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Analysis of Constituents in Jamaica Quassia Extract, a Natural Bittering Agent

Naoki SvcimoTto!, Kyoko Sato, Takeshi YaMazakl and Kenichi TANAMOTO

(National Institute of Health Sciences: 1-18-1, Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan;
Y Corresponding author)

Jamaica quassia extract, a natural bittering agent, is described as “a substance extracted from
bark of Jamaica quassia (Quassia excelsa Sw.)" in the List of Existing Food Additives in Japan. The
constituents in Jamaica quassia extract product were investigated as a part of an ongoing study
to evaluate its quality and safety as a food additive. The main constituents of the extract were
identified as quassin and two isomers of neoquassin by using LC/MS. The main constituent,
quassin, was isolated and the structure was determined by spectral means. The quantification of
their main constituents was performed by HPLC using quassin as a standard, and the concentra-
tions of quassin and total of neoquassin isomers were 21.4% and 55.5%. In addition, it was
confirmed that Jamaica quassia extract was different from quassia extract, which is extracted
from bark of Picrasma quassioides BENN. belonging to the same family as @. excelsa, by comparing

their HPLC profiles,
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Quassin (1)
Ca2Hag0p
MW 388

Fig. 1.

BHHERRED

ks o=t 75 7 /BESTHEER: Waters 1158 LC/
MS system (LC: 2525 binary high-pressure LC pump,
2767 one-bed injection-collection sample manager,;
PDA: 2996 photodiode array detector; MS: ZQ-2000
single quadropole mass spectrometer)

BRI R < 2 kL (NMR): JEOL alpha-500 (B &
BT (HR)ED. homonuclear shift correlation spectrosco-
py (COSY), heteronuclear multiple-quantum coherence
(HMQC) # & U heteronuclear multiple bonds correla-

tion (HMBC), nuclear Overhauser effect (NOE) 2 2%

BREvAFL22H0, NMROY I ALy 7 MER,
TMS (tetramethylsilane) % N &% & L, 6fH% ppm
B THL L

4. HPLC &t

ISR #5 4, Atlantis™ dC18 (4.6 mm i.d. X 100
mm, 5um, Waters #:8); # 5 A8, 40°C; B8, #
¥/ —=-Kk=40:60; EAR, 5uL; #i#E 1.0 mL/min;
R E, 255nm

5. LC/MS &it

LC & # 5 4, Atlantis™ dC18 (4 6 mm id.> 100
mm, 5 pm, Waters #:88); & 5 L8E, =g, #BEM48,
A% 7 —==7K=40: 60 (0 min)}—55 : 45 (25 min)—=100 :
0 (35 miny ZEARL, 10xL; FE, 1.0mL/min; 27 Y »
b, PDA-MS=4:1; #iHiER, 255nm

MS & v —ZEE, 120°C; RAERER, 350°C; ik
BN A, 350 L/hr; 2 — v #H X, 60L/hr; + » &5
V-8B, 30kV, 2~ 8BH, 45V (ESI pos.); —25 V
(ESI neg.); X % » vE5HH, m/z 50~600.

6. —HimmbHhonry

AR =& FHAK 05 gick50 mLAMA T
90°C m7kigrhT 30 syEnE L, BHERS AL A
HAEREEI:E L THS 27 mg £187-.

Ay — MY = FMAKR 04 gl sy s =00
40 mL £MA T 70°C ©KBHT 30 S HMAL, REE
BABLE ARERETEL THES 22 mg 21572,

Neocquassin (2)
CooHap0g
MW: 390

Structures of quassin {1} and neoquassin (2)

7. LC/MS st oiEs

e wA ANy v THESBRABE L= HERT LD
RIS = A4 Ok, # & 7 — it %
ENENASY = VIERL, BES0mg/mL s FARIL
126 0% LC/MS SAhradft & Lz,

8. Quassin (1) OB%E - 1%

VaewARh o vTHEORA 1g 205w 5 4
(M. 50 mm; £ & 250 mm; BEME. 7 oot a-
A&7 —n=19:1) iftL, FHliEE TLC (BHEEE:
soafib-xy /s —n=19:1 BHEE: UV 254
nm) TE=4—LAMKS, H10mL F£o2EHL &,
quassin (1) HEE&HE, BET, BE2®EE LA
quassin (1) (36 mg} 757z, 15 o7 tH quassin (1) % BF
g n-2%5 7 —-nick b EERL T quassin (1) (34
mg) 2§,

Quassin (1): colorless powder, mp 222~223°C (Merck
Index: mp 222°C), MS (ESI pos.): m/z 389 [M+H]", 411
(M+NaJ*. '"H-NMR (CDCly) &: 1.12(3H, d, J=7.0 Hz, H-
18}, 1.20(3H, s, H-20), 1.56(3H, s, H-19), 1.81(1H, m, H-
5), 1.84(1H, m, H-6a), 1.88(3H, s, H-21), 2.09(1 H, ddd,
J=3.0, 3.3, 14.0 Hz, H-6b), 2.42(1H, dd, J=7.0, 11.6 Hz,
H-14), 2.49(1H, m, H-4), 2.60(1H, dd, /=11.9, 185 Hz,
H-16a), 2.99(1H, s, H-9), 3.00(1H, dd, j=7.0, 185 Hz, H-
16b), 3.59(3H, s, OMe(C-2)}, 3.67(3H, s, OMe (C-12))},
430(1H, dd, J=2.1, 3.3 Hz, H-7), 5.31(1H, d, J = 2.5 Hz,
H-3). *C-NMR (CDCls) &: 25.8(C-6), 31.1(C-4), 31.6(C-15),
37.0 (C-8), 43.2(C-5), 45.8{C-10), 46.2(C-9), 46.5(C-14),
54.8 (C-3-OMe), 59.2 (C-12-OMe), 81.8(C-7), 116.3(C-3),
137.5(C-13), 147.9(C-2), 148.2(C-12), 169.0(C-16), 190.9
(C-11), 196.1(C-1), 197.7(C-1).

