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Table S1. Frankincense nutraceutical (FN) capsule/pill contents and concentrations of boswellic and lupeolic acids per capsule/pill.

Capsule/Pill Contents of Boswellic and Lupeolic Acids per Capsule/Pill [mg/unit]
Salr:nl\:)le Content [mg/unit] Deacetylated Compounds Acetylated Compounds CZ:\:ZLt

Mean SD KBA LA a-BA B-BA AKBA ALA o-ABA B-ABA ()
FN1 502.1 14.2 12.9 3.4 10.3 28.9 1.8 1.2 2.4 74 68.3
FN2 503.1 44 18.6 5.7 16.1 43.2 2.8 2.0 4.0 12.1 104.5
FN3 489.8 13.9 10.6 3.1 8.9 259 21 1.2 2.2 6.8 60.9
FN4 336.4 15.9 32 22 6.7 21.1 6.3 2.6 5.0 15.6 62.7
FN5 584.3 6.3 2.0 0.7 2.0 54 1.7 0.5 11 3.3 16.8
FN6 567.1 7.6 21.6 8.5 22.0 61.8 44 3.3 6.7 20.8 149.1
FN7 809.8 5.0 0.2 0.1 0.3 0.4 0.9 0.2 0.5 0.9 3.5
FN8 346.8 14.9 0.4 0.2 0.4 1.1 26.2 0.4 0.6 1.7 30.9
FN9 380.7 12.4 13.0 6.5 17.7 45.9 14.1 5.3 9.3 24.2 135.9
FN10 415.0 6.8 2.4 0.9 2.3 53 14.0 22 3.4 5.0 35.5
FN11 375.4 0.9 1.8 1.0 2.5 7.6 11.3 21 3.8 6.3 36.3
FN12 418.0 9.1 1.9 0.9 2.2 59 13.1 2.3 3.3 55 35.1
FN13 390.7 8.7 17.2 6.4 17.8 45.8 12.4 44 7.5 19.8 131.3
FN14 700.9 5.6 27.3 10.1 244 68.9 29 24 4.6 14.5 155.2
FN15 659.6 8.7 9.3 4.0 10.3 28.0 7.8 2.7 4.4 11.6 78.2
FN16 449.4 1.2 19.0 74 214 53.4 16.6 5.3 9.1 25.0 157.3

FN capsule/pill contents (1 = 3) and concentrations of boswellic and lupeolic acids per capsule/pill as analyzed by HPLC-MS/MS
(n =3 in duplicates). KBA, 11-keto-B-boswellic acid; LA, lupeolic acid; a-BA, a-boswellic acid; B-BA, B-boswellic acid; AKBA,
acetyl-11-keto-B-boswellic acid; ALA, acetyl-lupeolic acid; a-ABA, acetyl-o-boswellic acid; B-ABA, acetyl-p-boswellic acid.
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Table S2. Frankincense nutraceuticals (FNs) inhibit cytokine production by LPS-activated whole blood and isolated PBMC.

Whole Blood (1 =5) PBMC (n=7)
N TNF-a [%] IL-10 [%] TNF-a [%] IL-1B [%] IL-6 [%] IL-8 [%] IL-10 [%]
Sample Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
FN1 88.3 8.7 80.2 16.4 112.2 37.7 122.5 27.2 104.1 26.4 93.0 13.7 57.6 16.6
FN2 87.9 5.6 92.3 11.3 43.7 21.6 120.1 29.6 19.9 11.7 26.8 9.3 28.4 12.8
FN3 55.7 10.9 89.1 17.9 137.6 49.6 141.6 224 93.5 249 84.6 11.7 47.0 11.4
FN4 90.3 5.7 90.4 9.6 14.4 7.2 90.8 38.4 7.2 3.3 14.4 4.8 21.6 114
FN5 93.0 8.1 80.6 13.0 179.8 49.0 92.8 17.1 133.1 24.0 114.5 13.3 85.0 21.6
FN6 76.1 79 68.9 214 22.1 12.5 68.3 19.9 11.6 6.5 17.6 6.7 26.4 14.6
FN7 92.3 10.2 77.6 14.4 207.1 57.2 171.3 49.7 246.4 88.6 178.5 62.2 86.1 23.9
FN8 92.0 9.5 67.4 5.1 101.7 35.7 100.9 22.3 112.1 42.7 70.9 17.2 63.4 19.2
FN9 75.0 5.6 70.3 8.0 22.5 13.3 59.8 15.4 8.1 4.6 13.5 4.1 24.5 13.6
FN10 79.2 6.4 77.0 6.7 61.5 23.8 58.3 14.1 57.6 21.5 50.9 11.1 30.0 12.0
FN11 81.7 8.0 80.3 8.6 60.6 20.3 87.4 32.0 46.1 14.4 47.3 12.0 274 11.0
FN12 80.2 7.0 62.4 12.1 106.5 384 71.2 13.3 85.7 33.8 67.4 19.1 55.6 24.3
FN13 85.4 7.7 81.9 9.9 18.2 9.6 82.5 28.6 6.7 3.1 16.5 44 249 13.6
FN14 91.8 9.3 93.4 3.6 67.3 18.3 1224 37.0 35.0 14.3 459 144 32.5 134
FN15 56.7 14.3 80.7 20.4 76.1 249 98.2 38.2 49.5 16.7 61.0 14.7 35.5 15.4
FN16 97.6 9.7 74.8 16.8 26.1 11.9 58.5 21.9 12.4 8.1 22.2 10.8 24.3 12.3

