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Abstract

In this study, we investigated the variation in free sugars, amino acids, antioxidant activity, and anti-inflammatory
activity of Solanum nigrum Linne based on harvest time. Major amino acids identified by HPLC analysis were
proline, histidine, and serine. The highest content of total amino acids were found in S. nigrum aerial parts and
roots harvested on July 10th and August 10th. Four kinds of free sugars (fructose, glucose, sucrose, maltose) were
detected in S. nigrum, and the free sugar content varied significantly with harvest time. The fructose content of
S. nigrum decreased with as harvest time increased. The total polyphenol content of S. migrum was highest in
those harvested on August 30th. The antioxidant activity of ethanol extract from S. nigrum collected at different
harvest times were measured by DPPH and ABTS radical scavenging assays. The anti-inflammatory activity of
these extracts were assayed via nitric oxide suppression in C6 glioma cells with a lipopolysaccharide (LPS)-induced
inflammatory response. The anti-inflammatory activity and antioxidant effects were the highest in the extract from
S. nigrum collected on August 30th. Good correlations were observed between antioxidant and anti-inflammatory
activities in ethanol extract of S. migrum roots harvested on August 30th.
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Table 1. The weight of Solanum nigrum parts depending on
harvest time

Harvest time Fresh weight

Dry weight Dryffresh weight Root weight

(date) (g/plant) (¢/plant) ratio (%) (g/plant)
Tul. 10 273£25" 68.1£5.1° 249124 94,7
Aug. 10 DA 7732480 239827 94+6.4°
Aug. 30 352431 84.845.6" 24.142.6° 9859
Sep. 10 310234 76.5+43° 246121 89+6.1%

YEach value represents the mean+SD of three determinations.
IMean with different superscripts (a,b) are significantly different at p<0.05 by Duncan’s
multiple range test.

Table 2. The harvesting time and parts of Solanum nigrum for
this test
Samples Parts Harvest time

A July 10th
August 10th
August 30th
September 10th
July 10th
August 10th
August 30th
September 10th

Aerial part

Root
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Table 3. Soluble solid content in ethanol extract of Solanum nigrum depending on harvest time

Samples

Item
A B C

E F G H

Soluble solid (mglg) ~ 73.2+43" 84.3+4.8 86.2£5.5

81.7+4.1

324431 382434 37.64.2 394+3.6

YEach value represents the meantSD of three determinations.
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Table 4. Free sugar content in water extract of Solanum nigrum
depending on harvest time

(%)
Sample Fructose Glucose Sucrose Maltose
A 1.2420.17" 0.72+0.16 ND” 0.20+0.06
B 1.35£0.20 0.60£0.09 0.19+0.07 0.30£0.07
C 1.14£0.06 0.6420.09 0.34+0.07 0.13£0.04
D 0.97+0.11 0.4420.04 ND ND
E 0.71+0.09 0.02+0.01 ND 0.19+0.04
F 0.710.10 0.52+0.11 0.03+0.01 0.06+0.01
G 0.33+0.03 0.330.04 0.13£0.04 0.110.04
H 0.18+0.04 0.08+0.03 ND ND
UEach value represents the meanzSD of three determinations.
IND, not detected.
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Table 5. Amino acid contents in Solanum nigrum depending on harvest time

ZFAAF583 A A23H A6Z (2016)

(mg%)
Amino acids A B C D E F G H
Aspartic acid 9.85+2.30" 14324435 54284850 4863830 2810236 54401688 46051328  34.31%265
Serine 1374842265  22961£2136  423.0043657 327514632 1320442142 2095642630 44758250 54744832
Glutamic acid 55.75+6.22 41.14+9.52 04841630 89384890  3478:1212  107.55t1062  77.64t464 3413150
Glycine 50.506.94 50.82+7.38 2636482 28.62+5.63 9.0043.55 787034 20.1541.85 3.80+0.08
Histidine 180.52422.64  23056£27.56  14432%1265  132.68+2064 1101441336  12238%1054  13.342.00 15.9443.36
Arginine 71.88+18.02 05.37+1824 3574671 2739:456 4617640 34424360 35841342 1241128
Threonine 42824571 5437t1116 23172233 16601160 25441222 19.75+4.80 19.49+2.18 7.88+0.50
Alanine 103.28+1666 12079866  72.68t10.10 4334680 46564434 73862632 7495602 19.3742.70
Proline 17060£1320  25035:1701 76491323 5217£1536 1438741534 67.14%720  30.63tl64 1883842240
Cystine 31.92+2.88 39.87+4.36 206143.66 15.82£3.45 7.44£1.80 827+1.04 2.19+0.12 3414008
Tyrosine 90.40+15.42 101.15+7.65 36604854 37654732 2063266 7114146 8.9242.82 2.96+0.10
Valine 109.34+1155  14148+3366  90.06t1050  7921+1070  4796+348 3266305 4621364 16.0443.64
Methionine 35.5044.85 38.69+5.90 20314242 2040+4.88 8.84+1.40 6.50£022 6.95+142 2,05+0.08
Lysine 70.29+12.74 95461212 3341+7.02 16341094 32691386 23351310  27.6242.94 7.84+154
Isoleucine 76.36+7.68 9220£1430  6L16:808 58724638 3465330 23343468 31824254 9.68+0.76
Leucine 136234865  15749+1580  8937+1630 70634942 5296405  3831£2.10 4876612 13.59+1.30
Phenylalanine 138761720 17539:2661  109.03%1854 10283854 3219508 18431428 29404344 7472065
TAA? 1,511.49 1,929.05 141142 1,065.09 813.46 854.90 56251 434,00
EAAY 789.83 985.64 570.82 49741 344.87 284.73 2358 80.50
EAAITAA (%) 5226 51.09 4044 4259 4240 3331 3975 1855