9. HPLCAHEHORAYME & U quassin (1), neo-

quassin (2) DER

YewARAy 7N 50 mg ZHEICERD A
¥/ -A10mLic/AR L, HPLCAaFE &L L 2
1o, BEEE . $58UL 72 quassin (1) 3.0 mg ¥y,
A9/ -0 15mLIciEREL, 1/2/KREROEL, 20,
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1.0, 0.5, 0.25 mg/mL AR L1z, BEEE 255 nm 28
WT, RIBEOD quassin (1) D E— 7 L DR LK
BB L, YA hhy v 7 HNEIPD quassin
{1) 5 L T neoquassin (2) ZELL /2.

HERELUEE

1, Quassin (1) & & Tf necquassin (2) DFEER

Vyed Ay v THIHYBIRB LU= A EEA LD
AL = A+ Gk, # ¥/ — A HBYD %
LC/MSERIRMLAEBRLFig 2IKRLE Yyea
B H e T HESRRIE, BREEE 255 mmicBWT,
BRI 799 (=2 A), 1334 (E—7 B), 14245}
(=27 C) 0320 -0 hi. E—7 AL,
ESI-MS (pos) I8 WT, m/z 389 [M+HT, 411 [M+
Nal* 52 - b odimimofFHdao 1230

a) C

b}

i

5 10 15 20 25 30 35 min

Fig. 2. LC/MS profiles of Jamaica guassia extract prod-

uct and quassia extract prepared from bark of P.
quassioides
a) Jamaica quassia extract product, b) Quassia
methanol-extract, ¢} Quassia water-extract, A: m/z
389 [M+H]*, 411 [M+Na]* (quassin (1)); B and C:
m/z 391 [M+ H}", 413 [M+ NaJ*, 389 [M—~H]”
(neoquassin isomers (2))
LC conditions: column, Atlantis™ dC18 (4.6 mm
id. X100 mm, 5um); column temp., r.t: solvent,
A=water, B=methanol, 0 min(B=40%)—25 min
(B=60%)-+35 min(B=100%), flow rate, 1.0mL/
min; injection, 10uL; split rate, PDA-MS=4 : 1;
detection, 255 nm

5 quassin (1) TH 3 LHEFINI. 227, Mo v~
ANy YTHIIMKE S VA VAS L7 o= bk
L, ¥=7 AlcHRT 2% BE - HRLL Boh
fib&Ynt, Ry 222~223°C 2L, 7/, NMRHE
EMXERED E—F Lo &b 5, E—2 A% quassin
(1) ERELR. —F4, ¥~ B, Ci2ESI-MS (pos) =¥
W, i m/z 391 [M+H]Y, 413 [M+Na]* #5%,
ESI-MS (neg) B\ TH, 2 389 [M—HI- #8524 1.
£/, E—27B,Cid, 255 nm{HERBRBRNEHE>
F=2 ALBEELVWPDARNZ bAESLILCED
5, ZH bt quassin (1) LRI AFRIC a, 8 R
NE=NEEUL T EMRMBE AL (Fig. 3). £-T, E—
Z B, C i1 neoquassin (2) @ 16 (O IL{ERYEY T 2
CRELL. 6K, BHER 192~600 nm B W THA
MR EEELET S, ¥—2 A B CLA S
REQE—-7REFILL 72T &0 5, RihHES
HMEIT quassin (1) B L neoquassin (2) I2 L DRz 1
2b0LEZ LN,

2. =N+t orms

—%, =A+mbE, BERNMLENEREEY 2 b
i, TOBR B FHELT, =4 +H=#%+ (Pic-
rasma quassioides BENN.) OB T L3 E LY, KT
ML T bD, R4S/ —LTHIELEbLD
ool bDTHS. BHIESIE2 7 ¥ v (quassin
M TH3 ] EERETWE, LT, YeeAh

42
A
1982
2
B
12
»12
C

200 | 280 | 300 350 400 450 500 550 | 800 nm

Fig. 3. PDA spectra of peaks A, Band C
A: quassin (1) B and C: neoquassin isomers (2)
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Fig. 4. HPLC profile of Jamaica quassia extract
1: quassin; 2; neoquassin isomers

N

25 30 a5 min

LC conditions: column, Atlantis™ dC18 (4.6 mm id.X 100 mm, 5 gm); column temp., 40°C; solvent, methanol-water=
40 : 60; flow rate, 1.0 mL/min; injection, 5 xL; detection, 255 nm

Ay TR EER oYL D ERSh S = A H 1Y
i, A IRIERIETH AERESEA b b, KA
HRE LTo=4+ s, BE mSc#EL TV
WEENTEYWAFTE N1, COFEHEALTE
(UEHMNS D, 22T, BERDLEELREY R b
oI T, =& HimEY Gk, 25/ -
AFHED EFARL, TORSMERI > LWTERNLL £
DR, SEFEBL =7 F MY Ok, A5/ —
A OFRSHRIE, YevAd Ah o yTHHEE
B v, quassin (1) 8 & ¥ neoguassin (2) KA EEHD
B raSbRETTH 2 EHALMEN - 12 (Fig. 2).

3. VevAhNhy L7HEYPO quassin (1) BELT

neoquassin (2) DER

Yewd Rl Y THINRISEDO quassin (1) BL U
neoquassin (2) ZFE & L /2. HPLC Iz 5T, quassin
(D BEEEM 78 REIES N, 7, necquassin (2)
D2 >OMFEREFIL 13T HIC I 2D —-2 & LTHE
ahi: (Fig. 4). EBAERLLTY»=A 0y YTl
BYBRED YV AF VIS AT ORI T 4 —iC&D
BAEE o FERI | 72 quassin (1) 2V, TOREELREBREE
255 nmic B W3-~ mML V@XM BER (v=
71092855+ 120080, 2=1.000} 2{ERX L 7. #&, quas-
sin (1) & neoquassin (2) 13, BARER 255 nmicHWT
Bl—o = A TEREE (6 =11650, Merck index) &>
&5, neoquassin (2) OFERITIE quassin (1) & D {ERK
Li:BESEEHAV, 2088 SERHIKAVWEY y <
A8 hy T HBYEGS mgicld, quassin (1) A%
1.07 mg (21.4%), neoquassin (2) 1 2.77 mg (55.5%) &
Fhal Ehihoi,

