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Ulmi cortex is the elm bark or root bark of Ulmus macrocarpa Hance and has been used as an in-
gredient of traditional medicine for anti-inflammatory, analgesic, anti-cancer and wound healing on
both the East and the West. This study investigated whether the Ulmus macrocarpa Hance Water ex-
tract (UMWE) has the in vivo and in vitro immune activating effect. Animals were orally administrated
for 14 days as follows: no treat group with distilled water, cyclophosphamide (CY) group with 120
mg/kg of CY, UMWE 100+CY group with 100 mg/kg of UMWE and 120 mg/kg of CY, UMWE
200+CY group with 200 mg/kg of UMWE and 120 mg/kg of CY, UMWE 100 group with 100 mg/ke
of UMWE and UMWE 200 group with 200 mg/kg of UMWE. The immunosuppressive drug CY was
intraperitoneally injected to induce immune suppression. Spleen indices showed small changes in CY
injected groups but splenocyte indices showed greater decrease in the same groups. However, UMWE
appeared to relieve CY’s immunosuppression. UMWE also delayed in vitro splenocyte death increas-
ing its longevity. These data obtained by MTT assay and 7-amino-actinomycin D which stains prefer-
entially dead than live cells. UMWE alone did not show cytotoxicity based on its apoptototic effect
on splenocytes in vitro and in vivo. Splenic NK cell activity was maintained by UMWE under the pres-
ence of CY in vitro. The data indicated that UMWE protects splenocytes from the immunosuppressive
drug CY under in vitro and in vivo conditions.
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Fig. 1. Spleen and splenocyte indices. Spleen (A) and spleno-
cytes (B) indices from each group were compared.
Results were expressed as mean * standard deviation.
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Fig. 2. Viability of the splenocytes by UMWE. MTT method was
used for measuring cell viability. The viability of UMWE
groups was greater than that of no treat group in vitro
(A). However, in vivo test showed no significant effect
of UMWE (B). Results were expressed as mean * stand-
ard deviation.
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Fig. 3. Cell death delay of splenocytes by UMWE. A. Splenocytes were incubated with the indicated samples as well as 7-AAD
for 24 hr. Top panel showed phase-contrast cells and bottom panel showed fluorescent-stained cells by 7-AAD. B. Cells
at each time point were counted and presented as a graph.
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Total apoptotic cell (%)

Fig. 4. Total splenocyte apoptotic cells measured by annexin V
stain. Splenocytes from each group were mixed with an-
nexin V staining solution and analyzed with a Muse cell
analyzer according to the manufacturer’s manual.
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Fig. 5. UMWE-treated Splenic NK cell activity was enhanced
in the presence of CY. Splenic NK cell activity was as-
sayed against YAC-1 under no treat, CY (1 mg/ml), and
UMWE (100 pg/ml or 300 ug/ml)+CY (1 mg/ml)
conditions. Results were expressed as mean * standard
deviation.

2 FAM 2 A&t AR E BB, A ETIE
Bulgte] ZEA T AZY W& B3 2 NK cell&
WARS 3 A5 el nYTozA 450 700
H5-S 3t} 44 BALB/c moused Al &3 HIAAEZE Al
7HA g2 2790 M mouse BEZLAEQ YAC cello] o) &
NK cell®] #A4E& gttt CYE 1 mg/mlé] F=2 A3
Z7A M vAe 2 v NK cell &40 oF 0.2 ¥ (fold)
golA = Ao 2 vepytth 12y, CYS 374 UMWES 100
ug/mlﬂ} 300 pg/mls #Zo] A gd 27194 UMWE 300 ug/
st WA 203 A9 22 09899 NK cell 240]
UrE]'L]'L 7o) 1% % h(Fig. 5). °l&= UMWE®] CYl <&
AAE Wolsted NK celle BASANATL HZHT
AEHOZ UMWEY 2ol CYoll ot Ao o)
in vitro%} in vivo 2N FEHOZ v HINELE B
&, in vitrool A B NK cell= RE3e] B97]5S
sted 9FE Foa AZE. AR ol @ F=
4 F2E9 93 HIAE B3 d7yFo] g
ATZAHT}L gl HF 2ES
A8 F9 FACS B43 22 2L 48 A37t dof
Ao FF oW Y = Z
oo

2 A F 7%, N0000697) ¥
A (2015AAA179)2] AH] A 9L Hho}
#Uth

References

1. Choi, W. H,, Oh, Y. S., Ahn, J. Y, Kim, S. R. and Ha, T.
Y. 2005. Antioxidative and protective effect of Ulmus da-
vidiana var. japonica extracts on glutamate-induced cytotox-
icity in PC 12 cells. Kor. ]. Food Scl. Technol. 37, 479-483.

