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Absorption and Transport Characteristics of Effective Components of Morinda officinalis in Caco-2 Cell Model
ZHANG Chao, HUA Yue, LI Zhe, SHI Ji’
School of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600, China

[Abstract] Objective: To investigate the absorption characteristics of monotropein, desacetyl asperulosidic acid, and
nystose of Morinda officinalis How. in the monolayer of human colon cancer cell line Caco-2 cells. Methods: The Caco-2
cell monolayer models were prepared by cell culture technique, verified, and screened out with cell morphological
characteristics, transepithelial electrical resistance, and other indicators. The effects of pH values and concentrations of
monotropein, desacetyl asperulosidic acid, and nystose on Caco-2 cell viability were examined to determine the proper pH
and concentrations of dosage in the experiment. The effects of drug concentration, action time, and P-glycoprotein inhibitor
verapamil on the absorption and transport of monotropein, desacetyl asperulosidic acid, and nystose were investigated by the
Caco-2 cell transport experiment. The cumulative transport of monotropein, desacetyl asperulosidic acid, and nystose was
determined by high-performance liquid chromatography (HPLC). Results: Monotropein, desacetyl asperulosidic acid, and
nystose were well absorbed in the Caco-2 cell monolayer model, and the bilateral apparent permeability coefficients (P, ) at
low concentrations were significantly greater than those at medium and high concentrations. After the addition of verapamil
hydrochloride, the P, of the three components changed slightly, indicating that the carrier was not required in the intestinal
absorption of these three components. A small amount of monotropein presented in the liquid chromatogram of desacetyl
asperulosidic acid, indicating that desacetyl asperulosidic acid showed the first-pass effect. Conclusion: The three
characteristic components of M. officinalis, monotropein, desacetyl asperulosidic acid, and nystose were mainly passively
transported in the transmembrane transport, and all the three components showed inhibition of their own concentrations.

[Keywords] Morinda officinalis How. ; monotropein; desacetyl asperulosidic acid; nystose; Caco-2 cell monolayer

model; transmembrane transport; passive transport
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sk K 2 75 FRME Y B R Morinda officinalis
How. My THRAR, BRH . ¢, PERGR, HE . JFZ4,
EREFEAM WA Z— HIEEEREA
BBE . SRR . KGR, W TRERR . HRA
2o DIV . B ERGEIEY, (P N RILRE
2 L) 2020 4F i EL R K B g 0 0 P I TR Sk e
EEE L7 % e - S 2 S 1 DV T < BN S L e
W R AR R IR RS gy, B PIE
PUME . PUB BB S 2 TH 25 B E R

i K22 ORI, /N B IR 251 322
WCER A, IR 5 52 BN 25 e 1 . s WS iz
K., FrisEAELMHHEKREW. BT ASBENE
Caco-2 5 AN/ 1 Jz 4 A AR RIS 4 i)
M RGER T, BARA /N LR 20 B i
fiti . P-WHEEE (P-gp). WEIS. ARG KRG . 4E/E
R S iz R, R Caco-2 20 it 5 J2 A5 7
Iz N T TE i v gl . s AR ik
AMIFFET, P, AR S256 R ] Caco-2 4 i L 23 452 72
Xof BB R H K R 22 L 25 0T 2 I R R A1 A
3ANRRAE T B 19 B W AR Pk AT 9, B L
WAL, DA N B R A RO o i i — 2 T &
S,
1 #
1.1 40

Caco-2 Uiy B H B2 B L i 40 i 2 .
1.2 Xz

DMEM = 515 #2 3 . JCEY 21 DMEM f5 #f 15 3%
B AR EIERR . IR IS . Hank's P BRI TR
(HBSS) I [ 3£ [ Gibco A H) ; a4 i (FBS,
FEPANAF); H-HE&HE WYL (3£ E Hyclone 24
F]); BRI P (PBS) . WA (DMSO) .
AR A A R ERHCA R A 5 CCK-8 4
L3S IR T . IR IR (AKP) U &y
W R @ E R A BR A KT (S
00605AS, 4liE>98.0%) . 2% L4 HAF iR (4it
5. JO329AS, 4lifE>98.0%) . EhER T ZEW R (it
Y 318-98-9, #ifiE>98%) I H K% XA Y
RAEWRAA; W (5. 292-64121, 4ijE>
99.0%, HZ Wako /A H]); MFR4EFimHAK (it .
S420204, #1iJ5>99%, 3=[E Selleck Chemicals A F) ) ;
- 838 -