¥ & B
B, BERIDCE, ANRReEERBOLVRE
PEECEShTVWE, FESE, Bk BFERENYOR

BBLUREHEEERETLANT, SREORSEX
CRBISWTHRELTWS, To—HRE LT, RATEL
HolotasvevAnhy vriEIontis LU
EERESOERET 1. Vv oA A h y Y THIHEDR
S EREELERSY quassin (1) B & UF neoquassin (2) D4HT
IZid, LC/MS /R TE >, 72, quassin (1) B &
U neoquassin (2) OERIE, FiMHHHRLD v I H Y
ABShraw by 374 — 0k - THENES ICHRE .
81350 EHTE S quassin (1) 2 ERABRRET AL
L TAETH b, BIFHPIC quassin (1) (21.4%) LU
neoquassin (2) (55.5%) MEF SN BZ T L 2L MEL
fo. R, REREMEERE TS =4 FHHmEH
BILTRETLAEEC A, Vo=l hmy 7RIS S
2ORAHERSEL LI LERASHLE L KFEER
X, PreAhHh ey TR0 & UBIRINE
ORDORBEEEIEELILNS,
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Abstract
The constituents of absinth extract product, a natural bitter flavoring, were investigated as a part of an ongoing study to evaluate its

quality and safety as a food additive. Two constituents, namely absinthin and anabsinthin were isolated. The concentration of absinthin,

the main bitter constituent, was 2.0% in the absinth extract product. It was also confirmed that the origin of the product was the aerial

part of Artemisia absinthium L. (Compositae), as determined by comparing TLC and HPLC profiles of the product and 50% ethanol

extract prepared from the aerial part of A. absinthium.

Key words: natural bittering agent; absinth extract; Artemisia absinthium L.; absinthin; anabsinthin

l. Introduction

Artemisia absinthium L. (Japanese name: Nigayomogi), a pe-
rennial plant belonging to Compositae family distributed through-
out Europe and Siberia, is known as wormwood, and used for
anthelmintic, antimalarial, gastric and tonic effects. The aqueous
or ethanol extract of A. absinthium is called absinth extract or
wormwood extract (Japanese name: nigayomogi extract) and is
nsed as a natural bittering agent for alcoholic or non-alcoholic
beverages, because of its bitter taste and fragrance. The List of
Existing Food Additives in Japan) stipulates that absinth extract
is a substance composed mainly of absinthin {1)? from the whole
plant of A. absinthium.

To date, the constituents of absinth extract as a food additive
have not been fully clarified. In this paper, the main bitter con-
stituent and other dimeric sesquiterpenes in absinth extract are
investigated, to contribute to an ongoing comprehensive safety
evaluation of food additives by the Japanese Ministry of Health,
Labor and Welfare.

Il. Materials and Methods

1. Sample and chemicals
Absinth extract product prepared as a 50% EtOH solution, the

commercially available product in the Japanese market, was sup-
plied by San-Ei Gen F.F.I. Co. Ltd. for safety evaluation.
The dry leaves of A. absinthium was purchased from an internet
shop specializing in herbal tea, e-tisanes (the web site:
www.rakuten.c'o.jp/e-tisancsf). All chemicals were of reagent
grade, and were used without further purification, Silica gel 60
Fasa (20 cm x 20 cm, Art. 1.05715) (Merck Co., Ltd.) and RP-
1BWF2s4 {10 ¢cm x 10 cm, Art.13124) (Merck) were used for
TLC. Silica gel 60 F254 (20 cm x 20 cm, Art. 1.05744) (Merck)
was used for preparative TLC. Silica gel 60 (70-230 mesh Art.
1.07734 (Merck)) and ODS (200-350 mesh, Chromatorex ODS
(Fuji Silica Chemical Ltd.)) were used for cpen column chroma-
tography.

2. Spectroscopic analysis

NMR spectra were recorded on a INM-ECA (600 MHz and/or
800 MHz) (JEOL Co. Ltd.) with chloroform-d as the solvent.
Spectra were referenced internally to tetramethylsilane (TMS) in
TH-NMR and to the solvent in '*C-NMR. Assignments of the
proton and carbon signals of all isolated compounds were con-
firmed by pulse field gradient (PFG) heteronuclear multiple quan-
tum coherence (HMQC) and PFG heteronuclear multiple bond
connectivity (HMBC) experiments. Fast atom bombardment mass
spectrometry (FAB-MS) spectra were performed using a JMS-
700 (JEQL) mass spectrometer in the positive and negative modes.

Corresponding author: Naocki Sugimoto, National Institute of Health Sciences,

1-18-1, Kamiyoga, Setagaya, Tokyo 158-8501, Japan
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3. Isolation of compounds 1 and 2 from absinth ex-
tract product

Absinth extract product (20 mL} was dissolved in water, and -

the solution was partitioned with chloroform (CHCls), affording
a CHCl3-soluble part {1.29 g). The CHCl3-soluble part was frac-
tionated subsequently on a Silica gel column by eluting succes-
sively with CHCl; - acetone (each 200mL of 19:1,8:2and 5
5, 100 mL of 0 : 10) and CHCl3 - MeOH (each 100 mL of 5: 5
and ( ; 10) with monitoring by TLC. The eluates were concen-
trated in vacuo, affording eleven fractions (Fr. 1~11). Then, half
of Fr, 5 was fractionated on an ODS column with MeOH - water
(3 : 2) with monitoring by TLC, affording crude compounds 1
(36 mg) and 2 (23 mg). The crude compound 1 was developed on
preparative TLC with toluene - CHCI3 - ethylacetate (AcOEt) (3
:5:12) to give compound 1 (15 mg) as colorless needles. The
crude compound 2 was re-crystallized with hexane-acetone to
give colorless needles of compound 2 (5 mg). 'H- and *C-NMR
data of compounds 1 and 2 are shown in Table 1.

4. Preparation of sample sclutions of TLC and HPLC
analyses

Absinth extract product (10 g L) was diluted with 50% etha-
nol (EtOH) (990 g L) and the solution was used as the sample
solution of the product. The dry leaves of A. absinthium (5.0 g)
were extracted with 50% ethanol (EtOH) (100 mL) for 3 days,
and then 10 mL of the solution was filtered and the filtrate was
evaporated in vacuo, The remaining residue was dissolved in 2.0
mL of 50% EtOH and the solution was filtered through a Millex
0.45 g m filter (Millipore Co.). The filtrate was used as the sample
solution of 50% EtOH extract from A. absinthium.