YEach value represents the meantSD of three determinations.
JTAA, total amino acids.
YEAA, total essential amino acid.

Table 6. Total polyphenol content in ethanol extract of Solanum
nigrum based on harvest time

Samples Content (ug GA/mg extract)
AV 262.9010.317
310.99£15.63
289.25£17.62
275.72£12.87
345.93+19.69
240.50£15.41
401.22£16.81
H 367.53+18.33

Q oM m 9 Q0w

UThe abbreviation of introductory remarks are the same as in Table 2.
YEach value represents the meantSD of three determinations GAE (ng gallic acid
equivalent/mg ethanol extract equivalents).
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= 2] ethanol FFFS(EH)] A3+ ethanol FE2
E(A-D)°l| Bt T FEA| 7o R ICsoik= WHE}
o], #2] ethanol FE=SEH)Y I8t T3 =52
Felatsith A5 2 8Y 3040 A3 3 He] <] ethanol
FEE(0)°] 137.9043.179] 714 22 ICxak= HEMRLS
), 9¥ 104 &<t 7hvlZ 52 ethanol FE=(H), 8¢
304l AF T 7Hkg 273 ethanol FZE(0), 8€ 102
&3 7t ¥ ethanol FE=(F), 9¥ 109 &9
7kekg A’g- ethanol FF2(D) 2 84 102 3t 70}
Z A2 ethanol FEEB) o2 W& ICake] Ve
o} dubx o 2 ghiksl §3+= flavonoid 5 phenol3HHE©]
T AEA Y] A GERleA o] w2 AR 7]
U34), 2150 FRol whet Fe) 9]l kst Aol A3
5 B A Jepd dFARER v 20E b 9l
(35). 7hks F-91E vgks 259 FAitslaa) dAtolA
uejol A 62.65 pg/ml, =714 119.58 pg/mL, Uol|A]
187.62 ug/mLe] ICsoate] YERGTH = H.31(36)9F H] w s}
o] B Ao AME-g 71ukS ethanol FEEE2] ICsake]
=okont 1o gt @4 oAle FAlsEITh36). wheEk

Table 7. DPPH radical-scavenging activity and ABTS radical-
scavenging activity of ethanol extract of Solanum nigrum
depending on harvest time

DPPH radical ABTS radical
Samples - —
scavenging activity (IC50, pg/mL)
Ascorbic acid 5.27+047" 1210.12
BHT 14.82+1.03 1.08+0.09
A 184.89+2.49% 76.48+2.16°
B 167.10+4.12° 97.67+3.43°
C 159.62+43.14° 106.62+4.50°
D 164904457 67.48+3.07°
E 179.87+5.82° 81.1442.57°
F 164.68+433" 92.86+2.33°
G 137.9043.17 48.10+1.19°
H 145.84+3 43" 84,1443 82¢

UEach value represents the meantSD of three determinations.
"Mean with different superscripts (a,b) are significantly different at p<0.05 by Duncan’s
multiple range test.

A sk T3k 7V R e 71 89 309]
glow], Gueh a7} Hold Helt Welz Bl

ABTS radical &=

7} A|52] ABTS tjZe] 2A%S e Ax= ol
Table 73} 2t} 3] 7] o] WE 7lnl= ethanol FEEE
©] ABTS radical 2752 8¥ 300l xZ &+ 7lnl5 Bt
ethanol FEE(G)ollA 7H S IC504#4(48.10£1.19) = 1}
Efigier, 99 10¥ 4783t 7huls 2435 ethanol %
ED), 7¥ 108 3 71ulF 235 ethanol FE=(D),
74 10¢ F83t 71nk5 B2] ethanol FEE(E), 9¥ 10
F83t 7hnk5 B ethanol FEE(H) 02 W& ICoak
< B0 279 ascorbic acidE 1.21+0.12 pg/mLe)
ICso?kS VERJ 1, BHTE 1.08+0.09 pg/mLo] ICsot-<
Hoth B A3z 89 30¢ &3 74uk5 82] ethanol
ZZEol|A 7P %S ABTS radical 27]%©] VER}, 7}n}
= Qolld 7Y =& ksl 2o Yeldtle 71E AT
A737)9}F 2kgte] Aol & YERITE o] # AFAE
Fld uhe} Zo] A8 5 AFH st Al7lol uke} gatst
T FEE 2ol & YehlE Zlo] 9oz A7t
=3

