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Abstract

Honokiol, as a pharmacologic active small-molecule, received significant
attention for its strong pharmacological effects without remarkable toxicity. However,
the metabolites of honokiol in small intestine, one of the most important extrahepatic
site of drug biotransformation are unknown. In this article, a method of "C stable
isotope labeling followed by ultra-high performance liquid
chromatography/quadrupole time-of-flighttandem mass spectrometry
(UHPLC/Q-TOF-MS) was applied to identify the metabolites of honokiol in rat small
intestine. According to the unique isotopic patterns that two peaks with similar
intensities ratio nearly 1:1 and molecular weight difference of 6 Da between honokiol
and "C-labeled honokiol, a total of 20 metabolites were observed and tentatively
characterized in small intestine, eight of which were reported firstly. All of them were
phase II metabolites and divided into sulfate, amino acids conjugated and glucuronide
metabolites. This study combined with previously paper reported about honokiol
metabolites in rat feces, plasma and urine will benefit for further studying the

metabolism and action mechanism of honokiol in vivo.
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1. Introduction

Honokiol (as shown in Fig.1) is a biphenolic constituent isolated and purified
from the stem bark and root of Magnolia officinalis which has been used to treat
various diseases in Asian for thousands of years, especially in China, Japan, and

1

Korea !l It has been shown to possess wide pharmacological action and clinical

application, including anti-anxiety, anti inflammatory, anti-alcoholic fatty liver,

[2-10

anti-oxidative >, In a recent study, honokiol showed remarkable anti-tumor effects

H-13] Up to date, investigation about honokiol is a

on various cancer cell lines |
growing subject of research for its multifarious and strong pharmacological effects
without remarkable toxicity '), and the metabolism of honokiol in tissues have not
been paid much attention. Therefore, our aim here was to identify the honokiol
metabolites in rat small intestine to probe into the metabolites of honokiol further.
Small intestine plays a significant role in absorption and metabolism of beneficial
nutrient and potentially harmful xenobiotic !*'°!. Tt not only has many transporters,
but also expresses a range of both phase I and phase II metabolic enzymes ['"*1¢2!,
Mequindox, glucuronidase and testosterone could be metabolited in small intestine

though different enzymes 2%

. Besides, large numbers of bacteria and their
respective enzymes in small intestine also have the ability to metabolize drugs or drug
conjugates. Digoxin could be metabolized to DRP by microbiota **. Ginsenosides
Rg3 formed Rh2 and PPD which have stronger antitumor activity via intestine
microbiota %) In view of the particularity of small intestine metabolism, and the
metabolites of honokiol in tissues are not been known, investigation of metabolites in
small intestine can make clear of the overall metabolism and the clinical applications
of a potential drug candidate.

Ultra-high performance chromatography/quadrupole time-of-flight tandem mass
spectrometry (UHPLC/Q-TOF-MS) coupled with stable isotope labeling as a fantastic
and increasingly popular technique have been widely used in the fields of drug
analysis, pharmacokinetics and other biologic samples for its better resolution,

27-30

accurateness and sensitivity [27-30] Previously, we have successfully used this method
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to separate and tentatively identify 18, 57 and 42 honokiol metabolites in rat plasma,

urine and feces, respectively B'~

. By this approach, twenty metabolites were
observed and tentatively identified in rat small intestine, eight of which were first time

to be reported and their possible fragmentations have also been deduced.

2. Experimental

2.1 Chemicals and reagents

Honokiol (purity >98%) was separated and purified in our laboratory as
previously described **. Honokiol-[*C¢]-labeled (purity >98%) was purchased from
the Wuxi Beita Company (Wuxi, Jiangsu China). HPLC-grade Methanol and
Ethylacetate were obtained from Fisher Scientific (Fairlawn, NJ, USA). Ultrapure
water was produced by the Milli-Q Ultrapure water purification system (18.5MQ)
(Millipore Corp., Bedford, MA, USA). All the other chemicals and solvents used in

this experiment were of analytical grade.

