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ABSTRACT

Purpose: To determine the metabolic influence of the traditional Korean diet (K-diet), which
has been regarded as a healthy diet, we investigated the profile of urine organic acids that are
intermediates of various types of metabolism including energy metabolism.

Methods: Ten women aged 50-60 years were recruited and randomly divided into 2 diet
groups, K-diet and control diet, the latter of which is a Westernized Korean diet that is
commonly consumed by Koreans nowadays. Before and after the 2-week intervention, 46
urine organic acids were determined using LC/MS/MS, along with clinical parameters.
Results: The average concentrations of succinate (4.14 + 0.84 pug/mg creatinine vs. 1.49 +
0.11, p = 0.0346) and hydroxymethylglutarate (3.67 + 0.36 pg/mg creatinine vs. 2.97 + 0.29,

p = 0.0466), both of which are intermediates of energy metabolism, decreased in the K-diet
group after the 2-week intervention, but these were not observed in the control diet group.
In particular, the average concentration of succinate in the K-diet group was lower than that
in the control group (3.33 + 0.56 pg/mg creatinine vs. 1.49 + 0.11, p = 0.0284) after 2 weeks.
The concentrations of two tryptophan metabolites, 5-hydroxyindolacetate (3.72 + 0.22 ug/mg
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creatinine vs. 3.14 + 0.21, p = 0.0183) and indican (76.99 + 8.35 pg/mg creatinine vs. 37.89 +
10.06, p = 0.0205) also decreased only in the K-diet group. After the 2-week intervention, the
concentration of kynurenate, another tryptophan metabolite, was lower in the K-diet group
than that in the control diet group (3.96 + 0.51 pg/mg creatinine vs. 2.90 + 0.22, p = 0.0356).
Interestingly, the urine level of kynurenate was positively correlated with BMI (r = 0.61424,

p =0.0003) and total cholesterol (r = 0.46979, p = 0.0088), which decreased only in the K-diet
group (239.40 + 15.14 mg/dL vs. 198.20 + 13.25, p = 0.0163).

Conclusion: The K-diet alters the urinary excretion of organic acids involved in energy
metabolism and tryptophan metabolism, suggesting the influence of the K-diet on these
types of metabolism. Urine organic acids changed by the K-diet may serve as biomarkers in
future studies.

Keywords: Korean diet, urine organic acid, succinate, hydroxymethylglutarate, kynurenate
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Table 1. Subject profiles

Clinical parameters Control diet (n = 5) K-diet (n = 5) p value
Age (yrs) 54.60 + 0.87 52.80 £1.02 NS
Weight (kg) 66.48 + 2.02 64.36 = 2.12 NS
BMI (kg/m?) 97.30 + 0.93 26.00 + 0.64 NS
Waist circumference (cm) 90.60 *1.54 85.40 + 3.64 NS
Total cholesterol (mg/dL) 209.40 + 4.74 239.40 +£15.14 NS
LDL-cholesterol (mg/dL) 142.20 + 5.40 138.40 + 24.91 NS
HDL-cholesterol (mg/dL) 46.56 + 4.05 57.65 = 3.40 NS
Triglyceride (mg/dL) 103.20 +12.99 237.80 + 116.24 NS
Fasting blood glucose (mg/dL) 92.40 +4.15 93.40 = 3.31 NS

K-diet, Korean diet; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; NS, not
significant.
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Table 2. Comparison of macronutrient and micronutrient intakes between K-diet group and control group (unit/day)

Nutrients Control diet (n = 5) K-diet (n = 5) p-value
Energy (kcal) 1,775.5 £ 25.5 1,740.2 £12.7 NS
Carbohydrate (% of energy) 57.0 £ 0.6 63.7 £ 0.4 <0.0001
Fiber (g) 271+1.3 41.5+0.4 <0.0001
Protein (% of energy) 15.7 + 0.2 171+ 0.3 <0.0001
Animal based protein (% of energy) 7.3+0.3 4.9+0.3 <0.0001
Plant based protein (% of energy) 8.4+0.1 12.2 £ 0.1 <0.0001
Fat (% of energy) 27.4 £ 0.4 19.2+0.3 <0.0001
Animal based fat (% of energy) 10.4 + 0.5 2.3+0.2 <0.0001
Plant based fat (% of energy) 171+ 0.3 16.9 + 0.3 NS
Cholesterol (mg) 447.3+30.0 182.9 £11.0 <0.0001
Vitamins
Vitamin A (ug RE) 1,246.4 £ 42.4 1,497.7 £ 7.4 0.0031
Vitamin C (mg) 177.4 £ 6.6 180.1+3.8 NS
Thiamin (mg) 1.3+0.0 1.7+0.0 <0.0001
Riboflavin (mg) 1.3+0.0 1.5+ 0.0 <0.0001
Niacin (mg) 16.4 + 0.3 24.9+0.4 <0.0001
Calcium 484.7+10.9 804.6 £19.3 < 0.0001
Plant based calcium (mg) 384.2+9.8 585.7+8.3 <0.0001
Animal based calcium (mg) 102.3+9.9 218.9 +£19.5 <0.0001