5. TLC and HPLC analyses

RP-18 TLC was developed with MeOH-water (3:2) as a sol-
vent system. The spots were detected after spraying with 10%
sulfuric acid (H2804) in MeOH and gentle heating. The HPLC
system (Waters Co. Ltd.) consisted of an Alliance 2965 LC sys-
tem with a 2996 Photediode Array detector (PDA). HPLC con-
ditions were as follows: column, Atlantis™ dCis (2.1 x 150 mm,
3 2 m) (Waters); flow rate, 0.2 mL/min; mobile phase, 50%
MeOH (0 min)—50% MeOH (30min); injection volume, 10 g
L. The on-line PDA detector monitored between 191 and 600
nm. The quantity of compound 1 was determined by using an
absolute calibration curve to peak area at UV 210 nm of com-
pound 1 isolated from absinth extract product.

I1l. Results and Discussion

1. Structures of compounds 1 and 2
The absinth extract product was fractionated via silica gel and
ODS column chromatography, and finally purified by prepara-

tive TLC affording compounds 1 and 2 mainly. The structures
of compounds 1 and 2 were identified on the basis of their spec-
tral data. .

Compound 1 was obtained as colorless needles. The molecu-
lar formula was determined as CagHagOs (MW = 496), so the
FAB-MS data of compound 1 indicated molecular related ion
peaks at m/z 519 [M+Na]*, 497 [M+H]* and 479 [M-H;0+H]*
along with the reverse Diels-Alder product ion peak at m/z 249
[M/2+H]*. The }*C-NMR spectrum showed two carboxyl groups
(-CO0) (& 178.50, 178.88) and four olefinic signals ( & 122.16,
134.94, 147.72, 148.44). The results suggested that compound 1
consisted of a Diels-Alder adduct of two guaianolide-type ses-
quiterpenes such as artabsin® (C1sH2003, MW = 248). The as-
signments of the proton signals of compound 1 were based on
H-'H COSY. The 'H- and *C-NMR data of compound 1 were
compared to previously reported data® 34 for constituents of 4,
absinthium. From this comparison, it was concluded that com-
pound 1 was absinthin?), the main bitter constituent of absinth
extract (Fig. 1).

Compound 2 was also obtained as colorless needles. The pro-
tonated molecular ion peak at m/z 497 [M+H]* was only observed
by FAB-MS, suggesting that compound 2 has the same molecu-
lar formula as absinthin (1). Its '*C-NMR spectrum showed two
carboxyl groups (-COO) (& 178.58, 179.08) and two olefinic
signals (& 132,35, 148.43), By comparison of *C-NMR data
between absinthin (1} and compound 2, it was predicted that the
olefinic carbons { & 122, 16, 147.72) at C-3 and C-4 of absinthin
(1) were replaced with a methylene carbon (& 34.69) at C-3 and
a methine carbon (& 88.35) bearing an oxygen atom at C-4. Fur-
thermore, the 'H and 13C-NMR data of 2 were identical to these
of anabsinthin, which is known as a cyclized derivative of absin-
thin (1} in acidic medium® (Fig. 1). '

Absinthin (1)

Anbsizthin (2)
Fig.1 Structures of absinthin (1) and anabsinthin (2)

2. TLC and HPLC analysis of absinth extract

50% EtOH extract prepared from the dry leaves of A. absin-
thium, and the TLC and HPLC profiles of 50% EtOH extract
were compared with these of absinth extract product.

In Fig. 2, the RP-18 TLC profiles of the absinth extract prod-
uct, 50% EtOH extract of A. absinthium, and the isolated dimeric
guaianolides absinthin (1} and anabsinthin (2) are illustrated. The
TLC profiles of absinth extract product and 50% EtOH extracts
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were very similar. Several spots were observed on the TLC, and
two brown spots of absinthin (1) and anabsinthin (2) were ob-
served at Rf 0.29 and (.23, respectively, with the tailing spot
after spraying with H280; and gentle heating. The spot of absin-
thin (1) was the most intense one,

Fig. 3 shows the HPLC profiles of absinth extract product and
the 50% EtQH extract prepared from the leaves of A. absinthium.
The peak patterns between 7.0 and 20.0 min of absinth extract
product and 50% EtOH extract were very similar, though 50%
EtOH extract showed a large peak before 7.0 min. Therefore, on
the results of TLC and HPLC analysis, it was confirmed that the
origin of the commercial product was A. absinthium, Peak 1 at
14.0 min and peak 2 at 17.5 min were derived from absinthin (1}
and anabsinthin (2), respectively, as proven by injections of iso-
lated absinthin (1) and anabsinthin (2). Anabsinthin (2) was ob-
served as a very small peak on the HPLC, though anabsinthin (2)
was observed clearly on the TLC. The reason is that the absorp-
tion of anabsinthin (2) at UV 210 nm is less than that of absinthin
(1). Other peaks were also observed on the HPLC, and these peaks
were thought to be sesquiterpenes. However, we could not iden-
tify the structures because they were decomposed in the process

of separating these peaks by preparative HPLC.

g Rivalue
S P - 029
023
& 9
+ O+ o+ o+
A B (o D

Fig. 2 RP-18 TLC profiles of absinth extract product and 50%
ethanol extract from the dry leaves of A. absinthium,
A) absinth extract product.
B} 50% EtOH extract prepared from the dry leaves of
A. absinthium.
C) absinthin (1).
D) anabsinthin (2).
Solvent: MeOH : water=3: 2.
Spots visualized with HySOy/ A,

Table 1. NMR (&, CDCl3) signal assignment of absinthin (1) and anabsinthin (2)

Absinthin (1)