MEzEM 9 C6 glioma M=z ¢gE9H &=

79 NA WA EF2] C6 gliomar AF3}A ~E g 2o
gt Al ZESEI Z A5 85k lipopolysaccharide
(LPS) } sodium nitroprusside(SNP) 5ol Hroj 7]2} <1t
AFEE = A EF0|TH38,39). IS SAH ol I 53
S AESA HItlA 7inbs A7) F9lo] e
ethanol FZE52 10, 50, 100 pgmLe] T E= 2|at
AlFFEAA 7intg A7) 9 99 ethanol 55
100 pg/mLe] FEol A% C6 glioma cell2] A ZAYEE0]
90%°]’}= UERlo], AlZ5AL gl 3oz st
(Fig. 1).

C6 glioma cell®l] 1 pg/mL LPSE- A 2]l NO2| &o]
9.52 IMZ F7HE & FRlstsion, 79 10€ A3 & 7t
n}5 A AL ethanol 222 10, 50, 100 pg/mLe] FE 2
LPS9} FAl A gk vjx]o| A NO9| & 4 A7
7.1, 5.9, 7.1 yYMZ YEFITHFig. 2A). 89 1029 23 &
7hebs A% ethanol &S A3 AYE= 7.1, 59,
7.1 tM2] NO -2 1.9l oM (Fig. 2B), 8¥ 30l =13
7heks A/gH- ethanol &2 A 2] NO gHaF2 8.3,
79, 83 IM& °F7F 7+43}19] thFg. 20). ~12]al 9¢ 102
AN 7hntE XA ethanol 5522 A 2]FolA NO
ke 7.1, 7.1, 7.9 uM=Z e THFig. 2D).

Tk He] 59 FEEC] A5 74 109 AFH S A5
A NO EHFe 7.1, 7.1, 7.1 IMZ A|859] =& #sl] v]o&
Ao Z dA3k NOS| o] 4= oM (Fig. 2E), 8¢
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104 A4F g 7hnks el 255 10, 50, 100 pg/mLE
2]k 2] NO ke 59, 7.1, 7.1 IME 2k 7HAstednh
(Fig. 2F). 8¢ 30‘”011 R E ““1‘4 FE2ES A
o] NO TFL 59, 3.6, 24 M= FQlEgon, o|=
%—%% TLd oJEH R NO o] fasHe A

HAth(Fig. 2G). A2 99 10¢l A& 7hnts
wig) Z=25.0] NO S 48, 4.8, 7.1 iM= 2FF 7H4E9]
7\]?} }‘]JJ— T T%Obﬂjr(ﬁg- 2H).
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Fig. 1. The effect of Solanum nigrum ethanol extracts on the cell
viability of C6 glioma cells.

VA, Ethanol extract from S, nigrum aerial part harbested on Jul. 10th; B, Ethanol extract
from S. nigrum aerial part harbested on Aug. 10th; C, Ethanol extract from S. nigrum
aerial part harbested on Aug. 30th; D, Ethanol extract from S. nigrum aerial part
harbested on Sep. 10th; E, Ethanol extract from S. nigrum root harbested on Jul.
10th; F, Ethanol extract from S. nigrum toot harbested on Aug. 10th; G, Ethanol
extract from S. migrum root harbested on Aug. 30th; H, Ethanol extract from S. nigrum
root harbested on Sep. 10th.
IMean with different superscripts (a,b) are significantly different at p<0.05 by Duncan’s
multiple range test.
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Fig. 2. Anti-inflammation effect of Solanum nigrum ethanol extract

LPS-induced on C6 glioma cells.

VA, Ethanol extract from S, nigrum aerial part harbested on Jul. 10th; B, Ethanol extract
from S. nigrum aerial part harbested on Aug. 10th; C, Ethanol extract from S. nigrum
aerial part harbested on Aug. 30th; D, Ethanol extract from S. nigrum aerial part
harbested on Sep. 10th; E, Ethanol extract from S. nigrum root harbested on Jul.
10th; F, Ethanol extract from S. nigrum root harbested on Aug. 10th; G, Ethanol
extract from S. nigrum toot harbested on Aug. 30th; H, Ethanol extract from S. nigrum
root harbested on Sep. 10th.

IMean with different superscripts (ab) are significantly different at p<0.05 by Duncan’s
multiple range test.
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