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ARTICLE INFO ABSTRACT

Keywords: Dapsone, a sulfonamide compound commonly used in the treatment of leprosy and herpes, is metabolized

Dapsone . by cytochrome P450 to dapsone hydroxylamine, which in turn causes methemoglobinemia and hemolysis.

l]:D.rug_—drug Interactions Consequently, the interaction of dapsone with other pharmaceutical agents has been the subject of investigation
isetin . for researchers. In the present study, we conducted a screening of 48 traditional Chinese medicines that may

Inhibition mechanism . s . . . . S .

Shikonin have the potential to exert inhibitory effects in conjunction with dapsone. We focused on the in vitro and in vivo

drug-drug interactions of dapsone with shikonin or fisetin. In rat liver microsomes (RLM), the half-maximum
inhibitory concentration (IC,)) values for shikonin and fisetin were 12.21 pM and 4.97 pM, respectively, and
the types of inhibition of dapsone metabolism were non-competitive in both. In human liver microsomes
(HLM), the IC,, values of shikonin and fisetin were 31.39 uM with non-competitive inhibition and 15.00 uM
with mixed-type inhibition, respectively. In the Sprague-Dawley (SD) rat pharmacokinetic assay, the plasma
exposure of dapsone significantly increased after the co-administration of shikonin or fisetin. When shikonin
and dapsone were co-administered, the AUC,,  and AUC, , of dapsone exhibited an increase of 0.37 and 0.36
times, respectively, while the CL_, exhibited a significant 0.27-fold reduction. Moreover, in combination with
fisetin, the AUC_,, and AUC, exhibited an increase of 0.30-fold and 0.33-fold, respectively, with a near
doubling of the C and a notable decrease in the CL by 0.23-fold. The metabolite dapsone hydroxylamine
showed no statistically significant differences. It could be concluded that shikonin and fisetin inhibited dapsone
metabolism in vitro and in vivo. Therefore, when used in clinical association, it is important to monitor the
plasma concentration of dapsone and dapsone hydroxylamine and make appropriate adjustments to the dosage

of dapsone to minimize the risk of adverse reactions and achieve personalized treatment.

1. Introduction

Dapsone (4,4'-diaminodiphenylsulfone) is a synthetic derivative
of sulfone [1], which has been widely used in recent decades for the
treatment of leprosy and other immune disorders [2]. It inhibits the
migration of neutrophils from circulation to the site of the lesion,
thereby serving as the drug of choice for suppression of the symptoms of
herpetic dermatitis [3]. Dapsone hydroxylamine is an active metabolite
of dapsone, formed primarily through metabolism by CYP3A4 and
CYP2E1 [4,5]. It is the primary molecule behind the various adverse
reactions associated with dapsone, including dapsone hypersensitivity
syndrome (DHS) and hemolysis [6,7]. Consequently, it is important
to monitor the concentration of dapsone hydroxylamine after clinical
administration of dapsone.

In recent decades, there has been prominent research on the potential
of traditional Chinese medicines in the prevention and treatment of
inflammatory diseases and cancer. A number of active ingredients
present in traditional Chinese medicines have been demonstrated to
possess anti-inflammatory, pro-inflammatory, and anti-neoplastic
properties [8]. Shikonin, a naphthoquinone compound extracted from
comfrey, has been the subject of extensive study due to its diverse
range of biological activities, including anticancer, wound healing,

and anti-inflammatory effects [9,10]. In recent years, the capacity of
shikonin to facilitate skin healing has been demonstrated in a number
of dermatological conditions, including melanoma, hyperplastic scars,
and psoriasis [11]. Fisetin, a naturally occurring flavonoid and an
active ingredient of Cotinus coggygria, has been demonstrated to possess
anticancer and anti-inflammatory properties [12,13]. It has been
demonstrated that fisetin can induce autophagosome-lysosome fusion,
thereby promoting autophagy and differentiation [14]. Consequently,
fisetin has the potential to alleviate psoriasis-like dermatitis and reduce
excessive keratosis. Both shikonin and fisetin have been demonstrated
to exert inhibitory effects on the CYP3A4 enzyme, and have been shown
to possess therapeutic properties for dermatological conditions [15,16].
Therefore, it is possible to combine dapsone with these agents, making
this study of practical significance.

