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Toxicological Study on the Water Extract of
Symphytum officinale L. in Rats
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Graduate School of Public Health, Seoul National University, Seoul, 110-799, Korea

ABSTRACT — This study was performed to investigate the toxic effect of pyrrolizidine al-
kaloids from Symphytum officinale in rat. For this experiment, 120 male and female rats of
Sprague-Dawley strain were used. The experimental groups were divided into five: Group CM
and CF served as normal control with its gender. Group EM1 and EF1 were fed a 1% Sym-
phytum officinal extract diet for 8 weeks. Group EM2 and EF2 fed a diet containing 2% extract
diet. 4% extract diet into group EM3 and EF3 and 8% extract diet into group EM4 and EF4
were given. The results were as follows: 1. The major alkaloids of Symphytum officinale extract
were symphytine, echimidine, and lasiocarpine. The amounts of total alkaloid were 168 ug PAs/
m! extract. And contents of PAs in leaves were 0.05% wt.. 2. Total serum bilirubin con-
centrations increased significantly in group EM2, EM3, and EM4. Group EF1, EF2, EF3,and EF
4 showed statistical significance for the group CF (p<0.05). 3. Aspartate transaminase activities
were increased significantly in group EM3 and EM4 (p<0.05). Aspartate transaminase activities
of EF1, EF2, EF3, and EF4 showed statistical significance for the group CF (p<0.05). 4. Alanine
transaminase activities increased significantly in group EM3, EM4 (p<0.05). Alanine tran-
saminase activities of EF1, EF2, EF3, and EF4 showed statistical significance for the group CF
(p<0.05). 5. Alkaline phosphatase activities increased significantly in group EM2, EM3, and EM4
(p<0.05). Alkaline phosphatase activities of EF1, EF2, EF3, and EF4 showed statistical sig-
nificance for the group CF (p<0.05). 6. Histopathological analysis of liver specimens from group
EM3 and EM4 showed focal necrosis, periportal necrosis and apoptosis. Hepatocytes obtained
from group EM2 showed fatty change and hydropic degeneration in group EM3 and EM4. Chro-
matolysis and chromatin margination was shown in group EF2 and EF3. With the above results,
it was demonstrated that the Symphytum officinale extract could induce functional change of liv-
er, and histopathological change of liver in rats fed a diet containing extract. In conclusion, be-
cause of the risk of intoxication or adverse effect, the composition, dosage and mode of ad-
ministration of herbal products should be monitored strictly. And this study serves as a rem-
inder that herbal as well as orthodox medications may have serious side effects.

Key wordse [} Symphytum officinale extract, pyrrolizidine alkaloids, experimental diets, hepa-
totoxicity, serum enzyme activity, histopathological analysis
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AL 190003 Zofl SRR FAA 7tEE0) B 522
Qs z+a, =, A3 Sl ascites, veno-oclusive disease,
edema, haemorrhage, cirrhosis 52| jF#to] B4 wet
A7 AIZEACE 1950 d o] S99} Roger Adams,
Menshikov, Z12}37 Warren 59 ©)8} Senecio alkaloids2}
ARG Fe A HUdcet

2 o]%o| Davidson™& PAse| 7H=A4] (hepatotoxicity)ol]
gk Qe x] AE, zHtea), T17FeF(home remedies), ¥
A Hi((herbal medicine)?] HFEIZ PAs7} Sof ¢l AES
< HAST JE NETFTEANA 53] Alge zHAg
ko] 22 o|RE XNAHFOEH o] EHo| Al
Ao F28 ¥ 22AY 7548 TSI Bras 57
2 ZtAa<%(liver lobule)?] F4 A QA ol (centrilobular veins)
o] AL MO 2 3= Veno-occlusive disease(VOD)S]
BT olg3t dvlzo|=Eo] Ko H 4 AUsE B1
3lath. Gupta 59 ©EW Veno-occlusive disease 53]
ML 27 Sl A Al ZHAMF(liver cirrhosis)]
flo]ef ol 77 1T}

e oleig HEE AARIET S SAHT s 2
o8 4Ed AV dAdHE AEEC] BRMQ Lt
G AXA 42 A A 2AelA FEA A
B4, 5= AZoz 2z AMRHD Qrh'™ Schoental’z}
Bums''l] 2}3}H G Zol|A= Senecio jacobaeal x4+
(herbalists shops)ll ] st n glowy Symphytum spp.
(comfrey)= A4, 8 T EHo2 A3 o1 Q)
t}.'? Stillman §W& njZFo) A2} PAsE 3 FEZE 1
AbAHl (iceberg disease)e. = UEPHOZH B3] WA|ZA
U] 221S mEjA] o] Aol HAZ By AR 4 o
wozlagle AL oGAEn Uk Petasites japonicus
Maxim®] 3}73 (f6A#), Tussilago farfara®l 783}7] A %,
Symphytum officinale®] 23} B2, Farfugium japonicums}
Senecio cannabifolius®] ol U3} Z7| 5L TF o