2. Cesta, M. F. 2006. Normal structure, function, and histology
of the spleen. Toxicol. Pathol. 34, 455-465.

3. Collins, F. M., Congdon, C. C. and Morrison, N. E. 1975.
Growth of Mycobacterium bovis (BCG) in T lymphocyte-de-
pleted mice. Infect. Immun. 11, 57-64.

4. Dranoff, G. 2004. Cytokines in cancer pathogenesis and can-
cer therapy. Nature Reviews Cancer 4, 11-22.

5. Emadi, A. Jones, R. ]. and Brodsky, R. A. 2009. Cyclophos-
phamide and cancer: golden anniversary. Nat. Rev. Clin.
Oncol. 6, 638-647.

6. Fetterhoff, T. J., Holland, S. P. and Wile, K. J. 1993. Fluores-
cent detection of non-viable cells in fixed cell preparations.
Cytometry Suppl. 6, 27.

7. Goldstein, M. Roos, W. P. and Kaina, B. 2008. Apoptotic



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

death induced by the cyclophosphamide analogue mafosfa-
mide in human lymphoblastoid cells: contribution of DNA
replication, transcription inhibition, and Chk/p53 signaling.
Toxicol. Appl. Pharmacol. 229, 20-32.

. Huang, G. C, Wu, L. S, Chen, L. G, Yang, L. L. and Wang,

C. C. 2007. Immuno-enhancement effects of Huang Qi Liu
Yi Tang in a murine model of cyclophosphamide-induced
leucopenia. J. Erthnopharmacol. 109, 229-235.

. Huyan, X. H,, Lin, Y. P,, Gao, T., Chen, R. Y. and Fan, Y.

M. 2011. Immunosuppressive effect of cyclophosphamide
on white bloodcells and lymphocyte subpopulations from
peripheral blood of Balb/c mice. International Immunophar-
macol. 11, 1293-1297.

Hamerman, ]. A., Ogasawara, K. and Lanier, L. L. 2005. NK
cells in innate immunity. Current Opinion in Immunol. 17,
29-35.

Jeong, J. T. 2007. An analysis of the research of pharmaco-
logical effects for the ulmus davidiana planch. dissertation,
Chosun University, Gwangju, Korea.

Jeong, K. Y. and Kim, M. L. 2012. Physiological activities
of Ulmus pumila L. extracts. Kor. |. Food Preserv. 19, 104-109.
Kim, K. H.,, Kang, I. K,, Kang, E. J., Yang, E. K. and Park,
S. N. 2004. A research trend of natural product on well-be-
ing industry. J. Soc. Cosmet. 30, 329-343.

Koopman, G., Reutelingsperger, C. P. M., Kuijten, G. A. M.,
KeeHnen, R. M. J,, Pals, S. T. and van Oers, M. H. ]J. 1994.
Annexine V for flow cytometric detection of phosphati-
dylserine expression on B Cells undergoing apoptosis. Blood.
84, 1415-1420.

Lee, Y. ]. and Han, J. P. 2000. Antioxidative activities and
nitrite scavenging abilities of extracts from Ulmus devidiana.
J. Kor. Soc. Food Sci. Nutr. 29, 893-899.

Lee, S. E, Kim, Y. S, KIm, J. E, Bang, J. K. and Seong,
N. S. 2004. Antioxidant activity of Ulmus davidiana var.ja-
ponica N. and Hemipteleae davidii P. Kor. ]. Medicinal Crop.
Sci. 12, 321-327.

Lee, E. H., Park, C. W. and Jung, Y. J. 2013. Anti-inflamma-
tory and immune-modulating effect of Ulmus davidiana var.
japonica Nakai extract on a macrophage cell line and im-
mune cells in the mouse small intestine. J. Ethnopharmacol.
146, 608-613.

Lee, H. Y, Kim, C. K, Sung, T. K, Mun, T. K. and Lim,
C. J. 1992. Antibacterial activity of Ulmus pumila L. extract.
Kor. |. Appl. Microbiol. Biotechnol. 20, 1-5.

Lee, K. H,, Cho, C. H. and Yoon, W. H. 2004. In vivo anti-
tumor activity of mansonone E isolated from Ulmus da-

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

Journal of Life Science 2016, Vol. 26. No. 1 115

vidiana var.japonica NAKAL Kor. . Pharmacogn. 35, 199-202.
Lafreniere, R. and Rosenberg, S. A. 1985. Successful im-
munotherapy of murine experimental hepatic metastases
with lymphokine-activated killer cells and recombinant in-
terleukin 2. Cancer Res. 45, 3735-3741.