2.2 Animals and animal experiments

Male Sprague-Dawley rats (120-180g, 6-7weeks old) were obtained from Beijing
HFK Bioscience Co., Ltd. (Beijing, China), and were kept under the constant
condition: temperature (22—24°C), humidity (55-65%), and lightening (12 h light per
day). The rats were fasted overnight while free access only to water before the
experiment. All the Animal experimental procedures were complied with the
guidelines of the Animal Ethics Committee of Sichuan University. Honokiol and
Honokiol-[*C4]-labeled were injected with the amount of 40 mg/kg of body weight

via tail vein.

2.3. Sample preparation

Rats were anaesthetized by intraperitoneal injection of 10% chloral hydrate (0.3
ml per 100g body weight). Small intestine was removed and immediately washed with
0.9% NaCl solution, stored at-20°C until analysis. Blank small intestine samples were

obtained from the untreated rats.
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The samples were crushed by liquid nitrogen, and then an aliquot of intestine
sample (200mg) were transferred to a clean test tube (1.5 mL) and mixed with ethyl
acetate (1 mL). The mixture was vortexed for 3min then centrifuged at 13,000 rpm for
10 min, all the supernatant was transferred to another clean test tube. The lower
precipitation maxed with methanol (I mL) to make the extracting sufficient, the
followed procedures about vortex and centrifugation were same as above mentioned.
Merging the two supernatant, and then evaporated to dryness under nitrogen at 45°C.
The residue was reconstituted in 200 pulL of mobile phase (methanol/water=25/75),
then centrifuged at 13,000 rpm for 15 min, last injected into the UPLC/Q-TOF-MS
system for analysis (5 pL injection volume). Besides, the blank sample was processed

at the same way.

2.4. Apparatus and chromatographic conditions

Chromatographic analyses were performed on UHPLC™ BEH Cg column (50
mmX2.1 mm LD., 1.7 um, waters) with the column temperature was set at 30°C, the
temperature of sample was maintained at 10°C. The total run time was 30 min, which
at a flow rate of 0.25 mL/min with a linear gradient running form 25% to 75% B
(methanol). The injection volume was 5 pL per sample.

ESI-Q-TOF-MS/MS ananalysis were achieved on Waters ACQUITY UHPLC™
system (Waters Corp., Milford, MA, USA) coupled to a Waters Q-TOF Premier mass
spectrometer (Waters Corp., Milford, MA, USA) through an ESI interface operating
in negative mode. The ESI source parameters were as follows: capillary voltage 2.8
kV, cone voltage 20 kV, source temperature 90°C, desolvation temperature 200°C, and
desolvation gas (N;) with a flow rate of 300L/h. As for the Q-TOF-MS/MS
experiment, flow rate of the collision gas (Ar) was 0.45 L/h, collision energy was 20—
35 eV. The MS and MS/MS acquisition rate was set to 1.0 s with a 0.02s inter-scan
delay. Data were acquired from 100 Da to700 Da. The instrument was controlled, all
the data were acquired and processed by Masslynx' ™ 4.1 software (Waters Corp.,

Milford, MA, USA).

3 Results and discussion
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3.1 Discovery of metabolites

d 2?1 an equimolar mixture of honokiol and *C-labeled

As previously reporte
honokiol was administered to the rats by caudal vein leading to two peaks in MS
spectra. So through the full scan mass spectra of experimental sample in comparison
with blank sample (Fig 2), we could find the potential metabolites according to
similar intensities ratio of two peaks and the mass shift of 6 Da (one benzene ring of
honokiol was labeled by '°C), as presented in Fig. 3. By analyzing the fragment ions,
cleavage behavior and comparing with previous reports, we discovered and
characterized honokiol metabolites in small intestine comprehensively.

