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The antioxidant properties of dihydroquercetin (DHQ, taxifolin), its aminomethylated derivative (KH-14),
and their inclusion complexes in cyclodextrin were compared. The results indicated that DHQ and KH-14 had
comparable antioxidant activities. The antioxidant activities of DHQ and KH-14 were preserved upon forma-
tion of the inclusion complexes in cyclodextrin. Taxifolin, KH-14, and the water-soluble inclusion complex of
KH-14 in cyclodextrin at a dose of 0.04 mmol/kg exhibited pronounced anti-inflammatory effects on the
model of carrageenan-induced paw edema in mice that were equivalent to that of diclofenac at a dose of

0.02 mmol/kg.
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Dihydroquercetin (taxifolin, DHQ) is a bioflavonoid
with potent antioxidant activity. Also, DHQ and related com-
pounds possess antitumor, angioprotective, neuroprotective,
antiviral, and other properties [1 — 4].

DHQ and its derivatives are hydrophobic compounds so
that alcohol or DMSO must be used to produce aqueous so-
lutions. The lack of water-soluble forms of these compounds
makes it very difficult to use them intravenously for thera-
peutic purposes.

Cyclodextrins are known to be capable of increasing the
solubility and bioavailability of hydrophobic drugs, which is
responsible for their broad use in pharmacology [5, 6].

The formation of inclusion complexes of DHQ and its
derivatives with cyclodextrin significantly improved their
water solubility [7] and enabled intravenous administration
of them. However, this could also affect their antioxidant,
anti-inflammatory, and other types of activity.

Therefore, the goal of the present work was to compare
the antioxidant and anti-inflammatory activities of native
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DHQ, its aminomethylated derivative, and their inclusion
complexes with cyclodextrin.

EXPERIMENTAL CHEMICAL PART

Native DHQ and its aminomethylated derivative KH-14
(Fig. 1), which was synthesized at the Department of Organic
Chemistry, Moscow Pedagogical State University, and wa-
ter-soluble forms of these compounds, i.e., inclusion com-
plexes with 2-hydroxypropyl-B-cyclodextrin (henceforth
cyclodextrin or CD) [7, 8], were studied.

NMR spectra were recorded on a INM-ECX400 spec-
trometer (100.5 MHz, Japan). Chemical shifts were given vs.
TMS (internal standard). Elemental analyses used a
Perkin-Elmer 2400 analyzer (USA).

Preparation of aminomethylated DHQ derivative
KH-14. A mixture of formaldehyde (as paraformaldehyde,
0.3 g, 0.01 mol), racemic diisobutylamine (1.29 g, 0.01 mol),
and EtOH (96%, 50 mL) was stirred at 60°C until fully ho-
mogeneous (~1.5 h); cooled to 20°C; treated with a solution
of DHQ (3.5 g, 0.01 mol) in EtOH (10 mL); and stirred at
40°C for 1.5 h. The resulting precipitate was filtered off un-
der vacuum; rinsed with EtOH, Et,O, and hexane; and dried
in vacuo. Yield 2.49 g (56%), mp 205 — 206°C (dec.). Found,
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Fig. 1. Structural formula of KH-14 {6-[(di-sec-butylamino)-
methyl]-2-(3,4-dihydroxyphenyl)-3,7-dihdyroxy-2,3-dihydro-4 H-
chromen-4-one}.

%: C 64.69; H 7.11; N 3.13. C,,H,,NO.. Calc., %: C 64.70;
H 7.01; N 3.15. 3C NMR spectrum (DMSO-d,, 5, ppm):
83.89 (C?), 72.22 (C3), 196.98 (C*), 163.86 (C°), 101.13
(C%), 165.36 (C7), 94.87 (C%), 162.28 (C%), 101.55 (C'9),
129.21 (C"), 120.07 (C?), 147.12 (C*), 145.84 (C*), 119.89
(C%), 43.29 (C'), 54.23 (CP*1%), 28.42 (C*1"), 9.18
(C15—15”)’ 19.76 (C16—16”).

DHQ and its derivative KH-14 were encapsulated within
the shell of a cyclic glucose oligomer, i.e., CD, according to
the published method to form hydrophilic forms [7]. The
products were water-soluble inclusion complexes with CD
that were used for further studies.

