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Abstract

The chemiluminescence (CL) from the
oxidation of luminol with severa oxidants
(eg., KMnQ, N-bromosuccinimide, KIQ,,
NaClO) in alkaline solution was enhanced by
1~2 orders of magnitude upon addition of
b-cyclodextrin (b-CD). Inclusion of reaction
intermediates and/or the CL-emitter in the
b-CD cavity help stabilize them and shield
them from external radical scavengers or
fluorescence quenchers, leading to dramatic
enhancement in CL emission. The effects of

pH and concentrations of oxidants, luminol

and enhancer on CL have been systematically
studied. These enhanced CL systems were
employed to determine the substances that
participate or influence the CL reactions,
including CL reagents, enhancers, and
inhibitors (e.g., antioxidants, amino acids,
flavonoids).
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Chemiluminescence (CL) detection is a
very attractive analytical tool owing to its
superb sensitivity, wide dynamic range,
simple instrumentation, low cost, fast
analysis, and easy automation. In the past
few years, we have been interested in the
enhancement of CL emission from the
oxidation of luminal using a variety of
catalysts and oxidants. One of the very
effective catalyst for the oxidation of
luminol is microperoxidase (MP), which is
obtained from proteolytic digestion of
cytochrome c¢.'? Intense CL emission was
observed for the oxidation of luminol with
H,O, or m-chloroperoxybenzoic acid

catalyzed by Fe- or Mn-MP.3 In addition,

some enhancers, such as Na,COs; Tris,



guanidine hydrochloride, are capable of
increasing their CL emission by 1-2 orders
of magnitude, depending on the catalysts
and oxidants used.*”

In this project, we have found that the
use of b-cyclodextrin (b-CD) caused a
dramatic enhancement for the CL emission
from the oxidation of luminol with a variety
of oxidants, including KMnO,4 KIlQ,,
NaClO, N-bromosuccinimide (NBS). We
have investigated the effects of pH and
concentrations of oxidants, luminol and
enhancer on the CL emission. We also

studied the potential applications of these

enhanced CL systems.

CL for the oxidation of luminol with KMnQO,

CL emission involving the oxidation of
CL reagents with KMnO, is usually carried
out in an acidic solution. In alkaline solution,
extremely weak CL emission is normally
observed. Fig. 1 shows the CL emission
obtained by a flow injection anaysis (FIA)
manifold for the oxidation of luminol with
KMnQO, at pH 10.0 in the presence of various

concentrations of b-CD.
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Fig. 1. FIA-CL emission for theoxidation of 100 mv luminol
with 100 M KMnO, (pH 10.0) at various concentration of

b-CD. [b-CD] in mM was indicated in the figure.

Extremely weak CL emisson was
observed without b-CD. The CL emission was
dramatically enhanced by the addition of
b-CD and an enhancement of 250 folds was
achieved with 5 mM b-CD. The use of a-CD,
gCD or surfactants (e.g., sodium lauryl
sulfate or cetyltrimethylammonium bromide)
causes only a dight enhancement (less than 2
folds) of the CL emission. The results suggest
that cavity size plays an important role in CL
enhancement. Thus the overall CL efficiency
was greatly increased through the inclusion of
reaction intermediates and/or CL emitter in
the b-CD cavity.

The CL intensity increases linearly over
the concentration range of 10-100 nM for both
luminol and KMnO, (data not shown). The
enhanced CL system can be employed to

determine a variety of substances. Fig. 2



shows the effect of various amino acids (100
mMM each) on the CL emisson for the
luminol/KMnO4/b-CD system. The conditions
in Fig. 1 were used throughout this study.
10000 i

8000+
6000+

[ntensity

40004
20004

ﬂ_

0 200 400 600
Time /s
Fig. 2. FIA-CL emission for lumina/KMnO4/b-CD at pH
10.0 in the presence of 100 M of various amino acids. 1.
None2. Asn 3. Leu 4. Phe5. Cys6. Cystine 7. Met 8. Glu
9.GIn10. Lys11. His12. Vad 14. lle 14. Ser 15. Asp 16.
Arg17.Pro18. Thr 19. Ala20. Tyr 21. Gly 22. Trp

It was found that Cys inhibited the CL
emission, while Tyr enhanced it. The rest of
amino acids showed essentially no effect on
CL emission at 100 nM level. The CL system
can be used to determine Tyr (0-10 nM) or
Cys (0-20 nM) as demonstrated in Fig. 3.
Antioxidants such as trolox (a water-soluble
vitamin E equivalent), L-ascorbic acid, and

3-t-butyl-4-hydroxyanisole (BHA) (at 1~ 20

MM level) inhibit the CL emission
significantly, alowing their quantification
(data not shown).
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Fig. 3. FIA-CL emission for luminol/KMnO4b-CD at
pH 10.0in the presence of (@) Tyr and (b) Cys. The
concentration in mM wasindicated in the figure.

CL for the oxidation of luminol with KIO,

b-CD is aso a very effective enhancer
for the CL emission from the oxidation of
luminol with KIO,4 as demonstrated in Fig 4.
In the absence of b-CD, essentidly no CL
emission was observed for the luminol/K10,
system. Tremendous enhancement in CL
emission was observed upon addition of b-CD.
The use of a-CD and gCD exhibited much
less CL enhancement (about 15% of b-CD)
for the KIO4/luminol system It suggests the
necessity of using CD of suitable cavity size
for efficient complexation with the guest
induce a substantial CL

molecules to

enhancement.