A HFolt k22 o §5 T Y ATl
wela] olele Aol ge] Aef mrekel 4§L PASE
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e MBS NPT AW, B
agnostic pathological picture) o @& &
02 ot U PAsE Q8 A4S 2
E A @A %4 %A 2 (malnutrition)”® F-o]
2 HuE7|T ek T3 455l Ak BREHR
23 B RSN 23l PAsE 1F Al A
7hsAdel tieidE AFEtn YA e ey o
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MR M v RE Folct PAsE 27 wl$
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Symphytum officinale(comfrey)***'& 0] 50~60 cmy
= odfadde]l £2 ge L EHAH AU FL N AR 2
goln FEolE fdo] wrh £ & Hepdoln 7]
ol Aok a9 2479 pymolizidine alkaloids A #2
symphytine, echmidine, lasiocarpine, heiiosupine, viridiflorine,

%t o

echinatine, acethyechimidine, 7-acethylycopsamine, lycop-
samine, intermedine, 7-acethyintermedine, symlandine, myos-
corpine o] SEERIAT LIFtRO)E FES Aol A
23 71eHe) 2 3(0.03~0.13%) £Ro2l9 £ o =
t}(0.06~0.18%).

S2juie} 2L k2 RE A herbal medicine)] o)
ARV 21 0fFso] yee s B2 AE5E Tkt
okol HY 2 AFEEHSI AAste 3 9= FHAM HA
gholE = glth. '93d % FAIAZ 2ehd &=l v
AL 7HHstEe WAERS 28.6/100,00082.2 AA
Huol BAES Uet 1 At ol tisAl= aflatoxinl]
Had Bl B, 4220 R, £ B2 upolgla
# BGER Fo] FUJSR REI U2y PAsE 1%
AR YA 78 FEETE Y-S veide B2 4742
FE5& B ¥ u o)F 1A} FRWETY SR
DA BE ok
71& HanE GFUEE T FHREE AT SEA
PEL T2 oF vl vy YtRol=vhs U3 o
F Fodte REEE HYER o)FoA et ol 1, ¥
2l ¢7t2oln JETtog ofd HE A SAS H
Feoh= Ae Brbs dirh w3 AR, B4 o 2
o FWFA T e FAYURE Bt AfFel g
Symphytum officinale(comfrey)r| 52] FZ N L HHFo T
A Yehds 548 % € B9971sd AA rled A
T EdEe| AT AAen

mebs] B AFME o9 ZE HTRS RS o
PASE FFE AE &(genus)o & fefteteliA] A2ty o
£ 2 8o T g AMRH T Qe FoE ¢
2 Symphytum officinaleE thAto 2 5lo] dr7tZ2 o= gk
ZA3 SRS TENY S To BHTCRA AA
Aol g 7|24 A FzaE AXA gL A FapgHe
2 AMEED e B AES dis AAAd 7 3
Aol F23E AAdhe 7|2AEE e I
B 7)qatmat st
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KBt & &
WhER)y

AUt Y FEASAAA s B 239
3% % Sprague-DawleyH #E ot zhzh 60niay
1200}2)(AF §60~105 g, 3 55~80 g)2 Ut udAlz
2 23 494 870 Hg N7 F ) g2} vy
(Randomized complete block design)® 2 179 120}2)% %
ST OR o] 857 Aol ARSI AN = B
T AtRE fiERS] FFEt0] AR £ EE 20+2°CE &
A8k 2lA N Fatol| A HES Holx]el Loy ALSEIGIT)

R

HPTL &5 2o AAH(CM, ChH# 4749 Sym-
phytum officinale o137 (EM1, EM2, EM3, EM4 2 EF1,
EF2, EF3, EF4)0.2 }ro] Aikoli= YES Aye A}
B2F 98t ARl Symphyum officinale F& 4L
1~8%(v/WyH 71t ZAAL R E &8s Th(Table 1).