Whole blood was pretreated with 30 pg/mL FNs (each) and PBMC with 10 pug/mL FNs (each) for 20 min and stimulated with LPS (10 ng/mL) for 18 h. Cytokine
release was analyzed by ELISA and flow cytometry using CBA beads. LPS-stimulated control group without FN treatment = 100%, n = number of donors.
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Table S3. Boswellic and lupeolic acids inhibit cytokine production by LPS-activated PBMC.

TNEF-a [%] IL-1B [%] IL-6 [%] IL-8 [%] IL-10 [%]
Compound

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

KBA 101.3 7.2 71.5 18.0 94.0 260 1063 307  96.1 20.9
LA 1405 294 1764 365 1058 155 92.2 10.6 89.5 12.6
o-BA 1148 262 1287 165 96.0 19.3 88.9 125 113.0 220
B-BA 81.8 18.1 76.7 10.6  55.6 10.0 71.9 13.3 77.2 15.0
AKBA 53.5 179 448 14.3 61.6 19.4 60.8 15.9 86.0 259
ALA 888 264 911 15.1 84.3 24.1 79.5 15.8 92.3 20.2
o-ABA 84.6 15.2 84.5 15.0 76.8 14.8 79.1 9.5 1042 251
B-ABA 65.0 15.6 62.6 11.5 593 15.1 64.1 10.3  101.3 264

PBMC were pretreated with BAs and LAs (3 pg/mL, each) for 20 min and stimulated with LPS (10
ng/mL) for 18 h; cytokine release was analyzed by flow cytometry using CBA beads. LPS-
stimulated control group without compound treatment = 100%, n = 6 donors. KBA, 11-keto-f-
boswellic acid; LA, lupeolic acid; a-BA, a-boswellic acid; f-BA, B-boswellic acid; AKBA, acetyl-11-
keto-B-boswellic acid; ALA, acetyl-lupeolic acid; a-ABA, acetyl-a-boswellic acid; B-ABA, acetyl-B-
boswellic acid.
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Figure S1. Correlations between contents of individual boswellic and lupeolic acid in frankincense
nutraceuticals (FNs), FN cytokine inhibitory efficacies, and FN cytotoxicity against the MDA-MB-231
triple-negative breast cancer cell line (ICs0). KBA, 11-keto-B-boswellic acid; LA, lupeolic acid; a-BA, o-
boswellic acid; B-BA, B-boswellic acid; AKBA, acetyl-11-keto-B-boswellic acid; ALA, acetyl-lupeolic
acid; a-ABA, acetyl-a-boswellic acid; B-ABA, acetyl-B-boswellic acid. Analysis of correlation was done

by Spearman’s rank correlation (1 = 16). Spearman’s correlation coefficients are shown as upper
number, p values are colored according to the significance level and are shown beneath; red, no
correlation.
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Figure S2. Preferential toxicity of FN1, AKBA, and B-ABA against MDA-MB-231 cells compared to
PBMC. (a) FN1, (b) AKBA, and (c) B-ABA. XTT assay, 72 h, mean + SEM, n = 3.
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