The data of detected metabolites including retention times, MS/MS fragments,
and molecular formulas were summarized in Table 1. Meanwhile, metabolites

structures were shown in Fig. 4, four metabolites as the representative of MS/MS

fragmentation were exhibited in Fig. 5.

3.2 Identification and structure elucidation of metabolites

The parent drug was detected at a retention time of 23.136min, giving a adduct
ion of chloride at m/z 301.1002 [M+CIl]". No phase I metabolites were detected,
instead 20 phase II metabolites of honokiol were observed and divided into 4 sulfate

conjugates, 12 amino acids conjugates and 4 glucuronide metabolites.

3.2.1 Mono-sulfate conjugates ( M2, M5, M9, M10 )

Sulfate conjugation is one conventional type of conjugation reaction with the

B3] M2 (tr=1.813 min) gave a deprotonated molecular ion [M—

neutral loss of 80Da
H] at m/z 349.0389. Abundant specific fragment ions were identified at m/z 269, 225,
209, 184, 183. The neutral loss of SO; (80 Da) formed the prominent fragment ion at
m/z 269 [M-H-80] suggesting M2 was sulfate conjugation metabolite. The one at m/z
269 was dissociated into m/z 225[M—-H-80-44] , ascribed to the elimination of CO,.
As for ion at m/z 209 resulted from the one at m/z 225 was due to the ortho-allyl
generated a five-membered ring, it led to the fragment ion at m/z 183 by its further

cleavage. But we could not define the exact position of sulfate conjugation for

honokiol possessed two phenolic hydroxyl groups. Therefore, M2 was formed though

Page 6 of 21



Page 7 of 21

©CoO~NOUTA,WNPE

Analytical Methods

oxidized para-allyl of honokiol into carboxyl, and then one phenolic hydroxyl group
conjugated with sulfate.

MS5 (tg= 2.497 min) yielded a deprotonated ion [M—H] at m/z 375.0541. In the
MS/MS spectrum, it showed the fragment ions at m/z 295, 251 and 210, which were
the same as J.Liu et al B!, A predominant ion at m/z 295 [M-H-80] indicated M3 was
a sulfate conjugation metabolite, which further lost a neutral moiety of CO, to form
ion at m/z 251 [M-H-80-44]". According to these fragment ions, the accurate site of
sulfate conjugation couldn’t be fully ascertained likewise.

M9 (tg = 7.592 min) was observed [M-H] at m/Zz 361.0735 in
UHPLC/Q-TOF-MS spectrum. The MS? spectrum gave fragment ions at m/z 281, 240
(see Fig. 5(a)). The one at m/z 281 [M-H-80] indicated the loss of SO; (80Da),
implying M2 was a sulfate conjugation product. The ortho-allyl group may be
oxidized to hydroxyl with the position of C=C double bond changed”®, then
generated a five-membered ring by losing two hydrogen atoms, the free radical
product ion at m/z 240 was yield due to the cleavage of para -allyl radical.

The full scan mass spectrum of M10 (tg = 8.789 min) exhibited a deprotonated
ion [M-H] at m/z 403.0851. The presence of the dominating fragment ion at m/z 263
[M-H-80-42-18] was identical to the consecutive losses of SOz (80Da), C;H,O (42Da)
and H,O (18Da). Therefore, M10 was proposed as sulfated and acetylated metabolite.
In view of phenolic sulfates the loss of SO3; (80 Da), while aliphatic sulfates loss of
HSO, (97 Da) in negative ionization mode ’), the sulfate conjugation occurred at
C-2 position.

