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Method to overcome photoreaction, a serious drawback to the use of
dichlorofluorescin in evaluation of reactive oxygen species
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Background: _

Dichlorofluorescin-diacetate (DCFH-DA) is widely used for the analysis of Reactive Oxygen
Species (ROS) in cells. DCFH-DA is converted to DCFH by intracellular esterases, and the DCFH
is then converted to Dichlorofluorescein (DCF) after reaction with ROS, especially hydrogen
peroxide. DCFH is not fluorescent while DCF is fluorescent. However, DCFH is reported to be
oxidized to DCF by photo~irradiaﬁon. The photo-reaction is a serious drawback to use DCFI
because photo-irradiation, i.e. excitation is necessary to determine the fluorescence of DCF in the
presence of DCFH. We investigated the photo-reactivity of DCFH and found suitable ways to
suppress the photo-reaction of DCFH, which can ensure the reliability of DCFH for the evaluation
of ROS.

Materials and Methods: ,
Dimethyl sulfoxide differentiated HIL60 cells (DMSO-HL60, neutrophil-like cells) were incubated
with DCFH-DA to get DCFH loaded cells. DMSO-HL60 were stimulated with phorbol myristate
acetate (PMA) to generate O, . In the cell free system DCFH and DCF were prepared from DCFH-
DA and DCF-DA after incubation with esterase. Photo-irradiation was done with a xenon lamp in a
spectrofluorometer or a mercury lamp in a fluorescence microscope for excitation. Fluorescence of
DCF and photo-irradiated DCFH was observed by a spectrofluorometer, and the fluorescence of the

- DCFH-loaded cells were observed by a fluorescence microscope. The photo-irradiated DCFH was
analyzed by HPLC, equipped with a fluorescence detector.

Results and Discussion:
Spectrofluorometeric observation indicated that photo-irradiation to DCFH converted DCFH fo
fluorescent compound(s). We found two fluorescent products after the photo-reaction by HPLC-
analysis. We identified one as DCF, however we could not identify the other.
The photo-reaction was dependent on DCFH concentration. With lower DCFH concentration, the
production rate of fluorescent compounds was also lower.

Addition of catalase or elimination of oxygen had little effects on the photo-reaction. SOD or

sodium azide enhanced the photo-reaction. These results indicate that neither H2O,, '0, or 0




were involved in the photo-reaction nor were ROS scavengers able to suppress the photo-reaction.
DCFH photo-reaction was pH dependent, e.g. under acidic conditions the photo-reaction was
markedly suppressed, indicating that protonated form of DCFH was more less liable to the photo-

reaction.

Vitamin C, methyl propionyl glycine or methyl cinnamic acid suppressed the photo-reaction almost
completely, affecting little on the fluorescence of DCF. '
Above findings indicate that electron transfer plays important role in the photo-reaction of DCFH.
PMA-stimulation increased fluorescence of DCFH loaded DMSO-HL60. However, the fluorescence
of DCFH loaded unstimulated DMSO-HL60 was also increased during the observation with a
fluorescence microscope. Thus we could not see the difference in fluorescent intensities between
PMA stimulated and PMA unstimulated cells during 5 to 10 sec under the fluorescence microscopic
observation. .

When we added vitamin C and observed cells under acidic conditions, we could suppress the photo-
reaction, i.e. the fluorescence increase. However the suppression was not complete or acceptable.
When we used DMSO-HL60 incubated with low concentration of DCFH, the fluorescence increase
under the fluorescence microscope observation was almost unperceivable. We could also see the
difference in fluorescent intensities between PMA stimulated and PMA unstimulated cells.
Furthermore, we could see the effect of catalase which reduced the fluorescence of the PMA
stimulated DMSO-HL60.

Conclusion: :

DCFH was converted to fluorescent products, DCF and an unknown product by photo-irradiation.
Vitamin C, MPG or MC suppressed the photo-reaction almost completely indicating that these
compounds are useful to determine DCF in the presence of DCFH with a spectrofluorometer. DCFH
in cells also converted to fluorescent products by photo-irradiation. However, when proper
concentration ie. low concentration of DCFH was used, the effects of photo-reaction would be

negligible.
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Methods to overcome photoreaction, a serious drawback to the use of
. dichlorofluorescin in evaluation of reactive oxygen species

GREHE TS PERR SR I B3 3K Dichlorofiuorescin D FREH S EFDFAR)

Dichlo}oﬂuoreﬂ—diacetate (DCFH-DA)IZMBRAE EBFEORITIZEJIVLBNR TV ARETHS,
DCFH-DA iZfl i@ N D2 277 —FitL-T DCFH 1272V, DCFH i3iE MBS, bt BEM bk B E SN %
Dichlorofluorescein (bcp)f\a%ﬂ:ﬂ‘éo DCFHEXEEME TRV, DCRIIEEHE ThD, TDkd,
ERBEDOEEBRETHIL T EEBEROREERPHETHLNTERLINTWA, LL DCFH i1
HBFHZ Lo THEEE N DCF IKABLMESN TS, DCF O®NE R T EE. Tabb
DCFH FET COXRHEIIR T CTHY | DCFHO RIS IS R B #E 5 b Cal 4R Ao
Do AR T DCFH OXRGEEBFL . TORISEED ML, IVEREOE VY DCRH 12 L3R
ROFAEEERELE, |

ABETE, MBTHVIEREMBRER VR ERET 7, MI8% 528 T, Dimethyl
sulfoxide (DMSO) THF F BRAFIZ 43 (L EE 7 HL60(DMSO-HL6E0) 3 FAvy, DCFH % Mk M ERVA ST,
D% . DMSO-HL60 % phorbol myristate acetate (PMA)YTHIBL O, #EAXE B XBEOT LA
HEETHEL, MiE B VWROERF T, DCFH-DA $3 % DCF-DA 2T RFS5—FrIbiof L ¥a
~—iL. DCFH #if®h DV 3 DCF BEERL., HRE L REFOF /050 T CHRBH TR, %
FERE W I H S REOEIIS N E R NEH TEHE L, FEERBICLAERDE BN T 572010,
FERH L7 DCFH B #% HPLC CREHTL 7, SERISZIME 35 B 89T, Vitamin C(VC), mercaptopropionyl
glycine(MPG), methoxycinnamic acid(MC)if TR FEE{LEES 2 B /=,

AW T T O RDBEASD 0Tz,

1. DCFH IZXBHFEICE>TDCF EREAOH ALY EE ERLE,

2. Vitamin C, MPG. MC H(EFERGZIZEREICHH L, ThooWER, SR ERHEHT
DCFH FET.DCF 2R ETAREFTRTHA. —~FREBLBER IS EMmE L o7z,

3. MW DCFH b ERHFICL-> THEEME~EL LI, LOLUIEEE O DCRH 2EHTA2 L1210, 3%
RSO BITERTEIBRE LT,

4. DCFHHRZIEREEHRITOT, DCFH 2A W THIEN ROS OFEF 43 58541, AT 5411
Wille DCFHIREEREL, ITRITHLERLD,

ARG RIL, I IR ER R BT AE BB ERE S E0H Iom LaeaLE 1005,
Fo T FMATPMR LELTHo2HERZFTah0LHELE,
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