Symphytum officinale(Comfrey) g% (water extract)

Comfrey e} UFHE 500 g = 33l olZ 2 g 273}
I Foll FRFE Wol 242 B9 Mmgaste] RalEs
BaE FE3I ©] FZ9E round flaske) o] Rotary
vacuum evaporator(Buchi, Rotavapor RE 120, Switzerland)
g o3t B& A ¥ AR FE98 Ak
o] FZ 2 20°CollA W RHEH & ALgA|vlch HiEK
o Mifgste] ddel A4-3Act

i 3 RERSIEE

IAHRE — 2t AT WA 7] 7] 1224170 Holl 214
7| ¥ Ketamine hydrochloride & A}&3}o] vl A]71 Abefof]
A AgHaHheart puncture)i o HAg HHI F
1300 gol| A} 15487} 2141 %-2] (Hitachi Co.,Rotanta/RP)A] A
dHg AUk

Table 1. Experimental design by doses of Symphytum of-
Jicinale extracts

% Extracts Duration of

Group No. of rats in diet administration
CM/CF 12/12* 0 8 weeks
EMI1/EF] 12/12 1 8 weeks
EM2/EF2 12/12 2 8 weeks
EM3/EF3 12/12 4 8 weeks
EM4/EF4 12/12 8 8 weeks

* Male/Female rats

MEdRel i 3 BB AH T SA Bl 7
H, 217, A%, 818 2 9)u}bH (Cervical lymph node)s &
FHGTh A3 P71 AYARFE Aol T SR
g 919 o370l blotting® THE 742te] FYL 2ol
AF 100gE F7I7 AR gibado).

Pyrrolizidine alkaloidsC| 8- ™

Symphytum officinale®) %94 ZF 50} Q= PAse
BT =2 93 A Z S5 978 s)(Basic form)E x5}
¥ 4YIE9]T5E N-oxide2 AF3}A)7) § acetic anhydride
g 2o} NMAES A pyroleHEIZ HFAZ ohS 4-
dimethylaminobenzaldehyde(Ehrlich reagent)& o] -8-3}oy A
7k (color reaction)ys F- 3 THFig. 1). oj2]3d dg=
AZS-S UERE BE 9120|277} 7k 48 UE
AL o} 2HEA-S AUt 3-pymole system U7tE
& B AERRE-E LelE AE ofE3 Holth
Pyrrolizidine alkaloid= acetic anhydrides} 287zl
22717 %27 N-oxidedto] W83t = ) o}y
} & N-oxidehg HIES}Y) SlelMe BILRES #5
HE A ATE Qe 3 FdAH S AN v
A F Ehrlich reagent®} 4724122 20 7)1 pyrrole &
indole fr=A & T18i3te) A& 270 5 174E @4 C& A
A 565 nmol M FRFEE F4 F A3A(full procedure)S
M AL oz B s

e

3}z

A Sample (preferably contain 5-30ug of alkaloid)
i
To the sample added 0.5m1(15%)of oxidation reagent(test tube 15x120ma)
{
The lower half of the unstoppered tube is immersed in a boiling water
bath for 20-30min.
)
B: Diglyme(lml)} is added, the acetic anhydride{0.5ml:0.5%). and the tube is
again heated in the boiling water bath for I min, : 10sec.
(avoid any contasination by water,acids, or hydrogen peraxide)
i
€' Tube is cooled to room temp, add wodified Ehrlich reagent (Imli5%), and
heat the tube in a water bath at 55-60C for 4-5min, to develop
the color
i
The cooled solution is diluted with acetone to 4,0ml
)
Absorbance is measured with a spectrophotometer at 565rm
Blank is prepared by duplicating the above procedure,
but omitting the sample

Fig. 1. Procedure of alkaloid, or alkaloid + N-oxide de-
termination.
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A EEAN

A3 Arlee ZAPAE At 10% F43 formaline
£ (Formaldehyde solution)ol] 2 o] wAAIZ T}
alcoholed <= 14 & A% w28 T v (Embedding) ¥ mi-
crotome(Reichert-Jung, No. 820s)& o8& 5 pme} ¥tH &
9h=o] hematoxyline-eosin G e ¥ Fetdv|Hog
&34

| MBS A
HHRA 279 FahEs e 2 434 FoAet
FAXE AMtE BAEAE # Foll a=0.055-FN A
Duncan's multiple range testol] 2J3te] z} ¢ HFX|71e]
FEMES st

<

R A EE

Symphytum officinale itk S2| PAs 1
Symphytum officinale(comfreyys-oll ©EH| e L7tEol
=9 FES A 4 2ol wet o £45E A Jeh dub
Hog o Fox 0.003%~0.115%, Balo= 0.14%~0.4%
Thapo] EAfSe Ao dEA qichediEo|=e] FakEA
AT g Zoll= B TR WilRo|mEC] BA £4)
A FlE 8 ortgole P AFlZol= 4 Noxides?] 3 U7}
2ol= e o|F YFtRole F FEMS(major alkaloid)
o7 ZEx)3h= open diester #%e] symphytine, echimidine,
lasiocarpine 20| Yehl= SR =& 1eiste] 2Asadt
oluj, FFLL AF}Zol= 0.950|1 estimation curve
slope= 0.068 ¢} t}. Curve slope:= absorbance/pg2 2 1}
R 2 565 nmoll A Al5 o] ATt 10954 of Mg F
1.095-0.01