CL intensity

4 6
Time(s)

Fig. 4. Stopped-flow CL intensity versustime profilesfor.

the oxidation of 50 nivl luminol with 0.2 mM KI1O, at pH
12.0in the presence of various concentrations of b-CD
indicated in the figure (0-5 mM; from bottom to top).

The CL intensity increases with
increasing concentrations of KIO, (0.05 ~ 0.3
mM) and luminol (15 ~ 75 nM). Moreover,
the CL intensity increased ~10 folds as the
temperature was raised from 15 to 35°C (data
not shown). This result might be due to an
accelerated rate of CL reaction at high
temperature, leading to an increased yield of
light emitter and hence CL emission.

The CL system of luminol/KMnO4/b-CD
was found to be very sensitive for determi ning
low level (0.01 ~ 0.25 nM) of trolox as shown
in Fig. 5. It is also applicable to the detection

of BHA and avariety of flavonoids (Table 1).

»
L
T A R TG R
[trolox] / M

Fig. 5. The CL intensity of theluminol/KIO,/b-CD system

n the presence of various concentrations of trolox. The

experimental conditions were the same asin Fig. 4.

Table 1. 1C50" and linear ranges of antioxidants

Antioxidants Linear range (M) ICsa { M)
Trolox 1L.5=107* — 2,5%107 0.051
BHA 5=10™* = 6.5x107 0.129
3, 7-dihydroxyflavone S0 ~ Te107 0207
3, 6-dihydroxy flavone LE8 [/ B [ 0.212
3.3"-dihydroxyflavone 1=10% ~ 12107 4384
I-hydroxyflavone 2510 ~ 2.5x107 6458

2 Concentration of antioxidant for 50% inhibiton of CL emission

CL for the oxidation of luminal with NaCIO
The presence of various CDs exhibits
quite different effects on the CL emission
from the oxidation of luminol with NaClO as
shown in Fig 5. Only b-CD shows substantial
enhancement in CL emission. a-CD has
essentially no effect, while gCD and
dimethyl-b-CD inhibit it. The results support
the requirement for comparable sizes of host

and guest molecules to facilitate complexation

and hence CL enhancement.
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luminol/NaClIO/b-CD  is  inhibited by

S-containing amino acids (Cys and Met) as

5-CD 1-20 nM level. Other amino acids have no

- effect on the CL emission for this system.
it Other antioxidants such as glutathione (1-20
j: g — mM), hydroquinone (1-50 nM), quinic acid

L J J L 0 I “‘“’_‘*f“j"‘““ (1-10 mM), sesamol (0.1-3.0 nM), trolox (1-30

e R P G SR e iy nM) have also been determined successfully
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by this enhanced CL system (data not shown).
Fig. 6. FIA-CL emission for the oxidation of lumirnol (100

nM) with NaClO (50 niM) at pH 9.5 in the presence of 5
mM of various CDs. CL for the oxidation of luminal with NBS
b-CD exhibited a dramatic enhancement
The CL emisson of the system . L .
in CL emission for the oxidation of luminal

(20 mM) with N-bromosuccinimide (12.5 mM)

at pH 10.5 asdemonstrated in Fig. 7.

shownin Fig. 7.
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Fig. 6. FIA-CL emission for theluminal/NaClO/b-CD revealing the necessity for a special technique
system in the presence of various concentration (in mM

and wasindicated in the figure) of () Cysand (b) Met. SUCh & & stopped-flow instrument to record

the short-lived emission.

allows the determination of Cys and Met at The CL intensity increases linearly with



increasing concentration of luminol over the
range 10-150 nM. The CL intensity also
increases as the temperature increases from 15
to 35°C, similar to the observation for the
luminol/K104/b-CD system.

The CL emission of luminol/NBS/b-CD
isinhibited by Cys and Met. The effect of Cys

on the CL emission isshown in Fig. 8.
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Fig. 8. Stopped-flow CL intensity versustime profilesfor

the luminol/NBS/b-CD system in the presence of various

concentrations (top to bottom: 0, 10, 20, 30, 40, 50 i)
of Cys. .

Interestingly, L-ascorbic acid further

enhanced the CL emisson of the
luminol/NBS/b-CD system as illustrated in
Fig. 9. The CL intensity increased linearly
with the increasing concentration of
L-ascorbic acid over the range of 0-35 niV,
allowing its quantification. Trolox and BHA
inhibit the CL emission linearly over the
concentration range of 0-60 nM (data not

shown)
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Fig. 8. Dependence of the CL intensity for thesystem
luminol/NBS/b-CD on the concentration of L-ascorbic
acid.
Conclusion

We have found that b-cyclodextrin is
capable of enhancing the CL emission from
the oxidation of luminol with KMnO,, KIO,,
NaClO, and N-bromosuccinide in alkaline
solution by 1~2 orders of magnitude. The
inclusion of reaction intermediates and/or CL
emitter in the b-CD cavity plays a mgor role
for the CL enhancement. These enhanced CL
systems were employed successfully to
determine a variety of substances including
Cys, Met, Tyr, trolox, L-ascorbic acid, BHA,

and other antioxidants.
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