into a 100 ml volu-
metric flask and completed to volume
with acetate buffer solution (pH 4.7).
0.5-3.0 ml aliquots of the above solution
were transferred into 50 ml volumetric
flasks and completed to volume with ac-
ctate buffer solution (pH 4.7).

RESULTS AND DISCUSSION

Figure la shows that the fluorouracil
absorption maximum at 266 nm is over-
lapped by the alkaline-induced degrada-
tion products absorption spectrum. As it
appears from Figures 1b & le fluoroura-

cil has maxima at the wavelengths 1D | =

279 nm and 2D 1 = 266 nm, at which
Fluorouracil alkali-induced degradation
products do not interfere. Thus at these
wavelengths fluorouracil can be deter-
mined in presence of its alkali-induced
degradation products. Under the de-
scribed experimental conditions, the
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graphs obtained by plotting 'y
values versus concentration, in (y
stated in Table 1 show lineay rel

A

' inge

Aoy,
For comparison, the Ao methogi

was applied tor the determination of the

mtact drug. Statistical analysis of (he re-

sults (Table 2) show that all the sup

¢d procedures are as precise and ace

Al
0o n £ . u‘
as the A,y method 1),

(S|
Urate

Inorder to prove the validity and the
applicability of the proposed method, six
different dilutions of a mixtre of Flye.
rouracil and its alkali-induced degrady.
tion products were analyzed for the in-
tact fluorouracil. For comparison, the
modified Vierodt's method(!3 was also
applied and statistical analysis of the re-
sults obtained are shown in Table 3. The
suggested first and second derivative
spectrophotometric measurements are as
precise and accurate as the maodified
Vierordt's method.

Fluorouracil ampoules were assayed
for their fluorouracil content using the
proposed methods and compared with
the modified Vierordt's method (Table
3). The suggested procedures are as pre-
cise and accurate as the modified Vie-
rordts's method.

Moreover, accuracy of the suzli'-c‘“_wd
method was further checked by applying
standard addition technique. The ':\ddcd
amounts are 0-5 times that found in “}f
ampoules. The results obtained (Table J)
revealed high degree of accuracy.

Stability and Degradation :

o o ealutions
Fluorouracil is stable In solutio

which are not strongly basic (Pl‘l’ll)fl‘:f
than 9). When subjected to‘sirong_bl o
ic conditions, fluorouracil 18 hydro {c ”
to urea, fluoride, and aldehyde. '}’-("-1*1(:[5
the urea formed on h)jdml)'ﬁ”‘c';r‘hon
further giving ammonia ant

dioxide(12), ali

Figure la reveals that ‘l:]f;vglmux-
induced degradation pmducl.swlls]ich Ay
imum absorption at 282 nm - carbony
be attributed to the prcscmfc"zm s over
group. However, that maxinit



Table (1) Optimum parameters for calibration curves construction
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{ . N
Standard Measure- Cone. \ Regression analysis oV
Solution of ments |range mg% | nm o
B K R '
Fluorouracil 1D ’ 979 | 0.0257 | 17.6024 | 0.9999 | 0.29
2D . 266 | 0.1034 | 90.4531| 0.9979 | 0.24
Fluorouracil 1D 1-6 262 | 0.0314|13.3140| 0.9994 | 0.28
alkali-
induced
degradation 2D 1- 6 247 | 0.0865|79.9815| 0.9998 | 0.33
products
\ __J

Table (2): Statistical an

alysis of the r
of Fluorouracil using firs

esults obtained for assay
t and second derivative
ments (Zero-Crossing

spectrophotometric measure g
technique of measurements) compared with Apax
method.
Anae method | 1D (1=279nm) | *D (A=266nm)
Recovery % Recovery % Recovery %
X 100.1 100.2 100.4
+ S.D. 0.19 0.29 0.24
N 6 6 6
A 0.04 0.08 0.06
t 0.72 (1.812) 1.57 (1.812)
N/ 2.00 (4.28) 1.50 (4.28)
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: Statistical analysi§ of

Hand & fluorouracil using
spectrophotometric
technique o
Vierordt's method.