Wl CHE SRR o ol Ak .
1.3 4%

H-Class/Xevo TQD % = & UL AT AH (413 - o i
Y (BiAT Masslynx 4. 1 83% TAER) . ACQUITY
UPLC %Y = 0 AH 535 {1 . Ulyimate UHPLC AQ-
C, %4 (50 mm=2. 1 mm, 1.8 pm). ACQUITY
UPLC BEH Amide &% % (100 mm>2. 1 mm, 1.7
um) 04T 32 E Waters A Fl 5 AB240 B+ 7 0 2 —
HL oM RF (Gin EARRR I -4E R 2 A F]) 5 XW-80A
AR TER A4 (LW E WP PSR ) ; Multiskan
MK3 BB AR (36 E FE 2R« /R B A BRAH)
YXQ-LS-75S11 B 7 =X e Sy 28 ROK w 2% (g 1R
B BSA R R 3 DCMCS10 B3] 2 Wi (H
ABEARE A F); MCO-15AC B! CO, K5 5548 (HA
=T ; DW-86W100 A b AR A7AE (5
B R EIT B R A BR 2 F] ) 5 Millecell-ERS 7 #5
JIES 201 it Fi BEL X (32 [ Millipore 23 &) ) 3 SHA-C % fH
HEIRG s ChNERRESARAR)

2 FiE
2.1 Caco-2 4l jifd )2 A5 10 il £

Caco-2 A i3 AP T 25 e U M35 35, R
DMEM 5¢ 455555 (DMEM midiiE 355641, 5 mL fin
AT -HETE RN 0.5 mL, JF0 75 & HAR 0.5 mL .
FBS7.5mL), T°37 °C. 5% CO, 455 3546 h 1
It o HUH 6~101X Caco-2 A M ) A v, 445 Tl 240 Hf 2
N 5x10° 4 /mL, #Fh T 24 fL Transwell H, T i
£ (AP) Mhn A4l # 0.5 mL, T AJE (BL)
M A SE4 532 1.5 mL, 78 CO, 353546 h s 3%,
HI10 d @K, 10d)58KHm, HKFEE21d
M.

2.2 Caco-2 4l jifd P )2 A5 U 55 IF

2.2.1 AMUES2F0E KA LL 2. 1350 T A R %
JERER T 24 FL0 P, B3R 21d, TORERMEI T
B 227111 I 27N

2.2.2 EEEHRH (TEER) %% AiffudFhF Transwell
WNEHIE, FHO0. 3.6, 9, 12, 15, 18, 21 K4%
S % TEER, £ TEER>300 Q-cm 2B, B 5
JZANMIRE R B | SERE

2.2.3 BLLBERELE LR MoK N T
YR, A5k Caco-2 4 e A M i Bt iz , R
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Wy 1A it B bR AR W R AT 5. THERN S SR 3.
6. 9. 12, 15, 18, 21 K435l 40 i v iy 2135 ik
F, FRMMEIRA IR, AT E 37 CHILH
LISEA R, CE T CO, 8 F5 4H P V-4 30 min,
SRR, TAPMINA GB4 S pg-mL 'Y
HBSS 0.5 mL, BLllit AHBSS 1.5 mL, X5#%3 h.
3hJ5 T BLANER: 3250, 3 mL, 7EJ KN 560 nm b
MEWSEEE (4), AL (1) 7535 BLMIM LA
o, JHERRAL () HHERWBERE (P,) M.

ABL_AG?FHH
=V Gy — (1)
¢ AgA i
P, =(dQ/dt)/S-C,) (2)

(1) X oRhBELAYHETE (ng); Vol
BL il 3% 35 3 AR TR (1.5 mL); A, o~ BL UK 3% 3
WSGHE s A, %S FIHBSS (OGR4, M BEYZL4)
RRBEOLEE s CoONZIIPIR TR (pg-mL '),