In this study, the most probable drug-drug interactions between
dapsone and 48 distinct traditional Chinese medicines were identified
to determine whether they might exert inhibitory effects in vitro.
Furthermore, the effects of shikonin and fisetin on dapsone metabolism
were validated in Sprague-Dawley (SD) rats, and the underlying
inhibitory mechanisms were investigated in vitro. In instances where
dapsone is indicated in conjunction with other pharmaceutical agents,
it is imperative to meticulously monitor the plasma concentrations
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of dapsone and dapsone hydroxylamine to reduce the likelihood of
unfavorable responses occurring during clinical administration.

2. Materials and Methods

2.1. Chemicals and reagents

Dapsone (Figure 1a), dapsone hydroxylamine (Figure 1b), fisetin
(Figure 1c), shikonin (Figure 1d), fluconazole (used as internal
standard, IS), and 46 other traditional Chinese medicines were bought
from Shanghai Canspec Scientific Instruments Co., Ltd. (Shanghai,
China). The human liver microsomes (HLM) was procured from iPhase
Pharmaceutical Services Co., Ltd. (Jiangsu, China). The reagents were
procured from the following sources: nicotinamide adenine dinucleotide
phosphate (NADPH) from Shanghai Aladdin Biochemical Technology
Co., Ltd. (Shanghai, China), methanol and acetonitrile in LC grade from
Merck (Darmstadt, Germany) and formic acid from Anaqua Chemicals
Supply (ACS, USA). The preparation of ultrapure water was conducted
utilizing a Milli-Q water purification system, provided by Millipore
(Bedford, MA, USA). The remaining chemicals and reagents were also
of LC grade.

2.2. Detection conditions

Chromatographic separation was conducted using an Acquity ultra-
performance liquid chromatography (UPLC) system (Waters Corp.,
Milford, MA, USA) with an Acquity BEH C18 column (2.1 mm x 50
mm, 1.7 um) at 40°C. The mobile phase comprised of 0.1% formic acid
(solution A) and acetonitrile (solution B) at a flow rate of 0.4 mL/min.
The injection volume and time for each sample were 2.0 uL and 2.0
mins, respectively. The analytes were eluted in a gradient. The elution
process was divided into five distinct stages, as outlined below: 0-0.5
min (solution A, 90%), 0.5-1.0 min (solution A, 90%-10%), 1.0-1.4
min (solution A, 10%), 1.4-1.5 min (solution A, 10%-90%), 1.5-2.0
min (solution A, 90%).

Quantification was conducted using a Waters Xevo TQ-S triple
quadrupole tandem mass spectrometer. The ion leaps of dapsone,
dapsone hydroxylamine, and IS were detected in positive mode using
multiple reaction monitoring (MRM). The data pertaining to particular
ion pairs and associated with collision energies has been presented in
Table 1.

2.3. Rat liver microsomes (RLM) preparation

Six untreated rat livers were rinsed three times with cold phosphate-
buffered saline (PBS) and weighed. The tissue was finely chopped and
combined with 0.25 mM sucrose-PBS in a 2.5:1 ratio. The resulting

(a) NH. (b) o

0=S=0 0=s=0

NHs NH2

Dapsone Dapsone hydroxylamine

(c) h d ov o
T
=
CHs
OH o OH
Fisetin Shikonin

Figure 1. Chemical structural formulas: (a) dapsone, (b) dapsone hydroxylamine,
(c) fisetin, and (d) shikonin.
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Table 1. Mass spectrum parameters of dapsone, dapsone hydroxylamine and
fluconazole.