ol ol PAsEHE 095-0.01
A T PASERE e 005

flo

x 10 folds=168 pg

e

PAs/m/ extract 0.2 L}ehjio] 2tk o] Al 3 comfrey Ad

9 Fo T3 F YrtEol= Fgo g FAEIA 30 goll
A oo} 7 2Z o] 90 mlo|T Ei_’%’xmo:o.os%

wt.olt},

A FoA 2o] HH 3ol 30~40 g/day/rat Y olB 2
ANE Z5d 1%EdF L 48~64 pg PAs/day/rate] ¢7l2
olz9] g FAIYUL FEH 2%FoT o= 96~128
Hg PAs/day/rat, 4% 2ol = 192~256 ng PAs/day/rat ~1
23 8% FoJTo = 384~512 ug PAs/day/ratE Fo3 A
2.2 e

Symphytum officinaleO| FF #t S #480] O|X=
7

Total serum bilirubin 2| ¥ #{t— Total serum bi-
limbin¢] 5% W3} Table 2, 37} Z2th =3 HENA o
ZF(CM)9] biliubins £ A 37 EM2, EM3, EM4s} #
23t Aol & R ¢ HENHE dE2F(CFH 2
£ A8 EF1, EF2, EF3, EF43td) BAH R 7938 4
Zo] Wale JERIAT(p<0.05). R HENME FAT
EHF Fo| Symphytum officinale 2 4] go| VLT F
total bilirubing Z7} 718k &RERIR(Dose-response
relationshipys FERHAT). &AW bilirubing] F 57} S0}
e A4S 7F M| E $BfE(Hepatic cellular damage)o]i} i
%2} FAZ%E(Biliary duct obstructions) == £84 Ag oy
A7\17bel AR gEcdelzt A9 o gAse Aoz o
22 o B Ao el serum bilimbing] FT
Z7}= Symphytum officinale®] ool 2)3F 7 Ax el &
“gujiolzl o AKTH

Aspartate transaminase(AST, SGOT)— Aspartate tran-
saminase 2} 5= 3}= Table 4, 59 #t} £33 YENN

Table 2. The Concentration of total serum bilirubin after administration of experimental diet in male rats (Unit: mg/d))

CM EM1

EM2 EM3 EM4

Conc. of Total bilirubin 0.517+£0.071

0.563+0.085

0.628+0.102* 0.664+0.134%* 0.713+0.098**

All values represent Mean+S5.D.
*: Significantly different from control group (p<0.05)
** . Significantly different from control group (p<0.01).

Table 3. The Concentration of total serum bilirubin after administration of experimental diet in female rats (Unit: mg/d/)

CF EF1

EF2 EF3 EF4

Conc. of Total bilirubin 0.566+0.094

0.745+0.067

0.779+0.125 0.737+£0.127* 0.763+0.101**

All values represent Mean+S.D.
*: Significantly different from control group (p<0.05)
** . Significantly different from control group (p<0.01).
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Table 4. The Concentration of Aspartate transaminase after administration with experimental diet (unit: U/L)

M EM1

EM2 EM3 EM4

Conc. of AST 74.361 15.47 87.20+11.85

85.42+16.41 97.09+18.34* 103.08+19.10**

All values represent Mean +S.D.
*: Significantly different from control group (p<0.05)
** . Significantly different from control group (p<0.01).

Table 5. The Concentration of Aspartate transaminase after administration with experimental diet (unit: U/L)

CF EF1

EF2 EF3 EF4

Conc. of AST 71.25+10.37 85.60+9.465*

90.17+12.31* 90.33+12.70° 98.77+17.15

All values represent Mean+-S.D.
* . Significantly different from control group (p<0.05).

WEZ(CMT A2 EM3, EM4zol] #ol8 7hat 52
R Er JERE R 43 HEAME 22 (CHY BE
A3 EF1, EF2, EF3, EF47te] /98 xlol& Yt
(p<0.05). AFF7ll % EF13} EF4 Atolof| f-23 2olE
By Symphytum officinale o 5ol ubet 7+ il v
AE o] 2 Ao et Es 3 dEdME ¥
o33 88 22| Symphytum officinale &N 2] Bo] 71
F& SGOTY ¥E% F7ishe BRER{%(Dose-response
relationship}S LERSITE. Aspartate transaminase= paren-
chymal celi®] #}JAH(Necrosis)7} #1T 91 2+ 2Agho] =
790l 71522 Symphytum officinale Fod g 99} &
ezt AYE D Qe & 5 Uk olsh & Anhe her-
bal tea EHRA) B8 Sperl 579) wrsh Axshn ek,

Alanine transaminase(ALT, SGPT)— Alanine transaminase
o) % ®zHE Table 6, 78 2ok #3 FEE RT
(CM)a} AET EM3, EM4ztel] HES kige] 2oj7}t gl
A 7+ AE 27l EM1, EM29} EM4ztol §-218F ijo)
£ Ve th(p<0.05). &3 RE= 2T (CHT 48T