(2) Kb do/de 2y de B 8] Be vhoads o 19 245 ) o o
(pges ) SHHZIEII (cm?), ALK H K
0.3 cm’,
2.2.4 AKPIGPEH L AKP /Mg HEAT I LG o
B A b 5 i, H B P F Transwell AP, HH
O e B A AR A S AR TG 0 . 53 i B Transwell H% 5%
T7. 14, 21 dBy4p, WHEIHEERE, HCmiz
37 °C ) HBSS ' %t 2~3 ¥k, 7£ AP ] it A HBSS
0.5 mL, BLINAHBSS 1.5mL, & T4
20 min, HCAP il F1 BL il 5 5% 3%, B0 (70xg,
5min), BRI G0 AKP G, #1ES
AT E R
2.3 AbB W 2 i Tk O R

K PRBOK f 221 5. 062 mg, 2= 2 Ik 4 i BE
1% 20. 003 mg. Mk 100. 225 mg, 3% HBSS %
I AT R R, WO AL K B 2217 5. 062, 2,531,
1.266. 0.633. 0.316. 0.158 mg'mL ', £Z W4
AR 20. 003, 10.001, 5.000, 2.500, 1.250,
0.625 mg'-mL ', it 74 100. 225, 50. 113, 25. 056,
12.528. 6.264. 3.132mg-mL AW

BHEAL S B Caco-2 B LA 1x10° 7 /em® 27+ 96
LB, BFL100 pL, RiFE24 h, FEk BHWR, &
TN 58 415 97 3k 90 WL A 45 o e MR JE (19 2590 10 pL,
B TR E B3N R AL, RIS 3 X REL (AN
nzg) M3pasEfl (R4 . 853824 hs, &AL
A CCK-8 Wi 10 WL, }%3% 1 h, 1£450 nm F JHE§

PRI E 4, FIRAFC (3) T ARNEAr i 4.

> A 44 A, Y
A7 I A= X 100% (3)
Xt R EIEE|

2.4 tLEWS 2 pH i

282, 300 B T v EERE , SR HI HBSS 43 31| L il
KA 24 (0.127 2mg-mL ") . 2 LW 45 0 AR
(0.064 8 mg-mL ") . M H ki (1.250 2 mg-mL ")
YW, YR FHHCI # NaOH i %5 pH 5 5.8, 6.8,
7.4, F2 3WURN AR A4, A AT R
2.5 FHssinm
2.5.1 ALB WA A o vk X s i sg e )
HBSS 7 B 25 (b & Wik 8 il i vk 1, 550 a4
FRHE  OIRAAFREMIA W, LR 43 5 K dib
22470.1272, 0.0636, 0.031 8 mg-mL ', =Mt
ot FAFRR 0.064 8, 0.032 4, 0.016 2 mg-mL ',
fif 785 1.250 2, 0.625 1, 0.312 5 mg-mL " '; HU4F
G538 51 Caco-2 4 i HLJZ 5 A , FH HBSS V& Uk
3%, T AP{jfin A HBSS 0.5 mL, BLll}i A HBSS
1.5mL, T CO,¥5 %4 1 30 min, 3% HBSS
AT S . AP-BL SCER I, T AP I AKE o i W
0.5 mL, T BLU/A HBSS 1.5 mL. BL-AP 524
mF, 15 APl A A HBSS 0.5 mL, [ BL A AN AKE 5
W15 mL, K/hEEF 37 ClEEKBIRG &,
T 90 min W HUEZ ke iy, API[HLO. 3 mL, BLAI
0.6 mL, &H, BAOFEMEE3INELL.

[F] FF 158 7. P-gp 190481 551 S R 2 P ok X HEAHL, A
] () 5% s Vs A i SRR e P ke, (i R Uk B hy
[x10 *mol-L ', 1% 90 min Ji5 254 i) E2Fi%E 7 & Al
P, #AEF |
2.5.2 AbG WA [FAE AT ()% 5% 0z i 52 e ]
HBSS #i B 451 &9, A Caco-2 4 Jifd 2 JZ 5 |
FerER 2.5, 150 F . ff/NEE T 37 CHEIRKIEIRY
R, 530, 60, 90, 120, 150, 180 min M B
FEAZIREES , AP O. 3 mL, BLAELO. 6 mL, 4
M, B IRE 3T E AL,
2.6 FaiilE
2.6.1 ML RIS R, T
4 CEL (10 142xg, 10 min), B E3EWRGT 0. 22 um
fFLUENE, BPfS .
2.6.2 XHEASEWAE  FH HBSS FLil & K == 1
5.090 mg-mL ', P4 FATIZ 6. 475 mg mL '
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M 40T H% 3. 170 mg-mL 'AOXT HE AW, &