Leung, H. Y., Ma, C. W, Tang, Q. T. and Ko, K. M. 2011.
Long-Term treatment with a compound polysaccharide-
based health product (InfinitusPolysac Plus) enhances in-
nate and adaptive immunity in mice. Chinese Medicine 2,
178-185.

Mosmann, T. 1983. Rapid colorimetric assay for cellular
growth and survival: application to proliferation and cyto-
toxicity assays. |. Immunol. Methods 65, 55-63.

Pak, C. H. 1999. Korean Folk Medicine, pp. 53, PNU Press,
Korea.

Park, J. S., Shim, C. J,, Jung, J. H,, Lee, G. H,, Sung, C. K.
and Oh, M. ]. 1999. Antimicrobial activity of ulmi cortex
extracts. J. Kor. Soc. Food Sci. Nutr. 28, 1022-1028.
Parham, P. 2009. The Immune System, pp 21-22, 3rd edition.
Garland Science: New York, NY, USA.

Seo, B. I, Ju, Y. S, Choi, H. Y., Park, Roh, S. S., Koo, ].
S, Kim, J. J. and Kim, D. Y. 2011. [llustrated Book of Herbal
Plants in Oriental Medicine, pp. 353-357, DaeWondang,
Korea.

Schmid, I, Uittenbogaart, C. H., Krall, W. ], Braun, J. and
Giorgi, J. V. 1992. Dead cell discrimination with 7-ami-
no-actinomycin D in combination with dual color immuno-
fluorescence in single laser flow cytometry. Cytometry 13,
204-208.

Shimizu, S. 2004. The Laboratory mouse. Elsevier.

Wang, ], Tong, X, Li, P, Cao, H. and Su, W. 2012. Immuno-
enhacement effects of ShenqiFuzheng Injection on cyclo-
phosphamide-induced immunosuppression in Balb/c mice.
J. Ethnopharmacol. 139, 769-775.

Winkelstein, A. 1973. Mechanism of Immunosuppression :
Effects of Cyclophosphamide on Cellular Immunity. Blood
41, 273-284.

Yang, Y. L, Kim, Y. ], Kim, K. H. and Oh, E. G. 2001. Sepa-
ration of glycoprotein and its anticancer immunostimulat-
ing activity from dried barks of slippery elm [Ulmus parvifo-
lia]. Kor. ]. Biotechnol. Bioeng. 16, 547-553.

Yang, S. X. and Li, X. Yu. 1990. Enhancement of T lympho-
cyte proliferation and suppression of antibody producing
cell formation by methionine-enkephalin. Acta Pharmacolog-
ica Sinica 11, 355-359.



116

BBULRIX| 2016, Vol. 26. No. 1

5 ZLELT FE20| st HIFME YEE I NK cell ME=SY 571

oM. Zlddg'. ool . o|ZEET . HeH?T . A . g F?T . D06 . 22D HAg T

(Eodstn Qg st S ostn AFGFst sty AEFe, Foista dosty, g e
o AL, R o, QIEH?ihT’_ Friatg A dAlH)

Ao g AL HA Srkste FAH, Jefdl HAd=S o8 WY $4 BdE AT I
2ie AP Yok FEFUF AL 27 52 Foo Ade %o AR A% T A ol FY,
ANE, T, BAARA AHEH v & dF& S=FUr 95 FE2=(Ulmus macrocarpa water extract,
UMWE)o] H¥7]5d 7X& 43S 2A87] 8 AAEAY. 43 UMWEE % 100 mg/kg £+ 200
mgkgZ 2oj¢t ¥, UMWE ¥% 100 mg/kg =& 200 mg/kglZ 2 01’3}”“1 dAAEdd cyclo-
phosphamide (CY, 120 mg/kg)E F% &, CYTh& T &, o}F AL AeatA g2 WAL, T 67 &2
2 o] 2330 Al Aolstd A AT 4 LolM G5 HRAFS HRAL AFE HusE |
UMWE #o|7} CYell 93 mAA Y] 22 f8A7s Ao2 Yegon, in vitro A MTTHH
7-amino-actinomycin D WH < T3 HIAAEY HES FASH AEES Adste Aol FAHNG. EF,
UMWEE YAC-1e i@t v NK Al 24 A9 4AA CY7F EAshs =AM s A3H 02 FAAA ©

4715 frAld 9Fe F£ A= Yey




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