Anabsinthin (2)

position carbon proton carbon proton

1 71.50 2.16 brs 62.99 235 brs

2 45.75 283 brs 41.26 2.19 brs

3 122.16 5.54 s 3469 1.48, 1.67

4 147.72 - 88.35 -

5 64.25 - 62.13 -

6 8273 471 d, /=10.1Hz 8233 4.14 d, /=103 Hz
7 46.60 1.81 49.20 1.77

8 27.59 1.86 2561 1.52, 1.76

g 43.8] 1.88 39.21 1.45, 179

10 7421 - 77.85 -

11 42.39 2.23 42.50 223

12 178.50 - 179.08 -

13 13.19 1.23 d,J=69Hz 12.10 1.21 d,/=72Hz
14 29.44 1.17 S 27.08 1.26 s

15 13.81 1.76 5 16.99 i.19 s

1 57.16 2.26 brs 56.69 253 brs

2 46.82 279 m 43.20 2.70 brd, /j=9.6Hz
¥ 58.93 318 d, J=82Hz 52.49 347 d, /=102 Hz
4 134.94 - 132.35 -

5 148.44 - 148.43 -

& 81.43 457 dJ=110Hz 81.02 4.66 d,J=11.0Hz
T 4945 1.69 49.45 1.85

g 23.68 1.47 23.57 1.53, .79

9 42.56 1.65 43.88 1.57, 1.87
10 72.02 - 74.36 -
mn 42.14 2.18 427 224
12' 178.88 - 178.58 -
1¥ 12.29 1.19 d. fJ=69Hz 12,38 1.22 d. J=69Hz
14' 3237 1.29 s 29.43 1.27 s
15' 18.41 1.92 5 16.66 1.94 s
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B)

0 S 10 15 20 25 30

Fig. 3 HPLC profiles of absinth extract product and 50%
ethanol extract from the leaves of A, absinthium,
A) absinth extract product. '
B) 50% EtOH extract prepared from the leaves of A.
absinthium.
absinthin (1). anabsinthin (2).

In order to quantify absinthin (1), a calibration curve {correla-
tion coefficient r = 0.999) for the peak area against the quantity
injected was prepared for absinthin (1) within the range of 0.125-
0.5 mg/ml, with a retention time for absinthin (1) of 14.0 min,
The concentration of absinthin (1) in absinth extract product was
found to be 2.0%.

The sample used in this report, had already been tested in a 13-
week repeated dose toxicity study in rat by another group™, and
they concluded that the NOAEL (no-observed-adverse-effect-
level) of the extract product in Wistar Hannover rats was esti-
mated to be 2% (equivalent to 1.27 g/kg/day in males and 2.06 g/
kg/day in females) or more. It is very important for the safety
evaluation of food additives that the analysis of the constituents
and their toxicity are carred out using the same sample, since the
contents of the constituents in natural food additives may differ
depending on the extraction method, processing method, and col-
lection season of the origin plant.

V. Conclusion

Absinth extract is used as a natural bitter flavoring in Japan.
This report is the first investigation of the constituents of com-
mercial absinth extract product. Based on TLC and HPLC analy-

sis, we confirmed that the origin of the absinth extract product is
A. absinthium, as stipulated in the List of Existing Food Addi-
tives in Japan, Two constituents, absinthin and anabsinthin, were
isolated from absinth extract product. The content of absinthin,
the main bitter constituent, was 2.0% in the extract product.
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ABSTRACT — Rice bran glycosphingolipid (RBGSLY}, one of the glycosphingolipids (GSLs), has been
widely used as a food additive, a base of cosmetics, and so on. As a part of the safety assessment of
RBGSL, a 13-week repeated dose toxicity study was performed in Wistar Hannover (GALAS) rats. Male
and female rats were divided into 4 groups consisting of 8 animals and were given 0, 60, 250, and 1000
mg/kg BW of RBGSL orally 5 times weekly for 13 weeks. During the experiment, no deaths were
observed in any groups, and there were no remarkable changes in general appearance, body weight, food
and water consumption, hematological and serum biochemical parameters, organ weight and histopatho-
logical findings between the control and treated groups. On the basis of these data, the no-observed-
adverse effect level (NOAEL) of RBGSL in Wistar Hannover rats was considered to be 1000 mg/kg BW/

day or more.

KEY WORDS: Food additive, Rat, Repeated dose toxicity, Rice bran glycosphingolipid

INTRODUCTION

Glycosphingolipids (GSLs) are amphipathic sph-
ingolipids consisting of oligosaccharide and ceramide
moieties (Fig. 1), and known as typical constituents of
various cell membranes in a wide variety of organisms
including mammalian species (Hakomori, 1981). GSLs
have been used in skin care products because the con-
stitutive ceramide accelerates the skin barrier repair
after damage (Leonardi, 2002). Additionally, GSLs
were found to be enriched with cholesterol and GPI-
anchor proteins to form lipid microdomains on the
plasma membrane of vertebrates, and have been sug-
gested to mediate cell-cell interaction, attachment, pro-
liferation and differentiation (Hakomori, 1981; Ito er
al., 1995; Spiegel and Merrill, 1996; Yamada, 2002).
Furthermore, it has been reported that GSLs were
absorbed orally (Schmelz et al., 1994). Therefore,
GSLs or their catabolites are expected to be origins of

new drugs, and developments have been performed in

various flelds (Ceccarelli et al., 1976; Vantini ez al.,
1988; Bradly, 1990).

GSLs have been artificially synthesized or
extracted from mammalian tissues such as the bovine
brain containing rich GSLs so far (Yamada, 2002).
However, it has become difficult to use tissues of ani-
mal origin because of the risk of prion-virus-infection
of bovine spongiform encephalopathy (BSE) in recent
years. Therefore, much attention has been currently
focused on GSLs that are derived from tissues of non-
animal origin such as rice bran or rice with germs, and
the GSLs of plant origin have been widely used as cos-
metics, cosmetic foods and food additives. In Japan,
rice bran GSL {RBGSL) has been used as a food addi-
tive. However, there is little information regarding the
safety of GSLs derived from non-animal tissues.

In the present study, as a part of the safety assess-
ment of foed additives in the Japanese Ministry of
Health, Labor and Welfare, a 13-week repeated dose
toxicity study of RBGSL was performed in rats.