f measurements) compared w

the results obtained for the assay of

first and second derjy
measurements (Zero-Cro

ative
Ssin

ith modifieq

Modified o . Y
] \l/'ierordt's ID (7=279nm) | 2D (#=266nm)
method
Recovery % | Recovery % Recovery o
Laboratory X 100.1 109;2 100.2
prepared +S.D. 0.38 0.57 0.32
mixture of N 6 6 6
Fluorouracil \Y% 0.14 0.32 \ 0.10
and its t 0.38(1.812) 0.49(1.819)
alkali-induced F 2.29 (4.28) 1.40 (4.28)
degradation
products
Fluorouracil X 100.3 100.3 100.3
ampoules + S.D. 0.25 0.27 0.49
N 6 6 6
\Y 0.06 0.07 0.24
t 0.00(1.812) 0.00 (1.812)
F 1.17 (4.28) 4.00 (4.28)
Fluorouracil X 100.2 100.0
ampoules + S.D. 0.42 0.68
applying N
standard \Y
addition t
technique F
. _

lapped by the intact fluorouracil spec-
trum. Meanwhile, in the corresponding

'D and 2D curves, the degradation maxi-
ma are located at Zero-crossing point of
ﬂuogouracil (Figures 1b & Ic). At these
maxima, the degradation can be detected
and quantitatively determined without
ﬂuqrouracil interference., Alkaline degra-
dation of fluorouracil was here in\';sli~
gated as a function of sodjum hydroxide
concentration and time of reflux

Figure 2 reveals that there
decrease in the intac
paralle} to a regular
radation concentrat

1S a regular
t drug concentration,
Increase in the deo-
on, and an incrcaze
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in sodium hydroxide concentration.
Maximum degradation concentration, ac-
companied with nil concentration of in-
tact drug, is achieved using 2N sodium
hydroxide under the described expert-
mental conditions.

. Figure 3 shows that there is a regular
Increase in the degradation concentra-
tion, parallel to a regular decrease in the
Intact drug concentration, when increas-
Ing time of reflux. Maximum degrada-
tion accompanied with nil concentration
ol ntact drug, is achieved after 2.5 hours
refluxing. The absorption is constant fof
another hour of refluxing, then stasts ©
decrease indicating further degradation
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Table (4): Determination of fluorouracil alka-

li-i.nduced degradation products
using first and second derivative
spectrophotometric measurements

applying Zero-Cr

ossing technique

of measurements.
[’ ™
1D (A=262nm) | 2D (A=247nm)
Recovery % Recovery %
X 100.5 100.2
+ S.D 0.28 0.33
\ J
Table (5): Statistical analysis of the results obtained for assay of
fluorouracil using first and second derivative
spectrophotometric measurements (Zero-Crossing
technique of measurements) compared with modified
Vierordt's method.
f Modified R
Vierordt's D (A=279nm) | 2p (A=266nm)
method
Recovery % | Recovery % Recovery %
X 99.9 99.4 99.6
+S.D 0.32 0.23 0.39
N 6 6 6
A" 0.10 0.05 0.15
t 3.2 (1.812) 0.96 (1.812)
F 2.0 (4.28) 1.50 (4.28)
o J
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Concentration, mg%
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Figure(2 1 Stability study of the concentration, mg% of intact Fluorouracil
(I) and its alkali-induced degradation products (II) versus

sodium hydroxide concentration applied for degradation step.

8
-]
-
6
%
£
5
o 47
«
i)
-
c
QJ
3}
=
O e
0 T \J . -
0 1 2 :

Time, hrs.

Figure(3 ): Stability study of the concentration, mg% of intact
: s .Fl rouracil (D and its alkali-induced degradation products
uo

(IT) versus time of reflux.
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of the absorbing carbonyl group. There-
fore. refluang in 2N sodium hydroxide
for 2 hours was here recommended here
for complete degradation of fluorouracil.

Spectrophotometric measurements of
the chmd;umn products at the above
mentioned maxima were recorded and
the results obtained are shown in Table 4.

In order to prove the validity of the
proposed procedures, six different dilu-
tions of a laboratory prepared mixture of
fluorouracil alkah-induced degradation

roducts, together with 6 mg % intact
luorouracil were analyzed for the degra-
dation content. For companson, the mod-
ified Vierordt's method was applied too
and statstical analysis of the results ob-
tained were shown in Table S. The sug-
gested first and second derivative meas-
urements are as precise and accurate as
the modified Vierordt's method.

However, fluorouracil ampoules,
even the stored ones, fail to give any ab-
sorption at the previously mentioned
maxima of degradation, proving its ab-
sence.
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