Compound name Parent (m/z) Daughter (m/z) Cone (V) Collision (eV)

Dapsone 248.96 107.91 30 15
Dapsone hydroxylamine 264.93 107.91 30 18
Fluconazole 307.14 220.12 6 16

mixture was subsequently homogenized. The resulting homogenate
was then ultracentrifuged at 11,000 rpm for 15 mins at 4°C. The
resulting precipitate was discarded, and the supernatant was subjected
to the same process twice. The resulting supernatant was subjected to
ultracentrifugation (75,600 x g, 2 hrs, 4°C). The precipitate obtained was
then diluted with 2 to 3 times cold PBS. This diluted solution was then
poured back into the same centrifuge tube to facilitate homogenization
and stored in portions at -80°C [17]. The protein concentrations were
determined utilizing the Bradford Protein Assay Kit (Thermo Scientific).

2.4. Determination of the Michaelis-Menten constant (K, ) for dapsone

The incubation system, with a volume of 190 uL, contained
PBS, RLM, or HLM (final concentration: 0.3 mg/mL) and a series of
concentration gradients of dapsone (in RLM: 0.1, 1, 2, 5, 10, 20, 50,
100, 200 uM, and in HLM: 15, 75, 150, 300, 450, 600, 750 uM). The
incubation system was incubated in a 37°C water bath for a 5-min pre-
incubation period. Subsequently, 10 pL of NADPH was added to the
incubation system, and the mixture was incubated for 40 mins. Lastly,
the samples were stored at —80°C. Once the enzymatic reaction had
been completed, 400 pL of acetonitrile and 20 L of IS working solution
were added to the frozen samples. The samples were then vortexed
for 2 mins and subjected to centrifugation (13,000 rpm, 10 mins, 4°C)
following thawing. A total of 100 pL of the supernatant was subjected
to quantitative analysis of the analytes by UPLC-MS/MS to determine
the K .

2.5. Screening of traditional Chinese medicines for potential interactions
with dapsone in RLM

The incubation system, with a volume of 190 pL, contained PBS,
RLM (final concentration: 0.3 mg/mL), dapsone (K : 32.39 uM), and
48 traditional Chinese medicines (100 pM). The samples were pre-
incubated at 37°C for 5 mins prior to the addition of NADPH (1.0 mM).
Subsequently, the solution was incubated for 40 mins. Thereafter, the
samples were placed in cryogenic storage at —-80°C. Then, the samples
were processed using the aforementioned steps to ascertain the extent of
dapsone metabolism inhibition by the 48 traditional Chinese medicines.
Traditional Chinese medicines with relative activity less than 20% were
used for screening, and there were 16 such drugs.

A total of 8 out of the 16 selected traditional Chinese medicines
were included in the subsequent study. To gain further insight into the
inhibitory potencies of these 8 traditional Chinese medicines, the half-
maximum inhibitory concentration (IC, ) was obtained for comparison.
A smaller IC_ value indicates greater inhibition of dapsone metabolism.
In RLM, the incubation system had a total volume of 190 pL, consisting
of PBS, RLM (final concentration: 0.3 mg/mL), dapsone (K : 32.39 uM),
and a series of concentration gradients of inhibitors (0.01, 0.1, 1, 10, 25,
50, 100 uM). The samples were incubated for 5 mins, followed by the
addition of 10 uL of NADPH and an additional 40 mins of incubation.
Thereafter, the samples were placed in cryogenic storage at —-80°C. The
subsequent steps of sample treatment were conducted as previously
described to obtain the IC | value of each drug. While in HLM, the IC,;
values of shikonin and fisetin were determined in a 190 pL incubation
system containing PBS, HLM (final concentration: 0.3 mg/mL), dapsone
(K,: 151.00 puM), and shikonin (0.1, 1, 10, 25, 50, 100, 500 pM), or
fisetin (0.01, 0.1, 1, 10, 25, 50, 100 puM).