2.6.3 MIESFRESAN KA. OB
R (4% 45 {F . Ulyimate UHPLC AQ-C, {5 3%
(50 mmx2. 1 mm, 1.8 wm); M MHEE (A) -
0. 1% BEIR/KIEW (B), BEEEVEML (0~8 min, 2%~
15%A) ; Kl R 235 nm; ¥4 0. 3 mLemin ';
PERERBLU R 2 ul; kIR M 25 C.

i 34 B € 3 & BT 3k 4% F . ACQUITY UPLC
BEH Amide &% (100 mmx2.1 mm, 1.7 um);
WA 0. 1% H R LB (A) -0. 1% HRIK %
W (B), BEEEVEM (0~13 min, 35%~45%A); Jiis
0.3 mL-min '; FEREREUN 1 pL. SR HBIZS #
T (ESD, g FEHHE; &FaiaEh
m/z 50~1000; BAEHEBEN 3. 0kV; JIRE N
150 °C 5 M 770 6 BE o~ 500 °C 5 B i 77 S R
1000 L-h ™' HEFLAWE A SO Lohty 22 5 0 W A
& (MRM); #EFLHLE N 100 V; RliH#EAER A 42 eV,
KB T 5174300 m/z 665. 095 8, 89.025 1.
2.6.4 ZRPEVEFEFE S HBSS M B 45 4 18 5
W, A5 B K AN 22 B W O 0.127. 0.636.,
1.273. 3.818. 5.090 mg-mL ', % Z W75 B AF
WR R 0.064 8, 0.324 0. 0.648 0, 1.2950,
3.238 0. 6.475 0 mg-mL ', i 8 o 5 Ak BN
0.159, 0.793. 1.585. 2.378. 3.170 mg-mL '
ZRYI RS, H%2.6. 3T N A . i S
FE L LA U BT B A AR (X)L TR AL
AR (Y) BEATIENE, TS LA 0 1l E 7 R A R
FlENGE S
2.6.5 LJRMEZE KRS K HBSS @i K,
WA o Z & S A T3 . HBSS A7 L 2% i 1
Pt . HBSS X & & A E T4k
2.6.6 KWL K E WA X RS, iR
2.6. 3T Pk &E, T 1A BuERE sk, Rk
HF s dpa HERE IR, HHRKER T, LOBS
MEEHR . TR TRE I AR A RSD .

2.6.7 FUEMEIRL HEEWIRE g A, R
2.6.3W FJr¥s, T0. 2,4, 6, 8, 10, 12hyt
FE, K22 . OB TR . R
M RSD

2.6.8 HEMIKE AFEWIRF—/NE BL MK
61K, HFYK100 wL, F2.6. 1300 F Jrkhl sl fitiad ihis
W, JERE, TFEUKE AT . RO R .
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Wb & A RSD,

2.6.9 kRIS RS 2 W] —/hE BLA
W6, HFKO0. 1 mL, FERELLE] 6 B8 5 A -
FEmh &L 1) IMARAGX MSER, H2.6.1
B N B MR 5 7 1L e = ) T
. EOBEG A IR RS A 2 A Rk R
JRSD.

2.6.10 FERENE SR P, MERIEMAER, WE
SEYEL R,

3 &R

3.1 Caco-2 40 il B0 )2 RV EGTIE

3.1.1 QA ELE TAIE DM TR F#
T 21 d i Caco-2 4 fitL, & P4 IS 2% 1A 52 48 B A1 RE T
x, iz mEEERE (K1),

1 %3521 d J5 Transwell H1 Caco-2 AR A

3.1.2 TEER %% fEX:3 21 dWN, Caco-2 41
TEER 4k # R Se B AR TG /NIR BE TR, B IR
FrEFa, 5521 K, Caco-2 4 i TEER Jy (418. 8+
10.1) Q-em?, UEHAR)ZAHMIBALGI &) (K12).