K-diet, Korean diet; NS, not significant.

Table 3. Comparison of food intake between K-diet group and control group (g/day)

Food Control diet (n = 5) K-diet (n = 5) p-value
Total grains 217.4 £ 5.1 977.7 + 3.9 <0.0001
Whole grains 0.4+0.1 267.9 + 4.9 <0.0001
Vegetables and fruits 405.1+7.0 543.2 +10.3 <0.0001
Kimchi 132.2 +4.3 160.9 £ 5.1 <0.0001
Legumes and tofu 40.0 4.6 63.4+ 4.6 0.0004
Nuts 2.6 £ 0.6 21.4 +3.8 <0.0001
Seaweeds 15.7£2.8 24.5+ 3.9 0.0708
Fishes and shell 35.4+3.9 53.2+5.3 0.0073
Meats 57.3+4.6 10.0 £2.2 <0.0001
Red meats 48.8 £ 4.2 5.4+13 <0.0001
Eggs 40.5= 4.1 7.0+15 <0.0001
Processed foods 21.9+3.4 0.0 + 0.0 <0.0001

K-diet, Korean diet.
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Table 4. Comparison of clinical parameters before and after the dietary intervention

Variable Control diet K-diet

Baseline 2-week p-value Baseline 2-week p-value
BMI (kg/m?) 27.30 + 0.93 926.97 + 0.84 NS 26.00 + 0.64 95.62 = 0.53 NS
Weight (kg) 66.48 = 2.02 65.68 £ 1.97 NS 64.36 +2.12 63.36 = 1.82 NS
Waist circumference (cm) 90.60 +1.54 88.20 + 0.85 NS 85.40 + 3.64 83.80 +2.05 NS
Total cholesterol (mg/dL) 209.40 + 4.74 229.80 * 8.12 NS 239.40 £15.14 198.20 +13.25 0.0163
LDL-cholesterol (mg/dL) 142.20 = 5.40 146.60 = 7.09 NS 138.40 + 24.91 123.60 +13.05 NS
HDL-cholesterol (mg/dL) 46.56 = 4.05 55.12 + 5.53 NS 57.65 + 3.40 49.52 +9.03 NS
Triglyceride (mg/dL) 103.20 +12.99 140.40 +16.10 NS 237.80 +116.24 125.40 +16.36 NS
Fasting blood glucose (mg/dL) 92.40 + 4.15 89.60 = 3.39 NS 93.40 +3.31 82.20 + 3.92 NS

K-diet, Korean diet; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; NS, not significant.

1.49 + 0.1 pg/mg creatinine, p = 0.0284). HMG . $HA] Fof| A AL & F-o] & 0 2 ZhA43}9] o
L} (3.67 £ 0.36 vs. 2.97 + 0.29 pg/mg creatinine, p = 0.0466) CHE 7o A= H s} ¢l 37
A] tryptophan tHAFZOI A & o] v] Q1= M35 BTt 417 tiAHE Q] A F &2 = 240]=5-hy-
droxyindoleacetate (5-HIAA)2 TR 7ol A= A A& 2po| 7} gl ot SHAl ol A= 72
202 ZFA3Th (3.72 £ 0.22 vs. 3.14 + 0.21 pg/mg creatinine, p = 0.0183). FU B E X &
BT 20| indican® 25 5 SHA] ol ATk §-o] A 0 2 ZHAEHITh (76.99 + 8.35 vs. 37.89 +
10.06 pg/mg creatinine, p = 0.0205). 2173 HYEZH A/ HE T 20| = kynurenater= F = 25+
oAl A AT FJ A QI xfol= QIR T 25 &, FHAFLo] T R ol H]iA el om b
Al JEFATH (3.96 + 0.51 vs. 2.90 + 0.22 pg/mg creatinine, p = 0.0356) (Fig. 1).
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Fig. 1. Five urine organic acids that showed differences. (A) In the K-diet group, the concentration of succinate significantly decreased after the 2- week intervention
(414 £ 0.84 vs. 1.49 + 0.11 ug/mg creatinine, p = 0.0346) but this was not observed in the control diet group. The succinate level in the K-diet group at 2 weeks was
significantly lower than that in the control diet group (3.33 + 0.56 vs. 1.49 = 0.11 pg/mg creatinine, p = 0.0284). In the K-diet group, the concentrations of (B) HMG
(3.67 £ 0.36 vs. 2.97 + 0.29 pg/mg creatinine, p = 0.0466), (c) 5-HIAA (3.72 + 0.22 vs. 3.14 + 0.21 pg/mg creatinine, p = 0.0183) and (D) indican (76.99 = 8.35 vs. 37.89
+10.06 pg/mg creatinine, p = 0.0205) significantly decreased but these were not observed in the control diet group. (E) At 2 weeks, the concentration of kynurenate
in the K-diet group was significantly lower than that in the control diet group (3.96 + 0.51 vs. 2.90 + 0.22 pg/mg creatinine, p = 0.0356).