2.6. Inhibitory mechanism of shikonin and fisetin on dapsone in vitro

To further investigate the mechanism of inhibition of dapsone by
shikonin and fisetin in vitro, the 190 pL incubation system contained
PBS, RLM, or HLM (final concentration: 0.3 mg/mL), dapsone, and
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shikonin or fisetin. The pre-incubation mixture was subjected to an
initial incubation period of 5 mins, after which 1.0 mM NADPH was
added. The mixture was then incubated for 40 mins, followed by a
transfer to a temperature of —-80°C. Subsequent samples underwent
a post-treatment procedure that mirrored the method outlined in
Section 2.4. The concentrations of dapsone, shikonin, and fisetin were
established in accordance with the K and IC, values. In RLM, the
concentration ranges of dapsone, shikonin, and fisetin were 8.10 to
64.78 UM, 0 to 24.42 pM, and 0 to 4.97 uM, respectively. In HLM, the
ranges of concentration for dapsone, shikonin, and fisetin were 37.75
to 302.00 puM, O to 62.78 pM, and O to 30.00 uM, respectively. The
treatment steps were identical to those previously described.

2.7. Animal experiment

Fifteen male SD rats (200-220 g) utilized in the experiment were
sourced from the Animal Experimental Centre of the First Affiliated
Hospital of Wenzhou Medical University (Zhejiang, China). The entire
experiment was supervised and approved by the Institutional Animal
Care and Use Committee of the First Affiliated Hospital of Wenzhou
Medical University (Approval No. WYYY-IACUC-AEC-2023-031). Prior
to the pharmacokinetic experiment, the 15 rats were randomly assigned
to three groups, with five rats in each group. Group A was designated as
the control, and Groups B and C represented the experimental groups.
A fasting period of 12 hrs was initiated in the rats prior to commencing
the experimental procedure, during which water was permitted freely.
Dapsone was dissolved in corn oil to create a solution, but both shikonin
and fisetin were dissolved in 0.5% sodium carboxyl methyl cellulose
(CMC-Na) solution. The drug was administered orally via gavage to the
rats. The doses of dapsone, shikonin, and fisetin were determined based
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on previous literature [18-20]. At the outset of the experiment, 20 mg/
kg of shikonin and 30 mg/kg of fisetin were administered to Group B
and C, respectively. Following a 30-min interval, 10 mg/kg of dapsone
was administered to all three groups. Blood samples were obtained
from the rat tail veins at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 12, 24 and
36 hrs. The samples were then subjected to centrifugation at 13,000
rpm for 10 mins, following which 100 pL aliquots of the supernatant
were obtained. Acetonitrile and the IS working solution were added to
the plasma in a ratio of 3:1, followed by vortexing and centrifugation
at 13,000 rpm for 10 mins. Subsequently, 100 pL of the supernatants
were employed for the quantitative analysis of dapsone and dapsone
hydroxylamine by UPLC-MS/MS.

2.8. Data analysis

The graphs and in vitro kinetic parameters generated in this study
were plotted and calculated using GraphPad Prism (version 8.3.0). The
pharmacokinetic parameters were output by Drug and Statistics (DAS)
software (version 2.0). Statistical analysis comparing pharmacokinetic
parameters across three groups was performed using SPSS software
(version 25.0) through One-way Analysis of Variance (ANOVA) test,
and significance was defined as a P-value below 0.05.

3. Results and Discussion

3.1. Optimization of UPLC-MS/MS

As illustrated in Figure 2, the dependable and effective UPLC-
MS/MS analytical approach was employed to eliminate the impact
of interference peaks and successfully separate dapsone, dapsone
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Figure 2. Representative chromatograms: (a) Blank plasma free of IS and analytes; (b) The presence of IS
and analytes in blank plasma; (c) sample containing IS and analytes after oral administration of 10 mg/kg

