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Mechanism of Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal
pair on renal damage of spontaneously hypertensive rats based on miRNA
sequencing technology
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Abstract: Objective To explore the mechanism of Huangqi (Astragali Radix) and Danshen (Salviae Miltiorrhizae Radix et
Rhizoma) herbal pair on renal damage of spontaneously hypertensive rats by regulating miRNA based on miRNA high-throughput
sequencing. Methods Nine WKY rats were used as control group, spontaneously hypertensive rats were randomly divided into
Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair (3.4 g/kg) group and model group, with nine mice in each
group. Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair were given to intervene, blood pressure was measured
and pathological changes of renal tissue were observed. miRNA sequencing experiments were performed to determine the differential
expression profiles of miRNAs. Results After 4 weeks of intervention with Astragali Radix and Salviae Miltiorrhizae Radix et
Rhizoma herbal pair, compared with model group, blood pressure of rats was significantly reduced (P < 0.01), glomerular lobules of
rats were not obvious, and mesangial hyperplasia was reduced. Compared with control group, 115 differentially expressed miRNAs
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in model group were screened, of which 68 differentially expressed miRNAs were up-regulated and 47 differentially expressed
miRNAs were down-regulated; Compared with model group, 91 differentially expressed miRNAs in Astragali Radix and Salviae
Miltiorrhizae Radix et Rhizoma herbal pair group were screened, of which 67 differentially expressed miRNAs were up-regulated
and 24 differentially expressed miRNAs were down-regulated. The results of gRT-PCR verification of differentially expressed
miRNAs showed that expressions of miRNA-142-5p, miRNA-3585-5p, miRNA-219a-5p, miRNA-122-5p and miRNA-125b-1-3p were
consistent with the trend of miRNA sequencing results. The target gene prediction and function enrichment results of differentially
expressed miRNAs showed that the function of gene ontology (GO) was mainly enriched in anion transmembrane transport,
presynaptic, protein serine/threonine kinase activity, etc., Kyoto encyclopedia of genes and genomes (KEGG) pathway was mainly
enriched in mammalian target of rapamycin (mTOR), mitogen-activated protein kinase (MAPK), autophagy, adenosine
monophosphate-activated protein kinase (AMPK) signaling pathway and other pathways. Conclusion miR-219a-5p, miR-3585-5p
and miR-142-5p may be the direct targets of Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair to delay the
progression of renal damage in hypertension.

Key words: Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair; hypertensive renal damage; miRNA sequencing;

spontaneously hypertensive rats; bioinformatics analysis
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Table 2 Effect of Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair on blood pressure of spontaneously

hypertensive rats (X +s,n=29)

0 e ~ . IfiL/mm Hg
A Mg keT) R BhE | RBREBLA  RURE2A  GAREIA | BEREAN
Xt — W4 132.89+11.42 1321741076  131.25+10.12  130.69+9.96 129.454-8.76
#F5k 109.41+10.17  106.78+11.32  104.65+9.93 102.894-9.57 100.184-10.08
Rt — e 198.76£5.72%  196.89+5.98%  194.37+4.97%*  192.63+4.68* 191.75+5.05%
#F5k 171.384-6.64%  169.12+543%  166.5416.12%  164.19+5.36 163.07+4.91#
Eibal 34 Wi & 199.24+4.46  190.63+3.98 183.924+4.09*  179.12+4.14**"  173.424+4.96""
#TK 17057+5.48  165.88+7.12 161.77+6.34 158.484-5.96*" 150.17 +6.99**

H5RMAL TR *P<0.05 *P<0.01; SxtIRARK AL #P<0.01; SEAIH MM AL 4P<0.05 44P<<0.01 (1 mm Hg=133 Pa)
*P<0.05 ™P <0.01vssame group before administration; #P < 0.01 vs control group at the same time; “P < 0.05 ““P < 0.01 vs model group at the

same time (1 mm Hg = 133 Pa)
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1 BE-ASAMNMBAMSIEKRRBARREEL
AN (HE, X100)

Fig. 1 Effect of Astragali Radix and Salviae Miltiorrhizae

Radix et Rhizoma herbal pair on kidney pathological
changes of spontaneously hypertensive rats (HE, < 100)
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Fig. 2 Heat map of differential expression miRNA of kidney tissue in comparison between model group and control group
(A), comparison between Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair group and model group (B)
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Fig. 3 Volcano map of differential expression miRNA of kidney tissue in comparison between model group and control group

(A), comparison between Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair group and model group (B)
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Table 3 Analysis of differentially expressed miRNA in kidney of rats in each group

FETAH vs ) HEZH PSRN vs IR T4
# 5% miRNA P{H FC # 5 miRNA P i FC
miR-219a-2-3p 7.14X1072% 127 miR-874-5p 0.031 304 297 2.75
miR-466b-2-3p 0.012 522 193 4,333 333333 miR-702-3p 0.035 273 306 2.666 666 667
miR-219a-5p 0.017 459 335 3 miR-122-5p 4.99%x1077 2.496 183 206
miR-3585-5p 0.002 117 97 2.333 333333 miR-1-3p 8.99X10°° 2.301 587 302
miR-142-5p 0.003 815 719 1.531 687 452 miR-484 0.004 801 115 2.172 413 793
miR-135b-5p 5.80X 10712 0.163 934 426 miR-219a-5p 0.008 236 482 0.333 333 333
miR-879-5p 0.014 483 243 0.166 666 667 miR-497-3p 0.002 565 926 0.352 941 176
miR-181b-2-3p 0.003 674 443 0.166 666 667 miR-3585-5p 0.000 780 65 0.440 476 19
miR-802-3p 5.87X 10718 0.278 276 481 miR-19a-3p 9.56xX 10710 0.487 243 831
miR-346 0.030 379 039 0.285 714 286 miR-142-5p 4.00X1071 0.498 504 487
47 A I gRT-RCR 3 B @ gRT-RCR
B MiRNA Ml)eg B MiRNA leg
3 -
2 -
g 2 Q
1 -
1 .
0- 0
& s & s & & & &
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Fig. 4 gRT-PCR verification of differentially expressed miRNA in comparison between model group and control group (A),
comparison between Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair group and model group (B)
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5 REBSITRAELLE (A). RR-ASAMASKRAAELR (B) ZRFIE miRNA BBERFR GO hEEEE 2 (AT 10)
Fig. 5 GO function enrichment analysis of differentially expressed miRNA target genes in comparison between model group
and control group (A), comparison between Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair group and
model group (B) (top 10)
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Fig. 6 KEGG pathway enrichment analysis of differentially expressed miRNA target genes in comparison between model
group and control group (A), comparison between Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair group
and model group (B) (top 30)
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2L R LK mIRNA S5, SRR P miRNA JE, R~k miRNA SE R PR mRNA
Red indicates up-regulated miRNA genes, green indicates down-regulated miRNA genes, blue indicates mMRNA targeted and regulated by miRNA
7 EBESXRALR (A). BER-FASAFMEASKREALR (B) ERFIX mRNA SEHERMLEE
Fig. 7 Network diagram of differentially expressed miRNA and target genes in comparison between model group and
control group (A), comparison between Astragali Radix and Salviae Miltiorrhizae Radix et Rhizoma herbal pair group and model
group (B)
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