K-diet, Korean diet; HMG, hydroxymethylglutarates; 5-HIAA, 5-hydroxyindoleacetate; NS, not significant.

*p < 0.05 between before and after the intervention, Tp < 0.05 between two diet groups.
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Fig. 2. Correlation of kynurenate with clinical parameters. Kynurenate has positive correlations with (A) blood total cholesterol level (r = 0.46979, p = 0.0088)

and (B) BMI (r = 0.61424, p = 0.0003).

BMI, body mass index.

https://e-jnh.org

UL K| HQ AH FI| o] MEHEHA|
Kynurenate+= BMI (r = 0.61424, p = 0.0003)2} @F F Z 2| AHE (r = 0.46979, p = 0.0088) 1}
Gl dHIAZE AL (Fig. 2).

B AT AHE A9 iatol uj Ak ake A §7141S ol §3to] BT HeY Aol
oy, 253be) 2 7|7l Qo & el AH| 2L ofu] Qi At glon, A AS N4
7} 5k5}7] Mol 49 714+ oln] gl Wshs Wol W% Hale] aTE WSk 4

f714ko] o3k A H7} D 7Hs 4 ol F9it Sl 2@ 4L o x| Al el

succinate2t HMG7} &8} %1 31, tryptophan THAFRF -84 ¥ 5-HIAA, kynurenate 2! indican2]
H3L7E s o] $hAlo] o] | tAtol] FFFE Foh= 7HE S Ale 4= A =]l

¥ succinate?t HMGE] 2 H41 9] 4217} o 7| oful 4] chatel] GgE FEA2 o

=l
935t A3HE Shr}, Succinate= TCA cycle©l| 4] succinyl-CoA synthetase©l|] 2]3lf 7} 2 0 2
succinyl-CoAZ ¥13}sFA U succinate dehydrogenase©l| 23l fumarate=2 7124 0 2 ¥H3HE
T} [20]. SHATF AKA Ol A succinyl-CoA¥E R b 2} TF3- TA| 9] alpha-ketoglutarate= 770l
31 o™ fumarate@} T2 T Q1 malate = %430 AT}, 0] = succinate”} TCA cycleol| A ALLE]
71 TCA cycle THAF AFA| 7} E o) & 2L Th= T2 tjAlell AREH 210 & of AR,

Succinatet= HMG Z42S H/4517] 3] succinyl-CoAZ H3}510] HMG-CoAS Z7HAA
succinate Z427F HMG ZH4x0f] SREE S 7Hs/d ©] 1T} [21]. HMG+= succinyl-CoA2t A9t
5}o] HMG-CoA%} succinateE 3§35t 1 & HMG-CoA+ B-hydroxybutyrate, acetyl-CoA 2

acetoacetyl-CoA /30l 71915} HMG-CoA reductaseS 53l mevalonateS 71 %] cholesterol
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F/dettt [22]. ekl 2 Atol| A Hol Eollo] F ZeAH|E 4ot 4 HMG
S A0 2 B 4 7T T3 HMGY] A+ acetyl-CoAl] A4S 7HA &

Zlo] A succinate2] A2} #Eo] 1S & QUth TS 229 succinatel] A=
J&5o] &K=t succinate= A AFRIZ}QI hypoxia-inducible factordo (HIF1a) S 54 &
&, A st A A 2E ol A QF 81T, succinate receptor 18 B350 R4 A 22 & =5t