dapsone from SD rats. SD: Sprague-Dawley.
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hydroxylamine, and IS, which exhibited peak times of 1.22, 1.20, and
1.19 min, respectively. Furthermore, the chromatographic conditions
were also optimized during the experiment. The separation was
conducted on an Acquity BEH C18 column (2.1 mm x 50 mm, 1.7 pm).
The results demonstrated that the optimal peak types and responses of
the analytes could be achieved when the mobile phase was comprised of
a solution of 0.1% formic acid and acetonitrile. By optimizing the mass
spectrometry analysis conditions, it was demonstrated that the analytes
exhibited high responsiveness and stability in the positive ion mode.
The mass spectrometry results of dapsone, dapsone hydroxylamine, and
IS demonstrated that the parent ions were most prevalent at m/z values
of 248.96, 264.93, and 307.14, respectively.

3.2. Determination of K and screening of traditional Chinese medicines

Michaelis-Menten plots were constructed based on the relationship
between reaction rate and dapsone concentration, as illustrated
in Figure 3. The K_ of dapsone was determined to be 32.39 pyM
and 151.00 pM in RLM and HLM, respectively. The influence of 48
distinct traditional Chinese medicines on dapsone metabolic rate is
demonstrated in Figure 4(a). Of these, 16 traditional Chinese medicines
demonstrated the metabolic inhibition of dapsone exceeding 80%,
resulting in a metabolic rate of dapsone that was less than 20%
(Figure 4b). Subsequent IC, experiments were conducted on 8 of the
aforementioned drugs: resveratrol, isorhamnetin, genistein, curcumin,
luteolin, kaempferol, shikonin, and fisetin. The IC,; values for these
drugs in RLM were as follows: 13.79 uM, 14.73 uM, 34.29 uM, 10.93
uM, 7.16 puM, 4.61 pM, 12.21 uM, and 4.97 pM, respectively (Figure
5(a-f) and Figure 6a and b).

(a) RLM HLM

®»

=

H]

g Ky =32.39 uM K= 151.00 pM
T T T T 1 T T T 1
50 100 150 200 250 200 400 600 800

Dapsone (uM) Dapsone (uM)

Figure 3. Michaelis-Menten plots of dapsone in (a) RLM and (b) HLM. HLM: Human
liver microsomes, RLM: Rat liver microsomes.
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Figure 4. (a) Metabolism rate of dapsone in RLM by 48 traditional Chinese medicines
(100 uM); (b) 16 traditional Chinese medicines with metabolism rate less than 20%.
RLM: Rat liver microsomes.
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Figure 5. IC50 curves of 6 traditional Chinese medicines. (a) Resveratrol, (b)

isorhamnetin, (c) genistein, (d) curcumin, (e) luteolin, (f) kaempferol on the metabolic
inhibition of dapsone in RLM. HLM: Human liver microsomes, RLM: Rat liver
microsomes.
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Figure 6. IC50 curves of dapsone metabolism in (a and b) RLM and (¢ and d) HLM
by shikonin and fisetin. HLM: Human liver microsomes, RLM: Rat liver microsomes.

3.3. Inhibitory effects of shikonin and fisetin on dapsone in vitro

To gain further insight into the inhibitory potency of shikonin
and fisetin, IC,, experiments were conducted in HLM. The results
demonstrated that the IC,, values of shikonin and fisetin in HLM were
31.39 uM and 15.00 puM, respectively (Figure 6¢ and d). With a 2- to
3-fold difference from the IC, values obtained in RLM, it was clear
that shikonin and fisetin had stronger metabolic inhibition of dapsone
in RLM. In RLM and HLM, the mechanisms of inhibition on dapsone
metabolism by both shikonin and fisetin were further investigated
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Figure 7. In (a) RLM and (b) HLM, Lineweaver-Burk plots, Ki secondary plots and
aKi secondary plots of inhibition of dapsone metabolism by different concentrations of
shikonin. HLM: Human liver microsomes, RLM: Rat liver microsomes.

