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Abstract - The aim of this study was to explore the effects of vinegar extract from seed of common buckwheat (Fagopyrum
esculentum Moench) and seed of tartary buckwheat (F. tataricum Gaertner) on acute ethanol-induced hangover in Sprague-
Dawley rats. Vinegar extract from buckwheat is rich choline, quercetin and its glycoside, rutin known as flavonoid
antioxidants. The test extract containing buckwheat was proven to alleviate hangovers through a significant reduction in the
concentration of alcohol and acetaldehyde in the context of an alcohol-induced hangover model. Hepatic alcohol dehydrogenase
(ADH) and acetaldehyde dehydrogenase (ALDH) activities were significantly higher in buckwheat vinegar-treated rats than
in ethanol-treated rats. Moreover, tartary buckwheat vinegar upregulated antioxidant enzyme such as superoxide dismutase
and Catalase activities in liver tissues. These results suggest that buckwheat vinegar extract could alleviate ethanol-induced
hangover symptoms by elevating activities related to hepatic ethanol-metabolizing enzymes against ethanol induced
metabolites, and in particular, tartary buckwheat should be further developed to be a novel anti-hangover material.
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Fig. 1. Scheme for buckwheat vinegar treatment of hangover mice in experiment. Sprague Dawley (SD) rats were divided into 4
groups: NOR, CON, SCB and STB. NOR, Normal mice fed with vinegar extract group; CON, Alcohol induced hangover mice fed
with vinegar extract group; SCB, Alcohol induced hangover mice fed with seed of common buckwheat (Fagopyrum esculentum
Moench) with vinegar extract group; STB, Alcohol induced hangover mice fed with seed of tartary buckwheat (Fagopyrum tataricum

Gaertn.) with vinegar extract group.
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Table 1. Tissue weight of liver, spleen, kidney in EtOH-induced mice fed with vinegar extract from common and tartary buckwheat

seed
Tissue” Liver weight (g) Spleen weight(g) Kidney weight (g)
NOR 7.273+0.336" "* 0.425+0.018™* 1.809+0.032™*
CON 7.701+0.215 0.483+0.028 1.972+0.022
SCB 7.30440.530 0.557+0.073 1.797+0.141
STB 7.41840.142 0.541+0.013 1.893+0.052

*Sprague Dawley (SD) rats were divided into 4 groups: NOR, CON, SCB and STB. NOR, Normal mice fed with vinegar
extract group; CON, Alcohol induced hangover mice fed with vinegar extract group; SCB, Alcohol induced hangover
mice fed with seed of common buckwheat with vinegar extract group; STB, Alcohol induced hangover mice fed with

seed of tartary buckwheat with vinegar extract group.

"Data shown are the mean=SD (n=5). The variables in four treatment including two buckwheat materials expressed no

significant (n.s.) in tissue weight.
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UL 2 43 4mg/100 g4 e‘LUﬂ RESSE S 16RY
mg/100 g) Hrt FAH 0 & §-on|s}A| =3k th(Table 2; Fig, 3)
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et al , 2017; Kim et al., 2022a), 3, S48}, 39k,
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Table 2. Rutin, quercetin and choline contents in fresh seed and vinegar extract from common buckwheat and tartary buckwheat

Material” Rutin Quercetin Choline
(mg/100 g) (mg/100 g) (ng/100 g)
FCB 28.8+1.0°"" 12.4+0.33™ 3.540.01°
FTB 1,578.6+2.2 18.10.61 3.4+0.01
SCB 6.2+0.1 1.120.03 5.9+0.04
STB 117.9+0.1 1.8+0.01 6.2+0.01

*Material was cultivated in Deagwallyeong, Pyeongchang. FCB or FTB, fresh seed of common or tartary buckwheat treated
group; SCB or STB, seed of common or tartary buckwheat with vinegar extract group.
"Data shown are the meantSD (n=6). The variables in four treatment including two buckwheat materials expressed.

significant at p < 0.001.
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Fig. 2. UPLC analysis of rutin and quercetin contents in fresh seed and vinegar extract from common buckwheat and tartary
buckwheat. A, fresh seed of common buckwheat; B, fresh seed of tartary buckwheat; C, vinegar extract of common buckwheat; D,
vinegar extract of tartary buckwheat. All chromatograms passed through spectrofluorometric detector at 259 nm. Retention time of

all chromatograms were as follows: (1), Rutin (9.022 min); and (2) quercetin (18.039 min).
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Fig. 3. HPLC-MS chromatogram of choline from the fresh seed and vinegar extract from common buckwheat and tartary buckwheat.
A, fresh seed of common buckwheat; B, fresh seed of tartary buckwheat, C, vinegar extract of common buckwheat; D, vinegar extract
of tartary buckwheat. Retention time of all chromatograms were as follows: (1), choline (4.155 min); and (2) Choline-d9 (4.159 min).
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SHH & HEFEolR o] Fsle], HS0]AQl oA EYTH|sH
o]E A d A(acetaldehyde dehydrogenase, ALDH)o| 2]
3l ZAHacetic acid, CHsCOOH) 0.2 Atste]o] £|2 1w (H,0)2t
o|ik2tEtax(C0y) 502 HIEHTH(Kee et al,, 2003). © o &
&L T AZA] AU BAjo] 43l oM EdT|slol BT =
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%37t 4842 o EYTBlo| = s WobAlrhaL 319
CHCha et al., 2009).
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Fig. 4. Changes in blood alcohol (A), Area under curve (AUC) (B) and acetaldehyde (C) level in alcohol-induced hangover mice
model fed with vinegar extract from common and tartary buckwheat seed. NOR ( @ ), Normal mice group with vinegar extract; CON
(m), Alcohol-induced hangover mice group with vinegar extract; SCB (A ), Alcohol induced hangover mice fed with seed of
common buckwheat with vinegar extract; STB (W), seed of tartary buckwheat treated group. Values are expressed Mean+SE on
groups of five experiments. Data shown are the mean+SD (n=5). The variables in four material including two buckwheat materials

expressed *significant at p <0.05 vs NOR.
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Y7} 990%, 247% Z7V5to] W Az o] A e K
A7} Tk (Fig, 5B).
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(3,144 mU/mL)ol| 4] 19%, 50 L2(3,194 mU/mL) 1A 219% %
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(1.768 mU/mL)o| A 47% S7Fsto] LA e]tol A <374
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Fig. 5. Changes in Alcohol dehydrogenase ADH activity of serum and liver (A and B), Aldehyde dehydrogenase ALDH activity of
serum and liver (C and D) in alcohol-induced hangover mice model fed with vinegar extract from common and tartary buckwheat
seed. NOR, Normal mice group; CON, Alcohol-induced hangover mice group; SCB, seed of common buckwheat treated group;
STB, seed of tartary buckwheat treated group. Values are expressed Mean+=SD on groups of five experiments. Data shown are the
meant+SD (n=5). The variables in four material including two buckwheat materials expressed *significant at p < 0.05 vs NOR, #

significant at p < 0.05 vs CON.
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Fig. 6. Changes in Superoxide dismutase (SOD) and Catalase level of liver (A and B) level in alcohol-induced hangover mice model
fed with vinegar extract from common and tartary buckwheat seed. NOR, Normal mice group; CON, Alcohol-induced hangover
mice group; SCB, seed of common buckwheat treated group; STB, seed of tartary buckwheat treated group. Values are expressed
Mean+SD on groups of five experiments. Data shown are the meantSD (n=5). The variables in four material including two
buckwheat materials expressed *significant at p < 0.05 vs NOR, * significant at p < 0.05 vs CON.
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