600

500

TEER/Q - cm 2

[3S) w S

[ oo ()

{ < ) (=}
T T T

—

(=3

(=]
T

1 1 1 1 )

0 5 10 15 20 25
t/d

2 Transwell F Caco-2 ZHif8 TEER ZZ4t  (ts, n=3)
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3.1.3 Mpelimad s 4RWEER L, KMHE 18K
JHif, Caco-2 4L By i) P, I T5% iz S50 I e 1Y
110 °cm-s ', Ui B2 58 BT A s S0
R

&1 Caco2 fiBRERBHEIPL, (n=3)

app

#/d P, (x10 °) Jem-s
3 2.777
6 2.160
9 1.543

12 1.512

18 0.370

21 0.324

3.1.4 TRMEBERRBETEEE S WEHT. 140 21d
Transwell P filll 5% 77 3& b AKP {G PR UL 3R 2. 26 14,
21 K, APl AKP M43 /2 BLMEY 3. 4. 6. 44%,
KUEAPMIC 24 TR ., REmlkibilg,
Caco-2 2 Jifd 5 2 A5 7 a1 28 Bl g

R2 Caco2 MM EEE AKPFEYE (ts, n=3)

x3 ARAREREUSHWIEAT Caco2 MEEFEEFE (n=3)

=] R /mg - mL ! N BEATIE R /%
KA 0.506 2 64.2
0.253 1 572
0.126 6 132.8
0.063 3 1325
0.0316 1452
0.015 8 1263
2 LB BT R 2.000 3 73.8
1.000 1 77.1
0.500 0 74.4
0.250 0 445
0.1250 64.3
0.062 5 1203
T ST 10.001 2 111.3
5.000 6 129.6
2.500 3 136.3
1.2502 121.7
0.625 1 132.9
03125 139.7

4 [GPA2/100 mL X4 AEpHUEWIERAT Caco-2 ARATFEEE (n=3)

t/d AP BL &Y pH YNMLAETE /%
7 0.21£0.09 0.25+0.11 KA 2E T 5.8 78
14 0.67+0.15" 0.204+0.12 6.8 96
21 1.72+0.40™ 0.274+0.19 7.4 101
W HBLMLES, “P<0.01; 14:[REfi=7.14 U-L", 5O AR IR 5.8 84
6.8 98
3.2 AEFEEEREAESYINT Caco-2 4NAHIE L 200 74 99
EIRFEH, KL <0, 126 6 mgrmL ', 1§ S5 58 95
22 O HOTF R T Bk W <0. 062 5 mgemL B ﬁ ﬁ

Caco-2 A7 15 5 >98%, 1] 7F M Jo 8 vk B Vi Rl P gk
PS8 MEA i m il EmHHEE T, Caco-2 41l
TG R KT 98%,  HL I it e o s /N 241 Jfd A7 0% >R e
(££3), #EEH0.312 5 mg-mL " R H /N
g@f HEATSLH
3.3 K[ pHALA WX Caco-2 475 4 (1 5 i
FEpH K 7. 4B, 3FFALSXT Caco-2 G MR
¥/ (F4), HILBEREpH 7. 4 TR L2520 .
3.4 ikt
B ik K 3 ANE A W ) (81 ) i R £ MY R I
#5. W HBSS, /K224, 2 OmE4E T HHR .
T SR X R O 5 D 22 A B8 i I A5k B ) i

K, 4550, HBSS LZ4fi T4, HBSS %45 i)
T (K3~4),

®5 BEXHFINMAMHEETERELEER

featy ) R e
mg-mL '
VST Y=69450669.26X-3786.68 0.9999 0.127~5.090

£ EM R Y=49244936.55X - 244523 0.999 8 0.065~6.475
it ¥=19296.2X-11.991 1 0.999 1 0.159~3.170

&R RN, K2 ROB 4

T . T B H OO % RS9 RSD 43 BN 1. 71%.
1.88%. 1.97%, H [A145 % & RSD 43 44 1. 74%.
1.70%. 1.91%, RHPHEHERLF. EEMIE
SEIRRI, JRECEAT . 25 LB M AT R R A
HRSD 400 1.12% ., 1.60%., 1.05%, 2%
Ik EEVERLr . RuetEg REN, K2, £
RN BATIR | T BRI T AR RSD 43514 1. 80% .
- 841 -
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A B