EF1, EF2, EF3, EF4 E 5o M {93 539 % F7E
BATHp<0.05). =3 7 REAME FoAF A Fo
Symphytum officinale F+Z 8¢ go] F7144+-E SGPTY
FEL T ke BRFERHFE(Dose-response relationship)yE
YeERNIth SGPTE Yt o2 SGOTY #AksA 7}
3}2)ut kA 7ked (Chronic hepatitis), 7+73 3H(Cirrhosis), 7+2]
284 #H3l(Congestive change in liver) o] gl& mjoj=
%7t Fol 21 F4 7 (Acute hepatitis) 3 I AH(Necrosis)
Al SGOT Bt #A3) F7lehe Zos g3y glon
2 8 A% Axel vj@A] SGPTe Z7} ¥o] SGOTH T}
2 A Vebd S Symphytum officinale £ 2 Q18] v A
9l BF B2l 9AZ o] gy Ao Aoy
o} Carlsson 0] B 13 Ao} x|k},

Serum alkaline phosphatase(ALP)— Alkaline phos-
phatase &} 5% 3} Table 8, 99} it} £ PEE= o
Z(CM)? 283 EM2, EM3. EM47}o] §-9]%F 4239
BESLE e 74 d87 e 25 fo%
9 T #BNnE LAY 4R AEL R F(CHT} 23

Table 6. The Concentration of Alanine transaminase after administration with experimental diet in male rats (unit: U/L)

CM EM1

EM2 EM3 EM4

Conc. of ALT 22.09+6.09 30.50b+5.48

29.25+7.16 34.36+6.12* 39.25+5.30**

All values represent Mean+S.D.
* : Significantly different from control group (p<0.05)
** : Significantly different from control group (p<0.01).

Table 7. The Concentration of Alanine transaminase after administration with experimental diet in female rats (unit: U/L)

CF EF1

EF2 EF3 EF4

Conc. of ALT 2217+£7.13 33.90+6.28*

34.25+6.51* 35.83+4.20* 34.38+5.98*

All values represent Mean+S.D.
* : Significantly different from control group (p<0.05).

Journal of Food Hygiene and Safety, Vol. 12, No. 2, 1997



146 Hyeong Ae Bang and Yong Wook Lee

Table 8. The Concentration of serum alkaline phosphatase after administration of experimental diet in male rats (unit: U/L)

CM EM1

EM2 EM3 EM4

Conc. of ALP 24.46+4.21 34.70+6.38

57.50+7.91* 72.00+9.32%* 82.67+10.04***

All values represent Mean+S.D.

*: Significantly different from control group (p<0.05)

** . Significantly different from control group (p<0.01)
** : Significantly different from control group (p<0.001).

Table 9. The Concentration of serum alkaline phosphatase after administration of experimental diet in female rats (unit: U/L)

CF EF1

EF2 EF3

Conc. of ALP 40.33+9.38 78.60+11.11*

84.17+12.07* 84.58+10.83* 89,15+ 7.99%*

All values represent Mean +S.D.
*: Significantly different from control group (p<0.05)
** . Significantly different from control group (p<0.01).

T EF1, EF2, EF3, EF4 5ol 4 f98 &9 Frrst
7} 91l 7t A8 FE7kel = EF13 EF4 Alolo| §98 2}
ol YefAth(p<0.05). T 7 HEMNME Fq%
BEE 9| Symphytum offzcmale Zzdlo| o] Z7}3t4
2 ALPY : Xk F713lE 2 ERI%E(Dose-response re-
lationship)S ERHSITE ALPE vﬁ*_@_; oyle] %
oJu} 7toll noduleo] HAH FH$- Tl wet £x|7} F7hst
= Rer ey U’

IR TR

Symphytum officinale®] & Tolz Fid ikge
HE P Aa 3, A wl A, #H, A5 F bl A
JEFFE  183F(Focal necrosis), Periportal necrosis, #4%E
{Apoptosis), Chromatolysis, Chromatin margination, Fatty
change, Hydropic degeneration S| F%23 utgl wajalAt
So] 2 uEhtn et B7)e] ZAolME Sold v
Hajo] Az gohrt. E e Wl vRE Sym-

Photo. 1. Focal necrosis of liver of group EM4 (H & E, X
400).

phytum officinale HiHi#E 2] 9432 Photo. 1~60] e
o AREEC] 54 Edd & o iR FulF
o2 el H MWl Lehit 1) ol 1) e 3)
o B3| P {HHEe] T FulogRE] HalgFo) o) F
of Al Aol F8 olfolth e N-oFRolLt SHEHE
Aol EitfbE o] H4de) L s dialab o] doju= F
g Arloln tAabsEo] g s dolxe v)e B

