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A novel class of nanocarriers in drug delivery is a nanocapsule
(a liposome, micelle, solid particle, or vesosome) that is conju-
gated to a targeting moiety. These targeting molecules are cova-
lently conjugated to the surface of the nanovehicle and include
ligands such as folic acid (FA), fibronectin, fibrinogen, herceptin,
etc.1

In this regard, folated drug delivery carriers are of particular
interest to researchers namely because of the abundance of folate
receptors on the surface of several cell lines/cancerous tissues
and the small size of FA molecule (compared to protein target-
ing moieties). Carriers decorated with FA have been shown to
be receptor-mediated endocytosed by several cell lines including
KB, HeLa, etc.1

Most if not all research involving folated micelles and lipo-
somes utilizes fluorescent chemotherapeutic agents and flow
cytometry to show an increase in cellular accumulation of the
drug encapsulated in the proposed folated carrier. For exam-
ple, several research articles2–4 reported the effect of deliver-
ing Doxorubicin-Dox (an intrinsically fluorescent anti-neoplastic
agent) using targeted micelles or nano-aggregates to folate pos-
itive (FR-positive) cell lines. The studies use flow cytometry to
quantify Dox accumulation inside MCF-7 and KB cells.

Our experiments with Dox encapsulated in FA-targeted
micelles found that flow cytometry underestimates the amount of
drug that accumulates inside cells. This conclusion was reached
after conducting a fluorescence quenching study in which dif-
ferent concentrations of FA (ranging between 0 �g/ml and 1.24
�g/ml) were mixed with Dox (final concentration = 5 �g/ml
in phosphate-buffered saline). Dox fluorescence (excitation

Fig. 1. Average fluorescence (n = 4) of Doxorubicin in solutions with differ-
ent concentrations of folic acid (excitation wavelength= 488 nm).

wavelength = 488 nm, emission wavelength range = 530–
600 nm) was then measured using a fluoremeter. The results
show that folic acid quenches the intrinsic fluorescence of Dox
and that the quenching effect increases as the concentration of
FA increases (Fig. 1).

Future research using folic acid as a targeting moiety should
make the necessary correction when using flow cytometry to
compare the accumulation of Doxorubicin.
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