using double reciprocal diagrams of reaction rate versus dapsone
concentration. K, the inhibition constant, was employed to quantify
the inhibitory effect on a substrate, with a lower value denoting
more potent inhibition. These plots, which are commonly referred to
as Lineweaver-Burk plots, were complemented by the addition of K,
secondary plots and aK; secondary plots. In the Figures 7 and 8 the
Lineweaver-Burk plots demonstrated that in RLM, all linear clusters
intersected the negative half of the X-axis (Figure 7a and Figure 8a),
and both shikonin and fisetin appeared to inhibit dapsone metabolism
in a non-competitive manner. In HLM, when shikonin was the inhibitor,
the linear cluster intersected the negative half-axis of the X-axis
(Figure 7b), and when fisetin was the inhibitor, the linear cluster
intersected in the second quadrant (Figure 8b), indicating that shikonin
and fisetin inhibited dapsone metabolism in non-competitive and mixed
manners, respectively. The IC,, values, type of inhibition, oK, and a
values for dapsone inhibition by shikonin and fisetin in RLM and HLM
have presented in Tables 2 and 3, respectively. Consequently, both
shikonin and fisetin had been observed to inhibit the metabolism of
dapsone in liver microsomes in vitro.

3.4. Pharmacokinetics experiment in SD rats

The inhibitory effects of shikonin and fisetin on dapsone were
verified in SD rats, and the plasma concentration-time curves of dapsone
and dapsone hydroxylamine have been presented in Figure 9. The
results indicated a significant increase in plasma exposure to dapsone
in the cohort that received a combination of shikonin and dapsone, in
comparison to the control group (administered with dapsone alone).
This elevation was observed to be 0.37-fold for AUC, and 0.36-fold
for AUC, ... Regarding CL, , a significant decrease from 0.44 + 0.06
L/h/kg to 0.32 + 0.04 L/h/kg (p < 0.05) was observed. In comparison
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Table 2. IC_; values and inhibition of dapsone metabolism by shikonin in RLM
and HLM.

IC,, Value (uM) Inhibition type

K, (uM) oK, (uM) a

Non-competitive inhibition =~ 6.912 7.784 1.126
Non-competitive inhibition 22.750 22.820 1.003

RLM 12.21
HLM 31.39

HLM: Human liver microsomes, RLM: Rat liver microsomes.

Table 3. IC,, values and inhibition of dapsone metabolism by fisetin in RLM
and HLM.

IC,, Value (uM)

Inhibition type K (uM) oK, (uM) a

RLM 4.97
HLM 15.00

Non-competitive inhibition 6.858 7.957 1.160
Mixed inhibition 13.190 32.810 2.487

HLM: Human liver microsomes, RLM: Rat liver microsomes.
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Figure 9. (a) Plasma concentration-time curves of dapsone and (b) dapsone
hydroxylamine after administration alone and in combination. (mean = SD, n = 5).

to the control group, plasma exposure to dapsone was also observed
to increase following combined administration of fisetin. The AUC
and AUC, , exhibited a 0.30- and 0.33-fold increase, respectively,
while the C__ demonstrated a one-fold increase. In contrast, CL, , was
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Table 4. Pharmacokinetic parameters of dapsone in the single administration
group and the combined administration group.

Parameters Dapsone Dapsone + shikonin ~ Dapsone + fisetin
AUC, (ng/mL*h) 22454.27 +3142.08 30722.37 + 4102.65** 29297.81 + 3814.98*
AUC, ., (ng/mL*h) 23013.71 + 3015.26 31250.69 + 3999.72* 30493.55 + 5178.92*
t,,(h) 6.72+1.23 5.91+1.16 7.36 +2.17

T, .. () 1.30 £ 0.65 1.15+0.34 0.85+0.14
CL, . (L/h/kg) 0.44 + 0.06 0.32 £ 0.04** 0.34 + 0.06*

C, .. (ng/mL) 2012.60 + 523.88  3062.29 + 636.16 3998.43 + 1049.56**

* P <0.05, ** P <0.01, compared with dapsone group alone. AUC: Area under the
plasma concentration-time curve; t, ,: Elimination half-life; T : Peak time; CL,

1/2°
Plasma clearance; C e Maximum plasma concentration. (mean + SD, n = 5).