EXPERIMENTAL PHARMACOLOGICAL PART

The ABTS test was used to evaluate the antioxidant ac-
tivities of the studied compounds [9]. The ABTS test
(decolorization method) is based on measuring the optical
density of a solution of previously generated stable ABTS*"
cation-radicals at 734 nm (absorption maximum of ABTS*").

The antioxidant activity (AOA), which was numerically
equal to the inverse antioxidant concentration at which the
optical density of the ABTS™ solution decreased by 50%,
was calculated from the results of the ABTS test. The control
was a solution (3%) of DMSO, in which the studied com-
pounds, which were primarily lipophilic compounds, were
dissolved.

The anti-inflammatory activity (AIA) of the compounds
was studied using a carrageenan-induced mouse-paw edema
model [10]. The studied compounds were injected i.p. Exper-
imental groups consisted of 6 — 8 outbred male white mice
(40 — 42 g) that were kept under standard vivarium condi-
tions and received a standard feed diet. DHQ, DHQ-CD,
KH-14, and KH-14-CD were injected at equimolar doses of
DHQ and KH-14 (0.16, 0.04, 0.02 mmol/kg). Diclofenac
was injected at a dose of 0.02 mmol/kg, which corresponded
to a daily dose of 75 mg for humans according to a dose con-
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Fig. 2. Effect of studied compounds on optical density of ABTS"
cation-radical solution. AD, amplitude decrease vs. the control (%).

version method [11, 12]. Control mice received normal sa-
line.
Statistical analysis used the Mann—Whitney criterion.

Differences were considered statistically significant for sig-
nificance level p < 0.05.

RESULTS AND DISCUSSION

Concentration curves were plotted and AOA was calcu-
lated using the results of the ABTS test for DHQ, KH-14,
DHQ-CD, and KH-14-CD (Fig. 2).

In general, the effects of the studied compounds on the
optical densities of ABTS®" solutions did not differ statisti-
cally significantly. An analysis of the results showed that the
AOA of DHQ, KH-14, DHQ-CD, and KH-14-CD were of
the same order of magnitude in the range from 0.074 to
0.100 uM !, Thus, modification of the native form of DHQ
and its aminomethylated derivative KH-14 into water-solu-
ble forms by encapsulation in CD did not reduce their AOA.

The AOA of the DHQ derivatives could have been medi-
ated by their anti-inflammatory properties.

TABLE 1. Correlation Coefficients Between Anti-inflammatory
and Antioxidant Activities of Studied Compounds

AIA AOA ABTS
AIA 1 -0.94
AOA ABTS —-0.94 1

Note: AIA, anti-inflammatory activity; AOA ABTS, antioxidant ac-
tivity calculated using the ABTS test.
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Fig. 3. Box and whisker diagram for visual evaluation of the effects
of the studied compounds on carrageenan-induced mouse paw
edema. Concentration of DHQ derivatives, 0.16 mmol/kg. statisti-
cally significant differences from the control (p < 0.05).

The AIA of DHQ, KH-14, DHQ-CD, and KH-14-CD
was studied using a mouse-paw carrageenan-induced edema
model.

Figure 3 shows the experimental results from the studies
of the AIA.

According to the results, all studied compounds pos-
sessed AIA in the used model. DHQ-CD had the lowest AIA.
Injection of it lowered the size of the carrageenan-induced
edema by 21%. KH-14-CD decreased the size of the edema
by 46%; KH-14, 43%; and DHQ, 52%. Thus, DHQ, KH-14,
and KH-14-CD at a dose of 0.16 mmol/kg possessed AIA
that was comparable to that of diclofenac at a therapeutic
dose.

According to the results, the potent AIA of DHQ,
KH-14, and KH-14-CD was comparable to that of diclofenac
at a therapeutic dose and was preserved upon decreasing the
dose to 0.04 mmol/kg (12.5 mg/kg recalculated for DHQ).

A correlation analysis of the relationship between the
AIA and AOA of the studied compounds was performed (Ta-
ble 1).

V. S. Rogovskii et al.

The correlation analysis did not reveal a statistically sig-
nificant correlation between the AIA and AOA. This result
could be indicative of additional (besides antioxidant) mech-
anisms for manifestation of AIA and other pharmacological

effects of plant flavonoid quercetin derivatives [13, 14].
Thus, the AOA and AIA of inclusion complexes of DHQ

and its aminomethylated derivative (KH-14) with a cyclo-
dextrin shell that increased their water-solubility [7] were
preserved. This allowed them to be recommended for further
studies to design injectable drug forms.
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