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Effect and mechanism of Huangkui capsule on reduction of uremic
toxin accumulation in an animal model of chronic kidney disease
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GUO Jian-ming’, DUAN Jin-ao’
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Abstract: Uremic toxins are harmful substances that accumulate in the body when the renal function declines
in patients with chronic kidney disease (CKD). It is an important factor contributing to accelerated progression of
CKD. There is no effective treatment for reducing uremic toxins. As an extensively used medicine for treatment
of CKD in the clinic, Huangkui capsule is effective but the mechanism of its action remains unclear. This study
investigated the effect of Huangkui on the accumulation of uremic toxins in CKD rats, with the discussion about its
mechanism of action. UPLC-TQ/MS was used to detect the accumulation of uremic toxins in CKD rats after oral
gavage with Huangkui. 16S rDNA sequencing technology was used to analyze the gut bacteria composition in
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rats. HPLC-FLD was used to detect the uremic toxins and their molecular precursors in feces. The effect and
mechanism of Huangkui on the uremic toxin precursor in gut bacteria were studied by anaerobic culture system
in vitro. All procedures were approved by the Institutional Animal Care and Use Committee of the Nanjing University
of Chinese Medicine. The results showed that Huangkui (0.675 g-kg') could effectively inhibit the accumulation
of uremic toxin indoxyl sulfate (IS) in CKD rats, with IS concentration in rat's plasma, liver and kidney decreased
by 49.5%, 68.9% and 40.6%, respectively. Huangkui didn't affect the metabolic pathway of IS in host liver, didn't
intervene the process of the IS precursor molecule indole conversion to IS. Instead, Huangkui significantly
decreased the indole content in gut, with the indole in CKD rat's feces decreased by 46.4%, suggesting that the
gut bacteria may be a target for intervene IS biosynthesis by Huangkui. Huangkui didn't affect the abundance of
enterobacteriaceae bacteria (the main gut flora of indole synthesis) in CKD rats, suggesting that Huangkui didn't
interfere with indole biosynthesis by directly affecting the abundance of indole synthesis related bacteria. Huangkui
at 4 000, 400, 40, and 4 pg-mL"' showed a dose-dependent inhibition of the indole production by gut bacteria
in vitro. The bacteria tryptophan transport concentration decreased from 83.4 pmol L' to 43.6 umol- L' after
co-incubated with Huangkui for 12 h, suggesting that Huangkui inhibited indole production of gut bacteria by
interfering with tryptophan transportation. These results indicate that gut bacteria may be a potential target for
alleviation of uremic toxin accumulation and for delaying CKD progression.
Key words: chronic kidney disease; uremic toxin; indoxyl sulfate; indole; gut bacteria; Huangkui capsule
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Table 1 Optimal detection conditions for compounds by UHPLC-TQ/MS. IS: Indoxyl sulfate; pCS: p-Cresyl sulphate

Compound name Ionization mode Parent (m/z) Daughter (m/z) Cone/V Collision/V Retention time/min
IS ES” 212.0319 79.967 7 22 24 2.06
pCS ES” 187.0319 107.046 1 24 22 2.47
Chloramphenicol ES 321.0958 151.798 1 24 18 3.38
Tryptophan ES* 205.095 8 146.095 8 16 18 1.51
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Figure 1 Effect of HK on the IS accumulation in CKD rats. A: Scheme of experimental design; Plasma IS concentration in CKD rats after
ig with HK (B: 0 day; C: 14 day; D: 28 day); IS concentration in CKD rats after ig with HK for 28 day (E: liver; F: kidney); G: Plasma pCS
concentration in CKD rats after ig with HK for 28 day. Normal: n = 5; model and HK: n = 8, x = 5. #P<0.01, #*P<0.001 vs normal group;
"P<0.05, "*P<0.001 vs model group. HK: Huangkui capsule; CKD: Chronic kidney disease

A S | WA Ty S A it i 5 A% R FH R B BR 4K D 1S1Y, B
G4 INETBRR RSN . BB ] R 2 PR AR
TR BRI B BT E A IS 5 &, 47 B 25 ] A L S
IS & BUSRAR I — IR, A PR N IS B

R R B B B 1 R I 1 T DR 4 9 IS AR e
B, 1) K BRUHE B gL, | R AT B4R 48 bl i T IR SO I
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EL, W] W 15 AT e 25 0 oK BRI 3R R T N IS TR
138 28 5 AN B A 28 AIK K BRI 3% B IR i) IS 5
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4 BEEHIFBETEEZWEGIREKREXARTNEE
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Figure 6 Effect of HK active components on the indole production of E. coli. Indole concentration in E. coli culture supernatant and its
Ajgo0nm after co-incubated with 200 umol- L' HK active components for 0-24 h (A: Isoquercetrin; B: Hyperoside; C: Myricetin; D: Quercetin).
n=3,x+s. P<0.05, *P<0.01 vs control group



