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Exploring the protective mechanism of Tibetan medicine Potentilla
anserine on cyclophosphamide-induced myelosuppression based on
metabonomics technology
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Abstract: The study aims to explore the effects and mechanisms of water extract of Potentilla anserina (PA)
on myelosuppression mice induced by cyclophosphamide based on metabonomics. The myelosuppressive mouse
model was established by injected with cyclophosphamide and treated with water extract of PA. Thymus and
spleen indexes, peripheral hemogram and bone marrow nucleated cells of each group was detected. Bone marrow
pathology analysis was performed by hematoxylin-eosin staining. The levels of interleukin 3 (IL-3), interleukin 6
(IL-6), erythropoietin (EPO), granulocyte colony stimulating factor (GM-CSF), malondialdehyde (MDA), superoxide
dismutase (SOD) and catalase (CAT) in serum were measured. The changes of biomarkers and related metabolic
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pathways were analyzed by UPLC-Q-TOF/MS-based metabonomics. Animal experiments were approved by the

Animal Ethics Committee of Southwest Minzu University. The high doses of PA could significantly improve the
decrease of white blood cell (WBC), red blood cell (RBC) counts and hemoglobin (HGB) levels of mice induced
by cyclophosphamide (P < 0.05), and significantly increase the number of nucleated cells and the area of hemato-

poietic tissue in femoral bone marrow. The medium and high doses of PA could significantly improve the serum
levels of SOD, CAT, MDA, IL-6 and GM-CSF (P < 0.05), and have no significant effect on the expression of IL-3

and EPO (P > 0.05). Serum metabolomics analysis showed that the aqueous extracts of PA could alleviate myrosup-

pression by regulating the aminoacyl-tRNA, valine, leucine and isoleucine biosynthesis mediated by 13 different

metabolites such as valine, leucine, asparagine and hydroxyisohexic acid. PA improve the inhibition of hematopoietic

function in myelosuppression mouse, and its mechanisms may be related to anti-oxidation and promoting the

expression of hematopoietic-related cytokines and regulating the related metabolic pathways.
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Table 1 Effects of Potentilla anserine (PA) on the thymus and
spleen indexes of myelosuppression mice induced by cyclophos-
phamide. n = 10, x £ 5. "P < 0.05 vs CON; "P < 0.01 vs MOD.
CON: Control; MOD: Model; PA-L: Potentilla anserine extract in
low dose, 1 g-kg"; PA-M: Potentilla anserine extract in middle dose,
2 g'kg'; PA-H: Potentilla anserine extract in high dose, 4 g-kg";
rhG-CSF: Recombinant human granulocytes colony stimulating

factor, 10 ug-kg”

Group Thymus index/mg-g”' Spleen index/mg-g
CON 3.14+0.80 4.3240.56
MOD 1.55+0.39" 3.23 +0.60"
PA-L 2.06+0.56 4.13+£1.14
PA-M 1.99+£0.70 3.82+0.72
PA-H 1.69 +£0.56 3.77+0.83
thG-CSF 2.06 +0.39 5.36+0.74"
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Table 3  Effects of PA on the bone marrow nucleated cells of
myelosuppression mice. n = 10, x = s. P < 0.01 vs CON;

"P<0.05,"P<0.01 vs MOD

Group Bone marrow nucleated cells
CON 8.62 + 1.41
MOD 45+1.31"
PA-L 438+ 1.06
PA-M 6.25+0.89"
PA-H 6.50+1.77°
thG-CSF 10.1+1.36"

Figure 1 Representative microscopic sections of bone marrow

demonstrating histological changes (HE staning, x200)
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Table 2 Effects of PA on the peripheral hemogram of myelosuppression mice. n = 10, x + 5. "P < 0.05, P < 0.01 vs CON; "P < 0.05,
“P<0.01 vs MOD. WBC: White blood cell; RBC: Red blood cell; HGB: Hemoglobin; PLT: Platelet