Correspondence: Mitsuyoshi MOTO
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MATERIALS AND METHODS

Animals

Male and female Wistar Hannover (GALAS) rats
were obtained from Clea Japan, Inc. (Tokyo, Japan) at
5 weeks of age and acclimated for 1 week prior to com-
mencement of the experiment. The animals were
housed 2 or 3 rats per wire-mesh steel cage under con-
ventional conditions (12 hr light/dark cycle, 55 £ 10%
humidity and 24 + 2°C temperature) and given a pellet-
type diet (CE-2, Clea Japan Inc., Tokyo, Japan) and
water throughout the experimental period.

Chemicals and preparation of the test substance
RBGSL was kindly provided by Okayasu Shoten
Co, Ltd. (Saitama, Japan). Sodium carboxymethylcel-
lulose (Wako Pure Chemical Industries Ltd., Osaka,
Japan) dissolved in water at 0.5% (w/v) was used as a
vehicle, and dosage volume was set at 10 mL/kg BW.
Prior to the 13-week study, a preliminary study using
the oral dosage of 1000 to 2000 mg/kg BW was per-
formed, but it was difficult to perform oral administra-
tion by gavage because of the strong viscosity of the
test substance suspension of 2000 mg/10 mL. Based on
the results of a preliminary study (data not shown), the
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Fig. 1. Basic structure and classification of sphingolipid.
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dose levels for the present study were set as 1000, 250,
60, and 0 (vehicle) mg/kg BW. RBGSL was newly sus-
pended in vehicle at each concentration every 1 or 2
weeks and preserved in a dark condition at 4°C until
use.

Experimental design

Animals were divided into 4 groups consisting of
8 male and 8 female rats, respectively, and given 0, 60,
250, or 1000 mg/kg BW of RBGSL orally on a daily
basis 5 times weekly for up to 13 weeks (Table I).

Clinical signs and general appearances were
observed once a day, and body weights as well as food
and water consumption were measured once a week.
An autopsy was performed at the end of the experi-
ment. Blood samples were collected from the abdomi-
nal aorta under light ether anesthesia after 16 hr
starvation.

Hematological parameters, white blood celi
count (WBC), red bloed cell count (RBC), hemoglobin
concentration (HB), hematocrit (HT), mean corpuscn-
lar volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration
(MCHO) and platelet (PLT) count were assessed using
an automatic multichannel blood cell counter (Sysmex
SE-9000, Sysmex Co., Hyogo, Japan). Additionally,
the ratios of neutrophil (NEU), eosincphil (EOS), lym-
phocyte (LYMP) and monocyte (MONO) on blood
smears were determined with an automatic blood cell
analyzer (MICROX HEG-120A, Tateishi Electric Co.,
Kyoto, Japan).

Serum biochemical examinations were per-
formed at SRL Co. Ltd. (Tokyo, Japan), and the fol-
lowing parameters were measured: total protein (TF),
albumin/globulin ratio (A/G), total cholesterol (TC),
blood urea nitrogen (BUN}), creatinine (CRE}, calcium
(Ca), inorganic phosphate (IP), sodium (Na), potas-
sium (K}, chloride (Cl), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phos-
phatase (ALP) and albumin (ALB).

At autopsy, weights of brain, heart, lungs, liver,
kidneys, spleen, thymus, adrenal glands, pituitary
gland, thyroid glands, testes, uterus, and ovaries were
measured. In addition, the artery, bone/marrow, coagu-
lation gland, esophagus, epididymidis, large intestine, -
lymph node, mammary gland, pancreas, peripheral
nerve, prostate gland, salivary gland, skeletal muscle,
skin, small intestine, spinal cord, stomach, urinary
bladder, tongue, trachea and vagina were fixed in 10%
neutral buffered formalin. Eyeballs and Harderian
glands were fixed with Davidson’s solution for 12 hr
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and then replaced into 95% ethanol. Testes were fixed
with 4% acetic acid / 12% formalin mixture for 24 hr
and then were removed into 10% neutral buffered for-
malin. Bone was decalcified in Plank Rychlo solution
before embedding. These tissues were routinely
embedded in paraffin, sectioned at 4 gm thick for
hematoxylin and eosin staining, and examined by light
microscopy. Histopathological examinations were car-
ried out only on the 0 and 1000 mg/kg groups for both
sexes.

Statistical analysis

The data obtained from the measurements of
body weight, food and water consumption, organ
weight, hematology and serum biochemistry were
expressed as mean £ S.D.. The significance of the dif-
ferences between the control and RBGSL groups was
determined by Dunnett’s test (Dunnett, 1955) after
one-way ANOVA. A p-value less than 0.05 was con-
sidered statistically significant in both analyses.

RESULTS

Neither deaths nor remarkable changes in general
appearance were observed in treated groups during the
experimental period. Changes of body weights during
the experiment are shown in Fig. 2. There was no sup-
pression of body weight gain in groups treated during
the experiment. .

As shown in Table 1, there were no remarkable
differences in food and water consumption between the
control and treated groups in either sex.

The results of hematological and serum biochem-
ical analyses are shown in Table 2 and 3. In hematolog-
ical examinations, a significant increase in the ratio of
EQS was observed in females of the 1000 mg/kg

group, although no remarkable difference was
observed in the other parameters. All data in male
treated groups were similar to the control group. In
serum biochemical examinations, a significant
decrease in A/G ratio and an increase in BUN level
were observed in males of the 1000 and 250 mg/kg
groups, respectively. In females, there were no signifi-
cant differences in any parameters between the control
and treated groups.

The relative organ weights are shown in Table 4.
There were no significant differences in any organ
weights between the control and treated groups in
either sex.

The results of histopathological examinations are
summarized in Table 5. In males of the 1000 mg/kg
group, microgranuloma of the liver, basophilic tubule
and/or calcification of the kidney, myocarditis, dilation
of tracheal glands, chronic inflammation of the pros-
tate, and Rathke’s pouch and/or cyst of the pituitary
pars distalis were observed. In females of the high
dose group, hemosiderin deposition and/or microgran-
uloma of the liver, basophilic tubule and/or calcifica-
tion of the kidney, myocarditis, vacuolation of striated”
portions of the submandibular gland, dilation of tra-
cheal glands, Rathke’s pouch and/or cyst of the pitu-
itary pars distalis, thyroid follicular cell hypertorophy,
and accessory adrenocortical tissue of the adrenal
gland were observed. These findings in male and
female rats of the 1000 mg/kg group were also
observed in the contro! group of either sex, and there
were no significant differences in the incidences of
these changes between these two groups.