NEE S BHo] L7 Saol dlaldE @
S M HTh wE e Buo e QAFEe w1
7] w2l AT ool A DA FikEe FR 2]
olth 1elB 2 Buol A E] SRS Shol LEH B
47} ol the AvlE Had il 2e Axe

fAIE-S AR E e AeZ deix QU

JR % 1M5E(Focal necrosis)— Photo. 12} 238+ EM3¢}
EMdo Al Bedzls Fad Habe 48 S8 7545 i
fi3lg oo AwrHoR vepdct. ol2{gt Fele] Al

Photo. 2. Apoptosis, chromatolysis and hydropic de-
generation of hepatocytes of group EM4 (H &
E, x400).
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Atgoll A oJe] FHel dES T Fo et Ao
2 Husn o AYgEe] S A5 UE
URE oenh ™ 2o fahe 299 ofs A E
2] e 4= s BB AAbe TP LR R E T At

BAe F& o] HEOR 34 ATR PAH0 Y
Ag B 4 Utk e DT Sl E 33 walel 33

AE7E T e AES] gl HE B 5 i & oEs
A 1 mm o iRel WARHER dehh 53] GFAE
A hebal we ek B, A ERel Fae
s <) ekal,

FEFE(Apoptosis)— Photo. 29] 28] EMd4ofj A 2yl 11
AbE FRRAY A AWS Holi= AR A
o0 3 FeE Arlehes el S22 AER FE AEA
o ixibo] WD AEME AUE BAEA U
7202 veldt) Apoptotic body = 7789l 7F M| E7} 2}
A& E Zdoj7tn AU Aow 2 ogE= Hetn

5 Z

2= A el o E

o
N
o 3

i

LNTAIC

2

A
w2
i

ol Al 2]
5 B B =1 -

{

Photo. 3. Fatty change of liver of group EM2.
The Variability in size of vacuoles is evident (H &
E, % 400).

Photo. 4. Hydroplc degeneratlon of hepatocytes of group
EM4 (H & E, x400).

282 Uehdth 2 M nAE AE7t g e
of ufg- wtor o WYL FHE Tt Al
7 £HBe R ABHE 2GFATE A Rl o
ghrjolch. geju} EMAel A #ae DAke 4T
A F2 DAL dehbs Hol BAHer FEEWE o

Ho g oAzt

RERK{L(Fatty change of liver)— 7H34-& HAIA fehhia
o] FF71Heln, Ae] o] Eusitt. 7hy YArale)
Dol ek AGFAUe T EE AR

= Foll sh A S dod)v) #%-
2 el A S 7He] 2414 '] i dole} shot.
474 Abtgisdel vlsl, Photo. 39| ¥ EM2ojAet 2
of AT A & Aol epd wrt 9l
= ol o] & A olatsitt. of= Hdo g Aukggel 3
PEAY 1 oG 71 e eyt 1 4 3
E2 gW A 7 AR EREDT 2 gl
el FbebA] Bl x]uk7H(Fatty liver)o] € 4= Qith

KRS 44 (Hydropic degeneration)— Photo. 4ol A&

¢

Photo. 5 Apoptosns and chromatolysis of hepatocytes of
group EF3 (H & E, < 400).

Photo. 6. Chromatin margination in liver of group EF2
(H & E, x400).
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EMAF oA AT e} fHlugirl 2898 Ay £5% ©
= T4 HAE prRel BEdnh®

HAMF Rafl(Chromatolysis) %! Chromatin margination
—Photo. 59} 60| A= AT EF32} EF20llA A L3 (Cell
nucleus)®] EMAo| BifEE A JuHo| Hubulo] ik
o 32t%l Chromatin margination 4 7o] 35t}

B A &

B A7 Symphytum officinale®] ZZ9%o] Sprague-
Dawley#| RE o] Folsls] Hijko] #My 2 =gt B
ool vl A des Al RA SFAHACT YT ES
- HE 12001 E AR on, tl2E(CM, CPllE
EHEHEE FA3IT 48T 1%2%, 4% 2 8% 234
o|& oI5t Hrro) ujel EM1-4, EF1-42 Uro] 85 Fot
APt Symphyum officinale &8 o] FHiEFES )
}3l7] flal )5l X 9dESerum total bi-
lirubin, AST, ALT, ALP), i) HaldA eAdE 29
I Symphytum officinale2} F& 8% ol2] g Fife] 2 HH
BRHE Q] Pymolizidine alkaloids®] g 23R -& A&}
ST 2 HES AT

Symphytum officinale 3tk =2 PAs 2

% G7lRolz FHgL o5 WlRo|E F FEXF
(major alkaloid)2. 2 Z3j3= open diesterT%9] sym-
phytine, echimidine, lasiocarpine5-¢] Vehli+ 35S 1
Aot AAYG. AR FEN Fof PAsEELS 168 ng
PAs/m/ extract o|™ ©]& comfrey A4 Fo| T3 g F &
Fh2olm gao 2 FEhd 0.05% wt.olth.