FEEE: SRR T R K B A P PR A B AR AR T B LA T g -+ 2275

1. The metabolic pathway of IS in intestinal bacteria

¢/ HK inhibited transformation of Trp to indole

2. The metabolic pathway of IS in host liver

¥ 1K didn’t affect transformation of indole to IS

rmrm———— HO,;S0
— i
) . A
é CR: Intestinal CYP450 N
858  wd o | bacteria ol SULTIAI U S
= B Hy ; s

Tryptophan Indole IS

Intermembrane space - e Intermembrane space
e o=
5 \/\,

-
1
Indole l \\\s\l

Trp was transported into bacteria and was transformed to indole

HK intervene Trp transportation and decrease indole production

Figure 7 The metabolic pathway of IS in intestinal bacteria and host liver. Trp: Tryptophan; TanA: Tryptophanase A

NG| L T R TR AN, 238 A% A2 M R AE AR 9 O ME— 5
JRE B, W FLR B, CKD &35 i N AR 8 &
JCEE AN T R N, M T TR A RO A R 2 T,
BUBTEAM E T A IR R AR N & =N, BB P
SR &R, CKD K B 18 P B A B4 18 2 35 9 3,
o R 1 4 1 485 7 €0 S R I, O L il SO0 R A HY
TRARTEART o (HAE, K HIE B 30250 CKD 801 i iE
VT 2R L S AT R R 2 B O T 2 35 R AR A

i T 20 T A AR IR SRS SR FU R B, B3R R A AL
JI 53 T T SIS A W R A S 3 40 ) o T A T RSP T,
P85 R L S B B 73 AE AT 283 1) P 3 4 T 5 S R )
[ B, AN S Wi 240 1 1 2B, 1K 5 B 26 PRI 0 P gl bk
(ELANSEM AR 5% 5 A B = 5 (0 45 R AH — 2. 2 iE 4n
T, G 0 7 A R R T AR (BRI AE, B
RIR 28 WG A8 R B e 38 N0 R N T, S O TR
Bl I8, A 22 AR g gl 22281, 28 e 0 A UL 5 26 e %
3 2 U0 £ R 1 4 T P9 s, DD TS| R R R A2 1Y
Pk, e 2% B AR A TR ATl W A 1 (181 7).

e U EERFHL W, EEEET TIHOR
TR [e4) P 4 11 1A 3z, DT 10 g e Y A 4 R, BRI
Jon i A TS AU i b F By Mg WAk ) B, A 2O
IS TR AR, 8 147 i 8 1 R e 22 5 0 i
R — B A R SR T SRS R 5] A W T
DI SRR, AW TR, TE 5 RE 0 B AL 1 i dE A0
P, TR % PR B 2 AU AR B I 5 AR, R 4] CKD
SHETFRAENER BT L% CKD R E LR, N

CKD a7 it 178 B % -

References

[11 Zhang L, Wang F, Wang L, et al. Prevalence of chronic kidney
disease in China: a cross-sectional survey [J]. Lancet, 2012, 379:
815-822.

[2] Vanholder R, De Smet R, Glorieux G, et al. Review on uremic
toxins: classification, concentration, and interindividual variability
[J]. Kidney Int, 2003, 63: 1934-1943.

[3]1 Meyer TW, Hostetter TH. Uremia [J]. N Engl J Med, 2007, 357:
1316-1325.

[4] Lekawanvijit S, Kompa AR, Wang BH, et al. Cardiorenal syn-
drome: the emerging role of protein-bound uremic toxins [J].
Circ Res, 2012, 111: 1470-1483.

[5] Duranton F, Cohen G, De Smet R, et al. Normal and pathologic
concentrations of uremic toxins [J]. J Am Soc Nephrol, 2012, 23:
1258-1270.

[6] Barreto FC, Barreto DV, Liabeuf S, et al. Serum indoxyl sulfate
is associated with vascular disease and mortality in chronic
kidney disease patients [J]. Clin J Am Soc Nephrol, 2009, 4:
1551-1558.

[7] Lin CJ, Liu HL, Pan CF, et al. Indoxyl sulfate predicts cardiovas-
cular disease and renal function deterioration in advanced chronic
kidney disease [J]. Arch Med Res, 2012, 43: 451-456.

[8]  Vaziri ND, Wong J, Pahl M, et al. Chronic kidney disease alters
intestinal microbial flora [J]. Kidney Int, 2013, 83: 308-315.

[9] Anders HJ, Andersen K, Stecher B. The intestinal microbiota, a

leaky gut, and abnormal immunity in kidney disease [J]. Kidney



y

2276 - 2% % Acta Pharmaceutica Sinica 2019, 54(12): 2267 2276

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Int, 2013, 83: 1010-1016.