Table 1. Body weights and food and water consumptions in rats treated with rice bran glycosphingolipid for 13 weeks.

Dose level Ne. of Final body Food consumption Water consumption
(mg/kg) animals weight (g) (g/rat/day) {g/rat/day)
Male 0 8 456.1 £54.6% 259 36.3
60 8 4436 +£39.7 25.2 339
250 8 466.8 +26.3 26.5 336
1000 8 46341334 26.4 34.2
Female 0 8 2623+17.1 19.2 32.6
60 8 25541125 19.1 259
250 8 25254121 19.7 40.9
1000 8 2578+ 13.6 19.6 31.5
% : Mean £ S.D.
Vol. 29 No. 1
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Fig. 2. Growth curves of male and female rats treated with rice bran glycosphingolipid for 13 weeks,

Table 2. Hematological data in rats treated with rice bran glycosphingolipid for 13 weeks.

Dose (mg/kg) 0 60 250 1000
No. of animals 8 8 8 S
Male
RBC  x10%mm’ 71291+ 4929 736.6% 31.8 7554+ 240 7501+ 492
HB g/di 136+ 07 141+ 04 140+ 04 140+ 07
HT % 40.1+ 24 413+ 23 414+ 14 411+ 29
MCYV m? 564+ L7 559+ 16 54.8 1.7 546 07
MCH pg 19.1 06 190+ 08 186+ 05 186+ 0.5
MCHC % 340+ 09 343+ 12 340 09 341 1.1
WBC  /ml 27375+ 7763 3387.5+603.4 34875111728 3387.5 £ 10895
Differential cell count (%) '
NEU 179+ 74 154+ 4.1 16.0+ 5.0 1641 44
EOS 1.7% 1.0 30 19 1.7+ 06 24% 1.1
MONO 20 14 1.0+ 00 20 09 1.5+ 08
LYMP 794+ 8.9 814+ 60 819+ 5.0 81.0+ 47
Female
RBC  x10*mm’ 659.1 39.0 640.1+ 27.0 6553+ 227 6389+ 220
HB g/di 136 0.6 133+ 0.6 136+ 0.5 134+ 0.7
HT % 39.1+ 24 o+ 21 388% 1.6 380t 2.1
MCV nm? 594+ 29 595+ 19 501 1.5 595+ 2.1
MCH pg 205% 09 208+ 05 208 05 210+ 0.8
MCHC % 346+ 12 349+ 08 350+ 0.8 354+ 0.9
WBC /ml 1900.0 + 1028.2 1862.5 £ 855.1 1425.0+ 525.8 25125 6937
Differential cell count (%)
NEU 178+ 6.0 154+ 27 161 5.0 139+ 4.4
EOS 1.3t 05 1.5 06 23+ 06 40+ 1.4 **
MONO 19+ 1.5 1.2+ 04 13+ 05 22+ 1.3
LYMP 794+ 6.6 83.1+ 23 820+ 4.1 838+ 4.8
8 :Mean + S5.D.

**: Significantly different from control at p<0.01.
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DISCUSSION

GSLs are ubiquitous membrane components
essential in all eukaryotic cells, and consist of both
sugar moiety such as monosaccharide, disaccharide or
oligosaccharide and ceramide moiety such as cerebro-
side, globoside or ganglioside (Hakomori, 1981,
1990). Due to variations in these sugar chains, it is
known that GSLs have many physiological functions
such as coordination of cell surface by oligosaccharide,
receptors for bacterial toxins and viruses, regulation of
the differentiation of nerve cells, control of intercellu-
lar signal transductions, and regulation of the function
of cell membranes (Hakomori, 1990; Yamada, 2002).

Therefore, it is clear that GSLs in cell membranes have
very important functions against many diseases such as
cancer, nerve disease, virus infection and so on, in spite
of the very small quantity of the constituents (Arita et
al., 1989; Kitagawa et al., 1989; Schengrund, 1990;
Spiegel and Merrill, 1996; Yamada, 2002). On the
other hand, there is little information regarding the
safety of GSLs including RBGSLs, although they are
capable of being incorporated into cellular membranes
when exogenously added. In the present study, as a part
of a comprehensive safety evaluation of food additives
in the Japanese Ministry of Health, Labor and Welfare,
a 13-week repeated dose toxicity study of the RBGSL
was performed in rats.

Table 3. Data of serum biochemistry in rats treated with rice bran glycosphingolipid for 13 weeks.

Dose (mg/kg) 0 60 250 1000
No. of animals 8 8 8 &
Male
TP g/dl 59+ 059 6.1+ 02 63 02 60+ 04
AIG 18+ 02 1.8+ 0.1 1.7+ 0.1 16 02%*
TC mg/dl 508+ 170 506 45 516+ 62 506+ 179

"BUN  mg/dl 239+ 1.7 233 26 266+ 08* 240+ 22
CRE mg/dl 03+ 0.0 03+ 0.0 03+ 00 03+ 00
Ca mg/dl 96+ 04 96% 02 9.7+ 02 96+ 05
1P mg/dl 48+ 05 47+ 0.5 45+ 04 47+ 06
Na mEQ/ 1479+ 22 146.0t 1.5 1463+ 0.7 147.1+ 16
K mEQ/! 32x 03 32+ 0.2 34+ 02 32+ 0.2
Cl mEQ/1 1070+ 3.5 1054+ 1.8 1059+ 2.0 1063+ 27
AST TUA 745+ 6.8 735 89 674+ 57 739+ 139
ALT TUA 506t 109 448+ 52 436 6.0 446+ 11.1
ALP  IUA 396.8 + 150.5 387.1+936 409.4 + 145.0 379.1+1493
ALB  g/dl 38+ 04 39+ 01 39+ 02 37+ 03
Female
TP g/dl 62+ 04 6.1+ 04 62+ 04 63 05
AIG ' 22+ 03 2.1 04 19+ 0.2 23z 04
TC mg/dl 535+ 9.7 490+ 9.2 508 7.6 53.1* 83
BUN mg/dl 225+ 26 233+ 19 231 27 242+ 30
CRE mg/dl 03+ 0.0 0.3+ 0.0 03+ 0.0 03+ 00
Ca mg/dl 94% 07 9.3+ 05 94+ 03 97+ 06
P mg/dl 44+ 13 45+ 07 47+ 07 4.7+ 07
Na mEQ/1 1479+ 17 1479+ 14 1485+ 1.2 1465+ 16
K mEQ/ 30+ 05 29% 03 28+ 02 30+ 02
Cl mEQ/1 1084+ 25 1095+ 24 1093+ 1.8 1080+ 39
AST TUA 69.1+ 18.9 66.0+18.1 64.5% 137 67.0+ 158
ALT 1UA 445+ 148 44.1x17.1 439% 131 441+ 158
ALP 1UN 2243 +124.0 179.5+ 58.9 1995+ 62.8 231.6 +106.7
ALB . g/l 43+ 04 41x 0.4 41+ 03 44+ 04