‘m:

Table 5. Pharmacokinetic parameters of dapsone hydroxylamine in the single
administration group and the combined administration group.

Parameters Dapsone Dapsone + shikonin  Dapsone + fisetin
AUC,, (ng/mL*h)  3318.93 + 440.88 4145.44 +1024.03 3679.94 + 612.67
AUC,, ., (ng/mL*h)  3463.84 + 440.32 4315.85 + 1049.65 3908.19 + 606.05
t,, (h) 7.97 £ 0.63 7.85+1.22 9.19+2.15

T, .. () 0.75 +0.18 0.80 +0.11 0.75 + 0.00
CL, . (L/h/kg) 2.93+0.38 2.46 +0.76 2.61 +0.45
C,..x (ng/mL) 324.57 +90.86 500.31 + 159.33 538.76 + 184.31

AUC: Area under the plasma concentration-time curve; t, ,: Elimination half-life;
T,.. Peak time; CL, @ Plasma clearance; C  : Maximum plasma concentration.

(mean + SD, n = 5).

‘m:

significantly reduced by 0.23 times (from 0.44 + 0.06 L/h/kg to 0.34
+ 0.06 L/h/kg). Following the combined administration of shikonin or
fisetin, there were no statistically significant changes in the parameters
of dapsone hydroxylamine. Nevertheless, its AUC,  and AUC_,
exhibited a tendency to increase. The individual pharmacokinetic data
for dapsone and dapsone hydroxylamine have been presented in Tables
4 and 5, respectively. In summary, shikonin and fisetin had been shown
to inhibit dapsone metabolism in vivo.

3.5 Discussion

Dapsone has been granted approval by the United States Food and
Drug Administration (FDA) for the treatment of leprosy and dermatitis
herpetiformis. Additionally, it has been demonstrated to be an effective
preventative measure against pneumocystis pneumonia in patients
with HIV disease [21,22]. Due to its antioxidant, anti-inflammatory
and anti-apoptotic properties, it is a widely used treatment for various
inflammatory and infectious skin diseases [23]. However, treatment
with dapsone frequently results in blood toxicity and other adverse
effects [24]. Dapsone and its N-hydroxylated metabolite (dapsone
hydroxylamine) have demonstrated the capabilities to obstruct
bile flow and induce liver necrosis, which can subsequently lead to
hemolysis and ultimately hepatitis [25]. Accordingly, when dapsone
is administered concurrently with P450 inhibitors or inducers, it is
imperative to closely monitor plasma concentrations of dapsone and
dapsone hydroxylamine to mitigate the risk of adverse effects.