As what has been discussed above, M2, M5, M9 and M10 were endowed with
the characteristic of neutral loss of SO; (80 Da), which provided the most sufficient
evidence of they were sulfate conjugation metabolites. In addition, the probably

BI331 1t was a pity that

structures of them were consistent with previous inference
owing to the lack of reference standard and honokiol contained two phenolic hydroxyl
groups at C-2 and C-4’ position, respectively. We could not define the veracious
position of sulfate conjugation. The possible structures of M2, M5, M9 and M10 were

shown in Fig. 4.
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3.2.2 Amino acids conjugated metabolites (M1, M3, M6-MS,

M14-M20)

Generally, amino acids conjugated metabolites always occur in the nature of
distinctive mass shift such as 57 (C,H3NO) for glycine conjugates, 87 (C3HsNO;) for
serine conjugates, 129 (CsH7NOs) for glutamic acid conjugates, 114 (C4HgN,0O,) for
asparagine conjugates. The possible structures of amino acids conjugated metabolites
were also shown in Fig. 4.

M1 (tg = 1.522 min) exhibited a deprotonated ion [M-H] at m/z 482.1926 and
produced a collection of fragment ions at m/z 281, 263, 224. The fragment ion at m/z
281 [M-H-C3H¢NO,-C4H7N,0,-]" implied that M1 was serine and asparagine
conjugation product. The main one at m/z 281 undergoing afterwards departure of a
molecule of water brought out the fragment ion at m/z 263 which caused the one at
m/z 224 via cleavage of allyl radical at C-5 position. Thus, M1 maybe generated by
that para-allyl underwent hydroxylation, while the ortho-allyl formed a six-membered
ring, and then phenolic hydroxyl at C-2 position and para aliphatic hydroxyl
conjugated with serine and asparagine, respectively. Unfortunately, the placement of
the two amino acids couldn’t be revealed for serine and asparagine were the first shift
of masses in the productions.

M3 (tg = 1.984 min) with deprotonated molecular ion at m/z 471.1585, yielded
corresponding fragment ions at m/z 297, 253, 251 and 120. The main product ion at
m/z 297 [M-H-71-103] was identical to the successive losses of alanine and cysteine.
The fragment ion at m/z 253 was best explained by the cleavage of CO; (44 Da) from
m/z 297 and its othro-allyl forming a five-membered ring by losing two hydrogen
atoms caused the one at m/z 251. The further cleavage between the two benzene rings
generated the ion at m/z 120. Based on the results discussed above, M3 was
tentatively assigned as alanine and cysteine conjugation product, maybe the isomer of
prevenient metabolites.

Metabolite M6 (tg = 2.497 min) appeared [M-H] = at m/z 506.1119. Series of
product ions at m/z 377, 344, 297, 281 and 263 were detected. The most meaningful
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fragment ions at m/z 377[M-H-129]", 297[M-H129-80] suggested M6 was a glutamic
acid and sulfate conjugation product. The crucial fragment ion at m/z 344 derived
from m/z 377 via losing hydroxyl and oxygen radical, which made the structure of M6
distinct. In regard to the ions at m/z 281 and 263 were produced by loss of oxygen
atom from m/z 297(281 = 297-16) and further loss of a molecule of H,O (263 =
281-18), respectively. As a result, it is reasonable to speculate the generation of M11
maybe as the following steps: the para-ally underwent hydroxylation and othro-allyl
formed a five-memberd ring, then phenolic hydroxyl group and aliphatic hydroxyl
group conjugated with sulfate and glutamic acid, respectively.

Conjugating with serine and sulfate generated metabolite M7 (tg = 2.821 min)
which was detected [M-H] at m/z 464.1019 and generated fragment ions at m/z 377,
297, 265, 263. The dominating fragment ions at m/z 377 [M-H-87] and 297
[M-H-87-80] corresponded to the losses of serine and SOj3, respectively. The ion at m/z
297 losing two oxygen atoms induced the observation of deprotonated molecular ion
of honokiol at m/z 265. The ortho-allyl of honokiol forming a six-memberd ring
brought out the production at m/z 263.