AETNA Aol dFH 7] 30~40 g/day/rat Helojng
A8 ZEd 1950 7L 48~64 pg PAs/day/rate] &712
o|=9] g RS FEY 2%F ool 96~128
ug PAs/day/rat, 4%5-o] Foll = 192~256 pg PAs/day/rat 1
2] 11 8% Fo o= 384~512 pg PAs/day/ratS §38 A
o2 Jepgth

Symphytum officinaleO| FT#ge %4t #480) O|X|=
2

Total serum bilirubin2| ;MF L — 7 FEA of
ZF(CM)9] bilirubinjfE= A&+ EM2, EM3, EM4¢}
o ol HEMAL 4 HENME I (CFI 2
E AET EFl, EF2, EF3, EF43loll BAH 02 {8 5
o] #LE VER U THp<0.05).

Aspartate transaminase(AST, SGOT)— Aspartate tran-

saminase®) FEWE = FR RENA YZFA(CM)F 2E
T EM3, EM47tol] HEE BHek &9 T T/ JEl
347 AESME d22(CRHE L8 43T EFl, EF2,
EF3, EF4zt] #-98 2to]& JEFNATHP<0.05). 4d+
Ztoll = EF13} EF4 Alolo] 0|3t 2288 Koy Symphytum
officinale T-o F ol whe} 3t 1Al viXE J3o] E A
°2 yehgtt

Alanine transaminase(ALT, SGPT)— Alanine transam-
inase®] $& Wale A YEANA E2F(CMT HE7
EM3, EM4zbo)] Fol 8 #50] abel7} dlm 2 HE T3
o= EMI, EM29} EM4ZHo| §-0)8 2to]& UEIITHp
<0.05). 4R HEE WYET(CFHI N¥F EF1, EF2, EF3,
EF4 B5o4] §08 £70) 55 2715 R JrHp<0.05).

Serum alkaline phosphatase(ALP)— Alkaline phosphatase
9 v = W3t FA PEAM gz (CM)F HET EM2,
EM3, EM4ztol] §-2oJ8 &9 $iss Jepila Z
1Pl e 25 fold 29 5% $718 2ok ¢

E& Ul2#(CF)@ 43¢ EFl, EF2, EF3, EF4 2%

AN felg $3e) FENIL AT 7 PP
EF13} EF4A}olol $-9 3 2bo] & UERRATHp<0.05).
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X
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Symphytum officinale®] F& S8 ZFHE iR o
HE A A7 1, A%, v ), Qe F HgelA
29544 HAL, FAA HANFocal  necrosis), A}
(Apoptosis), Chromatin margination, Fatty change, Hydropic
degeneration 52} FET 3l Wlzjd 450 2 Jehn
716} A7]o] 2 e Bold Tht & do] watsx] et
Th(Photo. 1~6). 1317 EM3st EMAT EF30)x) Bt 18
FEZ Periportal necrosis?} WS o0] A3 EM4o A
#EFE AR Bl ZAEA RS Holv THEY
MEHQ g9 & HelZ LFF TN dutyoz vt
A EMAFo A B3 AR AGFRRA 2 1
AL UElYE Ao] B oz FEEGS gulog oA
Ack. B4 23 Hls] ¥ EM2o| A= 7Hgoz
AFFo] BYHAY 1 o)) ey} ddde
Efthe A Fol AgFEdel vud Z A #@
A= Aot EM33 EMAT A = P9 NEA7} 42
g A FFF Ee FEFCE BYE o] BEEY
o w3 A EF2¢F EF3o M= A EH(Cell nucleus)?)
Aol e A Jdzo] Fad o) Skl e
Chromatin margination fif §.0] Z2ts] it

Aot 22 HEFAES L2 & W Symphytum of-

ficinale %4 2] AP EFE 2%Y 7|7 gHEFIA] A
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HE 2 dFNA B ¥k st £ FAEe] 22453 3
HEA o) FEn) A EiER e MR mast celle] 5
7} F7kehe EA eS| Yehdtin B £33 ol
3 HHE AYHQY YEARE gL ATEFHS] A
23} uhe} 2+o| Pyrrolizidine alkaloids7} 2.3 Ao g #
gy 7|EAgoen <la] JUdE-Folt AlAs et
&8 Aol PAsEHR HEEL] e Bt A7
Bage fushs Ao wagym gtk Addd né
PAse] & 3] Mattocks' = retrosineojl} mono-
crotaline?] FAEA| &l £ AE] HS YHR 7
Z=Mo] WA Aty 3P o1} Jago™: lasiocarpine o A|
Uehbes hdEAcMe daiode] Zdeidel At B