Vanholder R, Glorieux G. The intestine and the kidneys: a bad
marriage can be hazardous [J]. Clin Kidney J, 2015, 8: 168-179.
Wong J, Piceno YM, DeSantis TZ, et al. Expansion of urease-
and uricase-containing, indole- and p-cresol-forming and con-
traction of short-chain fatty acid-producing intestinal microbiota
in ESRD [J]. Am J Nephrol, 2014, 39: 230-237.

Lu L, Qian DW, Guo JM, et al. Abelmoschi Corolla non-flavo-
noid components altered the pharmacokinetic profile of its flavo-
noids in rat [J]. J Ethnopharmacol, 2013, 148: 804-811.

Guo JM, Lin P, Duan JA, et al. Application of microdialysis
for elucidating the existing form of hyperoside in rat brain:
comparison between intragastric and intraperitoneal administra-
tion [J]. J Ethnopharmacol, 2012, 144: 664-670.

Xue CF, Guo JM, Qian DW, et al. Absorption of flavonoids from
Abelmoschus manihot extract by in situ intestinal perfusion [J].
Acta Pharm Sin (2% %4}), 2011, 46: 454-459.

Zhou L, An XF, Teng SC, et al. Pretreatment with the total flavone
glycosides of Flos Abelmoschus manihot and hyperoside prevents
glomerular podocyte apoptosis in streptozotocin-induced diabetic
nephropathy [J]. ] Med Food, 2012, 15: 461-468.

Yan W. Binding time--not just affinity--gains stature in drug design
[J]. Nat Med, 2015, 21: 545.

Claramunt D, Gil-Pena H, Fuente R, et al. Chronic kidney disease
induced by adenine: a suitable model of growth retardation in
uremia [J]. Am J Physiol Renal Physiol, 2015, 309:F57-F62.

Li JP, Guo JM, Shang EX, et al. Quantitative determination of
five metabolites of aspirin by UHPLC-MS/MS coupled with
enzymatic reaction and its application to evaluate the effects of
aspirin dosage on the metabolic profile [J]. J Pharm Biomed
Anal, 2017, 138: 109-117.

Ellis RJ, Small DM, Vesey DA, et al. Indoxyl sulphate and kidney
disease: causes, consequences and interventions [J]. Nephrology,
2016, 21: 170-177.

Niwa T, Ise M, Miyazaki T. Progression of glomerular sclerosis
in experimental uremic rats by administration of indole, a pre-

cursor of indoxyl sulfate [J]. Am J Nephrol, 1994, 14: 207-212.

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

Cigarran Guldris S, Gonzalez Parra E, Cases Amenos A. Gut
microbiota in chronic kidney disease [J]. Nefrologia, 2017, 37:
9-19.

Lee J, Jayaraman A, Wood TK. Indole is an inter-species biofilm
signal mediated by SdiA [J]. BMC Microbiol, 2007, 7: 42.

Devlin AS, Marcobal A, Dodd D, et al. Modulation of a circulating
uremic solute via rational genetic manipulation of the gut micro-
biota [J]. Cell Host Microbe, 2016, 20: 709-715.

Li G, Young KD. Isolation and identification of new inner
membrane-associated proteins that localize to cell poles in Esche-
richia coli [J]. Mol Microbiol, 2012, 84: 276-295.

Guo JM, Xue CF, Duan JA, et al. Fast characterization of constit-
uents in HuangKui capsules using UPLC - QTOF-MS with colli-
sion energy and massfragment software [J]. Chromatographia,
2011, 73: 447-456.

Meyer TW, Hostetter TH. Uremic solutes from colon microbes
[J]. Kidney Int, 2012, 81: 949-954.

Akizawa T, Asano Y, Morita S, et al. Effect of a carbonaceous
oral adsorbent on the progression of CKD: a multicenter, ran-
domized, controlled trial [J]. Am J Kidney Dis, 2009, 54: 459-
467.

Newton WA, Morino Y, Snell EE. Properties of crystalline trypto-
phanase [J]. J Biol Chem, 1965, 240: 1211-1218.

Lin Z, Zu XP, Xie HS, et al. Research progress in mechanism of
intestinal microorganisms in human diseases [J]. Acta Pharm Sin
(Z5%24), 2016, 51: 843-852.

Wang Y, Jiang JD. A new research mode of drug PK-PD
mediated by the gut microbiota: insights into the pharmacokinetics
of berberine [J]. Acta Pharm Sin (% % %% {)), 2018, 53: 659-
666.

Zhang JH, Zhang JM, Wang R, et al. Interaction of amoxicillin
and nifedipine mediated by intestinal flora [J]. Acta Pharm Sin
(2575 241%), 2018, 53: 1721-1725.

Gao XJ, Li T, Wei B, et al. Regulatory mechanisms of gut
microbiota on intestinal CYP3A and P-glycoprotein in rats with
dextran sulfate sodium-induced colitis [J]. Acta Pharm Sin (%%

24R), 2017, 52: 34-43.