MS (tg = 4.788 min), M14 (tg= 14.056 min) and M16 (tg= 15.183 min) yield
deprotonated molecular ions at m/z 570.1930, 570.2240, 570.2239, respectively. The
MS? spectrum of M8 showed fragment ions at m/z 306, 272, 254. The one at m/z 306
with high intensity was diagnostic deprotonated molecular ion of glutathione, which
conjugated with honokiol to form the deprotonated molecular ion by losing two
hydrogen atoms. Thus, M8 was tentatively identified as glutathione conjugation
metabolite. The ions at m/z 272, 254 were products of glutathione, resulting from the
elimination of H,S (272 = 306-34) and further loss of H,O (254 = 272-18),
respectively.

As for M14 and M16, generated identical characteristic product ions at m/z 297,
254, 210. The common fragment ion at m/z 297 [M-H-C3;HsNO,-C;1H;(N,O]" was
formed by losses of serine and tryptophan from deprotonated molecular ion,
indicating M14 and M16 were serien and tryptophan conjugates. The free radical

fragment ion at m/z 254 originated from m/z 297 by the neutral loss of CO,, Therefore,
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the generation of M14 and M16 was tentatively deduced to be that para-allyl was
oxidized to carboxyl, and the two phenolic hydroxyl groups of honokiol were position
of serine and tryptophan conjugation.

MI15 (tr = 14.432 min) and M17 (tg = 16.228 min) appeared [M-H] at m/z
426.1554 and m/z 426.1551, respectively. The diagnostic fragment ions of M15 were
at m/z 297, 256 (see Fig. 5(c)), while that of M17 was at m/z 297. The common
fragment ion at m/z 297 [M-H-129] indicated both them were glutamic acid
conjugates. The loss of ortho-allyl free radical and the para aliphatic chain formed
C=C bond, resulted in the fragment ion at m/z 256 of M15.

MI18 (tg = 19.118 min) and M19 (tg = 21.298 min) gave the deprotonated
molecular ions at m/z 384.1451 and 384.1445, respectively. The MS/MS spectra
offered M18 fragment ions at m/z 297, 256 (see Fig. 5 (b)), while M19 generated
product ions at m/z 297, 264, 263. Both them showed a primary fragment ion at m/z
297 [M-H-87] which corresponded to the mass shift of serine (87 Da). The radical
ion at m/z 256 of M18 could be attributed to cleavage of —C,H;0 from m/z 297 and
the five-memberd ring opening by addition of two hydrogen atoms. The fragment ion
at m/z 263 [M-H-C;H;5;NO,-H,0-0] of M19 was subjected to m/z 297. Thus, M18 and
M19 were elucidated to be serine conjugates, which also had been detected in rat
fence [, Unfortunately, the site of serine was uncertain for the loss of serine
happened first.

The deprotonated molecular ion of M20 (tg = 21.956 min) was at m/z 441.1663,
subsequent MS/MS analysis generated product ions at m/z 297, 264. The key product
ion at m/z 297 [M-H-C,H4sNO-C;H;NO,]" unambiguously elucidated M20 was
glycine and serine conjugation metabolite. Furthermore, by losses of hydroxyl group
and oxygen free radical from m/z 297, producing the ion at m/z 264. Accordingly, the
generation of M20 maybe that the two allyl groups of honokiol underwent
hydroxylation, the two phenolic hydroxyl groups conjugated with glycine and serine

subsequently.

3.2.3 Glucuronide metabolites (M4, M11-M13)
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The mass shift of 176 Da and fragment ions at m/z 175, m/z 113 were
representative characteristic of glucuronide conjugates, which were observed in the
product ions of M4, M11, M12 and M13. Their possible structures were shown in Fig.
4.