2H B QoA o - & BFA FAEHA vehd
ol Jgg Sast gl
#4: % (herbal medicinelif & BIw A 7}Ao] APsln F
WHoll M &4 A 7T 4 Uthe o ol RizklA o)
AR E T gl AAolY B A gelA] Bad upet 2
& i = AlfEfe] 728 e BE AN O 24
ol g3 = Auhulyl 58wt Al ARvle) 2AE A
% A3 Algsieor sh ZNALS 3 A Aol
ez e A FAEAHeR AEHD e B At
gl iz Bk fsbHolm MAER] kA F

3 AEo] 43| o|Fof Ao} grtn A€t

ol 1l

o
=

L)

A2q0t

B A& Symphytum officinale®} F%9%o| Sprague-DawleyZ] SHES] ZAHH kel #L L 232|813
HW o] v|X e 9E AR FYEHAT APFES o - 5 YE 12001 E Ao, daT
(CM, CFPll & EEEEE Sdstn AE TS 1%, 2%, 4% 2 8% A ¥ 20| & Foig B Lo ufe} EM1-4, EF1-
42 o] 855t AL Symphytum officinale 29 0] HYEEE velsly] fla) H¥70 F ¥
F29 g2)A WA EZ7HY, NolAHE, Aol A L) viXe g, fFEE Mol 1A= 4 %¥(Scrum total
bilirubin, AST, ALT, ALP), #igko} HaldAd #UA % 123 Symphytum officinale?) F2A 3 ol24% HiE
o] HHA FERMWES Pyrrolizidine alkaloids®] ¥ 23S AAlstd thgds & ZEE AU L
Symphytum officinale ¥htii ¢ PAs &, & 4ilRol= AL ©|E LItER0lE F HERS (major
alkaloid)© 2 Z| 8l open diester 7 22| symphytine, echimidine, lasiocarpine&¢] el FFEE 122idto]
ARG oluf, 358 YIRS 0.950]1 estimation curve slopet 0.068, #FTE 1.090] 1 A8 3%
of 9] PAsEHE 168 ug PAs/ml extracto]T}. comfrey B2 Foll £3e & Ad7lRol= L 0.05% wro|tl.

2. Symphytum officinalec) Frifik #{tol v = ¥

S8 1) Total serum bilirubin®] & #{,. =3 HEA

N ZZ(CM)2] bilirubiniifEE ¥ EM2, EM3, EM49} HET 0|8 el <47 dEJNE 2T
(CH® =& AT EF1, EF2, EF3, EF4zte EAHo 2 Fog 59 #(tE YefRAcHp<0.05). 2)
Aspartate transaminase(AST, SGOT). Aspartate transaminasc®] ¥FER 3= 7 DEA | Z2F(CM)T AL
EM3, EM47}e] HET 18 539 3= 7Pt et s ¢4 AEd s d2(ChH® Z& 4¥ & EF), EF
2, EF3, EF4ztel] 2@ 2ol & JEhfUTHp<0.05). 4P TN = EF13 EF4 Alolo] feoldt ZRE Ho
Symphytum officinale o wEo| wel b HEC] vxle G¥o] & Rez et 3) alanine
transaminase(ALT, SGPT). Alanine transaminase®] Fx W¥W3le =7l Y EAA f2TF(CM)} A4 ¥ T EM3, EM
A7l o3t 39] aol7t YUY 2zt PPl EML, EM29 EM4Z ] 828 2to] & vERNQITH(p<O.
05). ¢7 PEE ZFA(CHT AP EF1, EF2, EF3, EF4 2504 98 £F0] ¥ Z718 2o (p<0.
05). 4) Serum alkaline phosphatase(ALP). Alkaline phosphatasc®] ¥ % ®3le 31 HENA HA2F(CM)T}F A
¥ EM2, EM3, EM4zZte] f-2l3t £59 $EH3E Vvelligln 4 48 #telx 5 /93 89 55 F
7HE Bt 43 HEE d22(CPE 48 2 EFL, EF2, EF3, EF4 B5ol|A foi& e Fx¥sis ddm
Z} AT EF13F EFdAtolol] 2§t ol JeEPATHp<0.05). 3. HPEHEREY FrR. Symphytum
officinale?] 729 T2 FEY e UHE BT A 77, A4 WA, H, Aok F el a%1F
A4 FALE, IZAA #AR(Focal necrosis) 1AM Apoptosis), chromatin margination, Fatty change, Ilydropic
degeneration 52| F5% W3 W)@ 35| F2 vebia Ve AV]e] 2AANME Kol @ 3 dJo] A
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