Group WBC/x10°-L" RBC/x10°-L" HGB/g-L" PLT/x10°-L"
CON 5.53+1.33 7.78 +£0.37 131.2 + 8.00 1200.44 + 138.66
MOD 1.97 +0.85% 6.37 +0.53% 107.3 £ 10.60% 976.88 + 122.03"
PA-L 2.86+0.58 6.78 + 0.54 111.4+7.62 894.9 + 154.59
PA-M 3.43+0.70 7.11 +£0.59 120.1 £9.15" 927.8 +202.59
PA-H 4.05+1.13" 7.01 +0.68" 122.7 +12.53" 963.22 + 154.53
rhG-CSF 11.66 +2.35™ 6.79 + 0.42 119.7 + 8.38" 959.3 + 163.20
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Table 4 Effects of PA on the SOD, MDA and CAT levels of
myelosuppression mice. n =10, x 5. “P < 0.01 vs CON; "P < 0.05,
“P <0.01 vs MOD. SOD: Superoxide dismutase; MDA: Malondi-

aldehyde; CAT: Catalase

r MDA/nmol - r
Group SOD/U-mL L CAT/U-mL
CON 152.52 +7.07 6.35+1.73 6.02+0.73
MOD 117.01 = 18.84"  17.55+3.58"  3.29+0.59"
PA-L 135.18 £ 11.46°  12.45+2.94" 435+0.84
PA-M 141.18 £ 15317 1228 +3.28" 531+1.08"
PA-H 142.52 +11.757 1046+ 1317 551 4+0.64"
rhG-CSF 138.83 + 6.20° 10.97 2377 4.99+0.48"
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Table 5 Effects of PA on the hematopoiesis-related cytokines in the serum of myelosuppression mice. n = 10, x+s. P <0.01 vs CON;
"P<0.05,"P<0.01 vs MOD. GM-CSF: Granulocyte macrophage colony stimulating factor; IL-6: Interleukin 6; EPO: Erythropoietin; IL-3:

Interleukin 3

Group GM-CSF/ng-L"! IL-6/ng-L" EPO/ng-L" IL-3/ng-L"
CON 284.28 £29.26 17.04 +2.68 26.14+2.23 116.41 +7.31
MOD 175.36 +37.20" 9.91 + 1.90% 29.63 + 4.74 101.09 + 11.17
PA-L 203.04 £ 40.65 10.92 £2.08 27.12+3.72 102.87 £20.38
PA-M 232.74 + 19.80" 14.07 +2.82° 30.21 £ 4.47 117.46 + 12.84
PA-H 225.11 £ 33.00° 13.52 +1.27° 29.69 +5.30 107.49 £ 13.60
thG-CSF 229.36 +23.56" 15.47+2.75" 25.76 + 4.81 114.69 +22.31
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Figure 2 Metabolomics profiling analysis of plasma samples. A: PCA score plots in positive ion mode; B: PLS-DA score plots in positive

ion mode; C: PLS-DA validation plot in positive ion mode; D: PCA score plots in negative ion mode; E: PLS-DA score plots in negative ion

mode; F: PLS-DA validation plot in negative ion mode. PCA: Principal component analysis; PLS-DA: Partial least squares discriminant

analysis
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Table 6 Differential metabolites in plasma after treated with PA-H. RT: Retention time; VIP: Variable importance in projection; ESI: Elec-

tron spray ionization. “P<0.05,%P<0.01; " P<0.05 "P<0.01

. Fold Experimental ESI Trend
No. Metabolite Formula RT/s VIP h y mod MOD/ PA-H/
change m/z ode CON MOD
1 Hydroxyisocaproic acid CH,,0, 148.36 2.90 0.44 131.07 - 1 ## | o
2 N-Acetylcytidine C, H N,O, 164.28 3.19 0.40 284.09 - 1 ## | #x
3 Pseudouridine C,H )N,O, 237.94 2.57 0.70 243.06 - T# | #*
4 Asparagine C,HN,O, 237.73 1.05 0.72 153.03 - T# | **
5 N-Acetyltryptophan C,H,N,O, 189.52 2.84 0.63 245.09 - T# | **
6 Valine C,H, NO, 293.15 1.88 1.32 116.07 - | ## T
7 PE(18:0/18:2(9Z,127)) C, H,NOP 146.28 4.64 1.29 742.54 - L ## T o*x
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9 PE(P-18:0/22:6(42,7Z,10Z,13Z,16Z,1927)) C,H,NO.P 141.93 4.26 1.47 774.55 L# T
10 LysoPE(18:2(9Z,127)/0:0) C,H,NO.P 195.15 5.74 1.51 476.28 - L# T #x
11 Leucine CH,,NO, 256.91 2.12 1.42 132.10 + | ## T
12 2-Amino-1-phenylethanol CH, NO 250.37 3.63 1.29 120.08 + | ## T
13 Ectoine CH N,O 328.23 2.13 2.02 143.08 + L # 7%
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Figure 3 Metabolic pathway enrichment analysis of the differen-

tial metabolites
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