In the MS spectrum under full scan mode, M4 (tg = 2.189 min) showed the
deprotonated molecular ion at m/z 537.1069, it gave the fragment ions at m/z 361, 281,
263, 175. Comparing with deprotonated molecular ion, diagnostic product ions at m/z
361 [M-H-C¢HgOg] and m/z 281 [M-H-C¢HgO4-SO3]” were in accord with correlative
mass subtraction of 176 Da and 256 (176+80) Da. Hence, M4 was tentatively
identified as glucuronide and sulfate conjugation product. lon at m/z 263 resulted
from that at m/z 281 by neutral loss of H,O. The fragment ion at m/z 175 more plenary
illustrated the validity of the above inference. By analyzing these fragmentation
behaviors mentioned above, origin of M4 was tentatively concluded that the
hydroxylation occurred on ortho-allyl with C=C double bond in a move, and then the
two phenolic hydroxyl groups conjugated with glucuronic acid and sulfate.

MI11 (tg = 8.789 min) gave the deprotonated molecular ion [M-H] at m/z
457.1497. The primary product ions were found at m/z 281, 240, 175, 113. On account
of the product ion at m/z 281 [M-H-176] was produced by the elimination of
glucuronide, which consistent with the particular fragment ions of glucuronide at m/z
175, 113. As a result, M11 was identified as glucuronide conjugation product. The
loss of C,H,OH from m/z 281 and the six-membered ring opening via addition of two
hydrogen atoms, together contributed to the ion at m/z 240 with low intensity. Hence,
para-allyl undergoing hydroxylation, the ortho-allyl forming a six-memberd ring, and
then hydroxyl at C-2 position conjugating glucuronide, caused metabolite M11.

MI12 (tg = 10.670 min), M13 (tg = 11.645 min) possessed the similar
deprotonated molecular ions at m/z 441.1552, 441.1543, they were isomers of M20. In
the MS/MS spectrum, common product ions at m/z 265, 224,113 were yield. The
[M-H] at m/z 441 was 176 Da more than that of honokiol. In addition, the ion at m/z
265[M-H-176] further demonstrated that M12-M13 were glucuronide conjugates of

honokiol. Honokiol contain two phenolic hydroxyl groups at C-2 and C-4’ position,
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which can form two glucuronide conjugates in theory.

3.4 Metabolic pathway of honokiol

By analyzing and comparing with previous reports, altogether 75 metabolites of
honokiol in rat were detected and tentatively identified in our laboratory. It is
obviously to found that: (1) both phase I metabolites and phase II metabolites could
be observed in urine and feces, which focus on the excretion of honokiol; however
only phase II metabolites were detected in plasma and small intestine, which
highlights the distribution and metabolism; (2) the metabolites in plasma were mainly
sulfate conjugates, while that in small intestine were mainly amino acid conjugates,
also include several sulphated and glucuronide conjugates; (3) as summarized in Table
2, glucuronide conjugates could be detected in small intestine and plasma, while not
been discovered in feces.

As a result, considering mentioned above and characteristics of metabolic in vivo,
leading the deduction that honokiol enters the blood via intravenous, can rapidly
transports through the bloodstream and immediately distributes into the intestinal
lumen by secretion or diffusion from systemic circulation, or may be excreted in the
bile, underwent hepatoenteral circulation could be reabsorbed as conjugates.
Meanwhile, it is important not only to understand the roles of conjugation reaction in
drug metabolism, but also to develop new drugs with high efficacy, quick metabolism,
and small risk of side toxic effects, honokiol could be metabolized to conjugates with
stronger polarity in small intestine which had the potential to facilitate their excretion.
Moreover, amino acids conjugates, glucuronide conjugates and sulfate conjugates
usually had no pharmacological activities and caused toxic effects seldom, which
revealed that honokiol play the pharmacological activities by itself, rather than its

metabolites.

4. Conclusions and prospective

In present study, detection and tentatively deduction of honokiol metabolites in
rat small intestine were performed by UHPLC/Q-TOF-MS couple with *C stable

isotopic labeling. It is the first report about metabolites in small intestine by this
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method. As a result, altogether 20 metabolites were detected and identified, including
4 sulfate conjugates, 12 amino acids conjugates and 4 glucuronide metabolites, eight
of which were first time to be reported. The results once again highlight the
contribution of small intestine metabolism playing a significant role of drug
metabolism. Furthermore, combining the results of this study with previous reports
provided an integrative view on metabolic pathway of honokiol as a promising drug
candidate with the potential clinical indication for the treatment of cancer, also
reasonably promoted the study of honokiol on safety, toxicity, formulation

development, ramification and so on.
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Table 1
The UHPLC-MS data obtained in negative ion detection mode for honokiol mebabolites in rats small intestine after vien administration.