-!> 1o
Hu 30 oy

do rlr b

Tty B 15 Qlth[23,24]. T 2-9] succinate= TH 2 HH o] & ¥ ol = o5t A2 o] &g
g} ofjm)g 7] 2-o] = Pojghrhal [25] BaE 3L 9lof g4 ol 9]k succinate] ZH4E o]

& M2 EAFEHA Q1 tAtol] AFE-E| QS 7Hs/d = AT}, Succinate= ¥ = T o] Qlof ]
T H2 WS 7HAA E A= - ofof] tigh A7 HA o At tigt & uHE o] st
+ ol =2&o] =2t [24,26].

Tryptophan<> 2] 7}A] tijAtof] ARG-E|=t| o] 2} ¥Hed ¥ 37}FA] 7714 (5-HIAA, kynurenate
9} indican) 2] ¥3H7}F &= T}, Tryptophan- serotonin O 2 H S+ & 7Ho] 4] 5-HIAAZ T
AtE]o] 4K 0 2 HiZE] =], 5-HIAAE serotonins Bo| EH|5h= Al 21| o] Jh

o &3 ’>‘°El STk [27]. 3 serotonin AN 2 9] shitolm d=sto|my, 2K,

F

2o A2 = AR EAt e o] Qi LA Qlo], 5-HIAAE 2] serotonin
S5 Uebd 5 Q1S #otofyel & A7 AR A B2 A E F Q51T [28]. SU|E-2 AL
A

H -2 1 9] serotonin LA {4 of] 3t BTkt P o] QIuh= H 1 7F Q1O W [29], trypto-
phan T+ serotonin®] o] 34 24 & 5-HIAA 452 F- 2T 4 okl E1E o] §lof
[30,31], o] o] M5 3+ o] ¥ G So|| mx]= Y= At ol dAert 2
4 917eh. 9 serotonin £ Ao 4 T o] A= 7] w20l A Lin] B o] Hskelw Bhatol
04 SHA] A3 & 5-HIAA TraE FUE o] iAo 2 ofsiE S~ Tt [32].

Kynurenate=. tryptophan®] tHAMEZ# 2 § 491 B]elY] B, TE+= H|E}Y] By B ZA] Z7138}
o] £¥o o] Hjdo] F7Fe 4= Qltk [33]. o] Aol A M5 SHA]o] HIEMTI B,9} B.E &
5] 3 5Fo] A kynurenate2] F7} 74 2He| of AHH © = O] kynurenate +H| 7} ZFA5H]Y
S 2% 97 oL} T2 tryptophan TIAFE I 31| 7H4 591 7] wh=eof| o] ol that Kok zpA|atH
A7} = 253t 22 kynurenate?t 1 thAFE A& Agts| 228 dholgt=d| & 7Hg A
© 2 ook AAHAGER A AES 2 AT Qlo] AR T} Al AR EHo] B olof = o]

=22 T M

o

SHIL U3, ol 2B AekE B0l QiTt 34). W Bt AF = Hoista g
SR ke] HeAd = AFE A R [35,36]. 53] HIEFRI B@F 59 Aol &85 7] = 513
o} [37]. o] EA] B2 &5 SF= kynurenate2] 3= 3HA] 9] Q3 7|55 Aot &
0] 2 A0 = ofAXIt}. £5] o]t Aol A kynurenate &+ F ZE|A Eﬂiﬂr BMIStE
Fo| A7 Qloj A HIRE, WA EF Aol e FaSH AU 4= S Ao = & T AA|
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Indican &3} tryptophan®] tHAFHE-Z o]t} Tryptophan- indoleZ B 5}o] tHE 22 tiH o
HH 3 Y A= 2 &5 o] Tt A indican = WIS & AW O 2 Agf BH|H, o
chl A o] 2 835] Balg] x| ka1 Fo 2 0] 2 UM tryptophan indole 2 &3

1 indole2 THA] S4E] o] 7Hof| A indican 2 2 tHAFE T} [38]. whebA] AW indican A5}
off ¥ 4= Fole] A :m7tE 5k QAL [39,40] UMl S| ®iSke] A w7FE & Qlot. whet
Al &R0 A 9] indican®] ¥1SH= 34 o] UMl RSt E 7H4 & 4= Qletal oh= o

oi&hmekm
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SUPPLEMENTARY MATERIAL

Supplementary Table 1

Forty-six urine organic acids determined by LC/MS/MS

Click here to view
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