In vitro studies, we screened out the drugs that were more likely to
interact with dapsone from 48 traditional Chinese medicines. A total of
48 traditional Chinese medicines were screened, and 16 were found to
have an inhibition rate greater than 80% for dapsone. Two traditional
Chinese medicines were selected, which showed potential inhibition
of dapsone metabolism. In RLM, the IC,, values of shikonin and fisetin
were 12.21 pM and 4.97 uM, respectively. The inhibition types were
identified as non-competitive, indicating that the two drugs inhibited
dapsone metabolism in a similar manner in RLM. Nevertheless, fisetin
exhibited a more pronounced inhibitory effect (with an IC_; value lower
than that of shikonin). In HLM, the IC, values of shikonin and fisetin
were 31.39 uM and 15.00 uM, respectively, and the inhibition types
were non-competitive inhibition and mixed inhibition, respectively.
The findings suggested that the two drugs exhibited disparate inhibition
mechanisms with respect to dapsone in HLM. Similarly, fisetin
exhibited a more pronounced inhibitory effect, with an IC,, value that
was approximately half that of shikonin.
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The effects of shikonin and fisetin on the metabolism of dapsone
were evaluated using in vivo studies. The results demonstrated that
the plasma exposure and bioavailability of dapsone were enhanced
following combination with shikonin or fisetin. Following the oral
administration of 10 mg/kg dapsone to SD rats, the t, , and T  _ of
dapsone were observed to be 6.72 + 1.23 hrs and 1.30 + 0.65 hrs,
respectively. These values were close to those presented in reference (t, ,:
6.76 £+ 1.95 h, T_ :1.67 + 1.01 h) [18]. Following the administration
of shikonin, the AUC,, and AUC, , for dapsone exhibited a 0.37
and 0.36 times increase, respectively, while the CL . exhibited a
significant 0.27-fold reduction when compared against the control
group. Following the combination of fisetin, the AUC,, and AUC, ,
of dapsone exhibited a 0.30 and 0.33-fold increase, respectively, and
the C__was also increased significantly from 2012.60 + 523.88 ng/mL
to 3998.43 + 1049.56 ng/mL. The CL,, was found to be significantly
reduced by 0.23 times. There were no statistically significant changes in
the parameters of dapsone hydroxylamine. However, both the AUC
and AUC, , of dapsone hydroxylamine exhibited an increasing trend.
Therefore, when dapsone was combined with shikonin or fisetin, there
was a potential increase in toxicity. The results indicated that fisetin
enhanced the plasma concentration of dapsone to a greater extent,
thereby demonstrating that fisetin inhibited the metabolism of dapsone
to a more pronounced degree. This finding was consistent with in vitro
studies.

The potential mechanisms through which shikonin and fisetin
enhanced dapsone plasma exposure are possibly associated with their
inhibitory effects on P450 enzymes and/or drug transporter proteins.
First, dapsone is primarily metabolized by hepatic CYP3A4 and 2E1
enzymes [4,5], and shikonin and fisetin have the potential to inhibit
CYP3A4 enzymes [15,16]. The combined effect of these compounds
on P450 enzyme activity results in a reduction of dapsone metabolism
rate, leading to an increase in the plasma concentration of dapsone,
i.e., an increase in exposure. Secondly, P-glycoprotein, an important
drug transporter protein [26], may affect the exocytosis of dapsone by
affecting the activity of P-glycoprotein, thus increasing its concentration
in plasma.

A study reported that when ambrisentan was co-administered
with shikonin, there was a notable increase in the C_ and AUC_,
of ambrisentan, where shikonin demonstrated a significant inhibitory
effect on the metabolism of ambrisentan [20]. The co-administration of
(-)-epigallocatechin gallate (EGCG) with fisetin resulted in an increase
in the plasma exposure of EGCG and a prolongation of its t, , [27].
These findings collectively illustrated the in vivo inhibitory potential of
shikonin and fisetin, which aligned with these observations.

In summary, the findings of our study indicated that both shikonin
and fisetin exerted inhibitory effects on the metabolism of dapsone.
However, fisetin exhibited a more pronounced inhibitory effect
on dapsone metabolism and a more substantial impact on plasma
exposure of dapsone. It is therefore important to monitor the plasma
concentrations of dapsone and dapsone hydroxylamine when dapsone
is combined with shikonin or fisetin in clinical practice, and to
adjust the administered dose in a timely manner to reduce the risk of
hematological toxicity.

4. Conclusions

This study successfully screened 16 traditional Chinese medicines
with greater than 80% inhibition of dapsone metabolism. Furthermore,
the in vivo and in vitro interactions of shikonin and fisetin with dapsone
were thoroughly investigated. It was confirmed that shikonin and
fisetin could inhibit the metabolism of dapsone in vivo and in vitro, with
fisetin exhibiting a more pronounced inhibitory effect. Furthermore,
this study aimed to provide data for the clinical combination of dapsone
with shikonin or fisetin, with the administration dose being adjusted as
appropriate to achieve the optimal therapeutic outcome.
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