NO Metabolic pathway (conjunction) tr (min) Ion pair [M-H] (Da) Product ions[M-H] (Da) Formula Error (ppm)
Ml Serine, Asp 1.522 482.1926-488.2233 281.1172, 263.1061,224.0842 CysHyoN;0; 041
M2 sulfation 1.813 349.0389-355.0603 269.0810, 225.0920, 209.0600, 184.0590, 183.0435 C1gH»,05S 1.43
M3 Ala, Cys 1.984 471.1585-477.1679 297.1120, 253.1240, 251.1080, 120.1697 Cy4HpgN,OS 1.06
M4 Gle 2.189 537.1069-543.1294 361.0743, 281.1187, 263.1065, 175.0342 Cy4Hy604,S 0.37
M5 sulfation 2.497 375.0541-381.0791 295.0976, 251.1068, 210.0688 CsH,60,S 0.53
M6 sulfation, Glu 2.497 506.1118-512.1309 377.0692, 344.0720, 297.1129, 281.1173, 263.1081 Cy3HpsNO oS -0.59
M7 sulfation, Ser 2.821 464.1019-470.1302 3770686, 297.1124, 265.232, 263.1077 C,1Hp3NOgS 0.65
MS GSH 4.788 570.1930-576.1913 306.0758, 272.0872, 254.0769 CygH33N305S 3.51
M9 sulfation 7.592 361.0735-367.0914 281.1181, 240.1081 C15H,06S -3.05
M10 sulfation 8.789 403.0851-409.1067 263.1076 CyoHy005S 0.23
Mil1 Gle 8.789 457.1497-463.1723 281.1183,240.1147, 175.0224, 113.0247 Cy4Hp6Og -0.44
M12 Gle 10.670 441.1552-447.1732 265.1224, 224.0846, 113.0252 C,4H,604 0.45
MI13 Gle 11.645 441.1543-447.1723 265.1239, 224.0843, 113.0246 Cy4HpO4 -1.59
M14 GSH 4.788 570.1930-576.1913 306.0758, 272.0872, 254.0769 CygH33N304S 3.51
MI15 Glu 14.432 426.1554-432.2008 297.1118, 256.0735 Cy3HpsNO, 0.23
Ml6 Ser, Try 15.183 570.2239-576.2493 297.1125, 254.1300,210.0675 C3,H33N304 -0.35
M17 Glu 16.228 426.1551-432.1852 297.1129 Cy3HpsNO, -0.47
MI18 Ser 19.118 384.1451-390.1551 297.1114, 256.1095 Cy Hy3NOg 1.04
M19 Ser 21289  384.1445-390.1704 297.1121, 264.1075, 263.1077 Cy Hy3NOg -0.52
M20 Ser, Gly 21956 441.1663-447.1844 297.1123, 264.1158 Cy3HyN,0; 0.23

Note: Ser=serine conjugation, Glu=glutamic conjugation, Gly=glycine conjugation, Ala=alanine conjugation, Cys=cysteine conjugation, Asp=asparagine

conjugation, Try=tryptophan conjugation, Glc=glucuronic conjugation, GSH=glutathione conjugatio.