t/min

#/min

0 0.5 1.0 1.5 2.0 2:5

t/min

¥ A HBSS; B. K22 H I

C. 2 Caco-2 B IR /K it 2R D. 25 LA FERON B by

0 0.5 1.0 1.5 2.0 2.5
t/min

i E. ULE G 2 QM RO IREE G

E3 HBSSKBEFEEZBEMEFBRWRABARARZAMAREIETREELEYM HPLCE

A B

C

1 2 3 4 5 6 1 2
#/min

TE: A.HBSS; B. MHUOHEXT A C. 220l 5 T JrpRe i o

#/min t/min

El4 HBSS. T HT#E T R i il R 2 4 A B2 R A BV i T SR M i #% HPLC B

1.90%. 1.78%, UtHNARTEM L Z50F T 12 h AR
o IFEMISCRIRIRZE SRR, K21, RO
PR R AR B 11 25 IR [T 3843331 4 98. 09%
101. 14%. 100.49%, RSD %3 %4 0.97%. 1.54%.
1.59%, W36,

3.5 PEREE S

3.5.1 ALBWANIE BTk X 2 50 90 min
P, 3SRV KA 22T . R I R R A
TR TR G P, Y KT 110 P emes ™, BRI = 1A%
WO R o M EE T B i I o B 24 £ R I 25 18 UK
[P, 2~ (0.423 0+£0.056 9) x10 *cm-s ') 1, =%
YR misEEAe &Y. 7890 min B EI Py, P, AP-BL
5 P BL-AP (W HE #2301, UhBIX 34N o e 7%
iz M A T M . A P-gp I R 2 K
P RN, SRR 21 . R OB E N BT R A

- 842 -

TP /I W KR A B, O ML T i
W (R7).

3.5.2 (ORI RS R i s
iR, BRI TIAE K, 3AME AR P, 2 4
Dk, ELAG SRR AU P, W] Bk TR L R
BEVREAL, DA = 1 /N R T REAEAE 1 B R
B4

4 itig

ARSI v A A P TR R BT R B, B A
TR VA A T SO e R X Caco-2 20 B 305 14 1 il
”['] X P BB A F T I A B S R T K R

o T TBEAE R E F2  JB AN 2 X0 240 B 3% e ™ A 5
fﬂ%ﬁlifﬂﬂ’](ﬁl*ﬁ@ Pl oG H Al ) 5 A B 3
WA R R, T AE 2 0T R R A YRR € 5 1 mT
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F6 BEHXFINMLEWHMERKZEIRNILER
&) FEfhErting XTHREINA R/ pg TS /g [/ % - I % RSD/%

TR AT 34.401 34.357 67.951 98.83 98.09 0.97
34.401 34.357 66.537 96.77
34.401 34.357 68.319 99.36
34.401 34.357 68.007 98.91
34.401 34.357 66.917 97.32
34.401 34.357 66.938 97.35

B OB FH TR 0.672 0.648 1.301 98.58 101.14 1.54
0.672 0.648 1.315 99.64
0.672 0.648 1.351 102.36
0.672 0.648 1.358 102.89
0.672 0.648 1.337 101.30
0.672 0.648 1.347 102.06

i S 186.629 187.030 372.370 99.66 100.49 1.59
186.629 187.030 370.700 99.21
186.629 187.030 374.910 100.33
186.629 187.030 386.280 103.38
186.629 187.030 368.900 98.73
186.629 187.030 379.830 101.65

& BRI 100 pL.
®71 KBR=ZFH. EZCBHEMHEFBRIAETETLE Caco-2 ABERBPH P, (ks, n=6)

ey Pt /mg-mL "' P, AP-BL (x10™*) /em's' P, BL-AP (x10 ") /em-s ' P, AP-BL/P, BL-AP P_V (x10 ") /em-s '
VT 0.127 2 6.170+0.283 6.266x1.124 0.98 5.556+0.618
0.063 6 9.617+0.650 9.481+0.900 1.01 8.929+2.032
0.0318 12.816+1.511 12.563+1.676 1.02 12.533+1.128
X OB B R 0.064 8 0.152+0.018 0.015+0.024 0.99 0.146+0.031
0.032 4 0.271+0.054 0.265+0.051 1.02 0.265+0.046
0.016 2 0.342+0.028 0.340+0.046 1.01 0.315+0.005
it S 1.2502 1.056+0.113 0.971=0.194 1.09 0.914+0.174
0.625 1 1.620+0.081 1.625+0.480 1.00 1.602+0.298
03125 2.469+0.034 2.356+0.235 1.05 2.210+0.219
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