Page 17 of 21 Analytical Methods

1

2

3 Table 2

4 Summary of honokiol phase II metabolites detected in rat fence, plasma and small intestine.
g [M-H](Da) Feces Plasma Small Intestine
7 Mono-sulfate conjugates 345.0795 \ \/ ND
8 345.0793 N N ND
20 349.0389 ND ND \/
11 361.0744 y \ ND
12 361.0735 \ \/ \/
13 375.0541 N ND N
ig 375.0542 \ ND ND
16 375.0899 ND \/ ND
17 377.0694 \ \/ ND
18 377.0689 N N ND
:zlg 379.085 v ND ND
21 379.0851 v v ND
22 389.0698 ND \ ND
23 391.0848 N N ND
gg 401.0691 ND \ ND
26 403.0851 ND ND v
27 Amino acid conjugates 384.1445 v ND ND
28 384.1449 N ND ND
ég 384.1451 \ ND \/
31 384.1455 v ND ol
32 426.1554 \ J \/
33 426.1551 N \ N
gg 441.1663 ND ND \/
36 442.1499 v ND ND
37 464.1019 x/ ND ND
38 471.1585 ND ND \/
Zg 482.1926 ND ND \/
a1 506.1118 ND ND \/
42 516.165 \ ND ND
43 516.1652 \ ND ND
jg 570.193 ND ND \/
46 570.224 ND ND \/
47 570.2239 ND ND J
jg 596.1013 y ND ND
50 682.2556 y ND ND
51 Glucuronide conjugates 441.1552 ND S S
52 441.1543 ND v v
gi 457.1497 ND \/ \/
55 485.1445 ND \/ ND
56 537.1069 ND ND \/
57 v, detected; ND, not detected.

58

59
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Figure Legends

Fig. 1Chemical structures of honokiol and [13C]—1abeled-honokiol.

Fig. 2 The UPLC/Q-TOF-MS base peak chromatograms in negative ionization mode of
experimental sample (A) and blank sample (B).

Fig. 3 The Q-TOF-MS spectra of six representative isotope clusters metabolites. (A) metabolite
M5 (m/z 375.0541-381.0791); (B) metabolite M18 (m/z 384.1445-490.1704); (C) metabolite M7
(m/z 464.1019-470.1302); (D) metabolite M12 (m/z 441.1552-447.1732); (E) metabolite M11
(m/z 457.1497-463.1723); (F) metabolite M4 (m/z 537.1069-543.1294).

Fig. 4 Proposed structures of 20 honokiol metabolites in small intestine, new metabolites were
underlined. (Ser=serine, Glu=glutamic, Gly=glycine, Ala=alanine, Cys=cysteine, Asp=
asparagine, Try= tryptophan, Glc= glucuronic, GSH=glutathione).

Fig. 5 The representative MS/MS spectra of four metabolites. (A) metabolite M9 (m/z 361); (B)
metabolite M18 (m/z 384); (C)metabolite M15 (m/z 426) ; (D) metabolite M13 (m/z 441).
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Fig. 1 Chemical structures of honokiol and [*C]-labeled-honokiol.
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Fig. 2 The UPLC/Q-TOF-MS base peak chromatograms in negative ionization mode of
experimental sample (A) and blank sample (B).
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Fig. 3 The Q-TOF-MS spectra of six representative isotope clusters metabolites. (A) metabolite
MS5 (m/z 375.0541-381.0791); (B) metabolite M18 (m/z 384.1445-490.1704); (C) metabolite M7
(m/z 464.1019-470.1302); (D) metabolite M12 (m/z 441.1552-447.1732); (E) metabolite M11
(m/z 457.1497-463.1723); (F) metabolite M4 (m/z 537.1069-543.1294).
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Fig. 4 Proposed structures of 20 honokiol metabolites in small intestine, new metabolites were
underlined. (Ser=serine, Glu=glutamic, Gly=glycine, Ala=alanine, Cys=cysteine, Asp=
asparagine, Try= tryptophan, Glc= glucuronic, GSH=glutathione)
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Fig. 5 The representative MS/MS spectra of four metabolites. (A) metabolite M9 (m/z 361); (B)
metabolite M18 (m/z 384); (C)metabolite M15 (m/z 426) ; (D) metabolite M13 (m/z 441)