@: Mean + $.D.
* : Significantly different from control at p<0.05.
Vol. 29 No. 1
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In hematological examinations of the present
study, the ratio of EOS in the differential blood count
was significantly increased in male rats of the 1000
meg/kg group. The high level of EOS ratio was
observed only in one rat of this group, and no change
was observed in the value of WBC in this group.
Therefore, this change is considered to be of no toxico-
logical significance. In serum biochemical examina-
tions, BUN level was significantly increased in males
of the 250 mg/kg group and the A/G ratio was reduced
in females of the 1000 mg/kg group. As these alter-
ations were very small in their fluctuation range and
there were no changes in other associated parameters,
these changes were considered to be incidental. In his-
topathological examinations, slight changes were
observed in some tissues of both sexes of the 1000 mg/

kg group. However, since these changes were also
observed in control groups and their incidence in the
1000 mg/kg group were not significantly different
from the control group, they were regarded as sponta-
neous lesions.

Prior to the present study, there were some con-
cerns about the onset of toxicities due to the accumula-
tion of GSLs and/or their metabolites because of the
oral administration of a large amount of RBSGL to
rats. However, no toxic changes were observed in
RBSGL-treated rats. Until now, some conclusions have
been reported about the digestion, uptake and distribu-
tion of GSLs: GSLs, without any cleavage in the stom-
ach, were hydrolyzed by intestinal enzymes and
microflora in the small intestine and colon of rats and
mice, exchanged to ceramide and/or sphingoid-base

Table 4. Relative organ weights (g/100 g BW) in rats treated with rice bran glycosphingolipid for 13 weeks.

Dose (mg/kg) 0 60 250 1000
No. of animals 8 8 8 8

Male

Body weight (g} 456.1 %5469 4436 +39.7 466.8 1263 463.4 +334
Brain 046 + 0.05 047 * 0.04 044 + 0.03 046 + 0.4
Heart 0.24 + 0.02 025 = 0.02 025 + 0.01 025 = 0.02
Lungs 0.29 + 0.02 029 = 0.01 028 + 0.01 029 + 0.02
Liver 320 + 0.12 329 = 0.2 330 £ 012 3.14 £ 023
Kidneys 061 + 0.04 0.61 £ 0.06 0.60 = 0.03 0.60 + 005
Spleen 0.16 + 0.02 0.17 + 0.02 0.17 £ 0.02 0.15 £ 002
Thymus 0.08 + 001 0.09 + 0.02 0.08 = 0.02 009 £ 0.02
Adrenal glands 0.002+ 0.000 0.002+ 0.001 0.002% 0.000 0002 0.001
Pituitary gland 0.014 £ 0.002 0.015+ 0.003 0.016 = 0.002 00161 0.003
Thyroid glands 0.005+ 0.001 0.006 £+ 0.003 0.006+ 0.001 0005+ 0001
Testes 0.79 £ 0.11 081 + 007 0.78 = 0.05 079 £ 009

Female

Body weight (g) 2623 1171 2554 1125 2525 +£121 2578 136
Brain 0.71 + 0.05 076 + 0.03 0.75 = 0.03 072 £ 0.03
Heart 029 = 0.02 0.30 + 0.02 041 = 0.29 030 £ 001
Lungs 038 = 0.04 038 = 0.03 0.39 + 0.02 039 + 002
Liver 337 = 0.25 350 + 0.18 357 £ 0.19 356 £ 023
Kidneys 0.65 + 0.06 066 £ 0.04 0.68 + 0.05 068 + 006
Spleen 021 = 0.01 021 £ 0.02 0.19 + 0.02 029 + 021
Thymus 0.12 + 0.03 0.13 = 0.03 011 + 001 013 £ 002
Adrenal glands 0.006 + 0.001 0.006 £ 0.001 0.006+ 0.000 0.006 £ 0.001
Pituitary gland 0.032+ 0.004 0.036% 0.004 0.035+ 0.003 0.031+ 0.004
Thyroid glands 0.008 £+ 0.002 0.007+ 0.001 0.008+ 0.001 0.006 £ 0.003
Uterus 03321+ 0.092 0283+ 0.091 0.259+ 0.080 0.291 £ 0.166
Ovaries 0.038+ 0.010 0.044% 0.010 0.037 £ 0.003 0.039 . 0.005

9; Mean + S.D.
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13-week toxicity of rice bran glycosphingolipid.

(including sphingosine) throughout the intestine,
including the colon, and then absorbed by the intestinal
epithelial cells (Nilsson, 1968, 1969; Schmelz et al.,
1994; Vesper er al., 1999). In addition, when sphin-
goid-base-labeled sphingolipids including GSLs were
fed to rats, a small amount of the radiolabeled sphin-
goid-base was found in the lymph, blood and liver,
which implied that some components of dietary sphin-
golipids were transported through the mucosa and
appeared in systemic circulation (Nilsson, 1968;
Schmelz et al., 1994; Vesper et al., 1999). The data of
these references may suggest that RBGSL adminis-
tered orally is probably absorbed and distributed in
various tissues and organs of rats. Therefore, it could
be considered that the RBGSL absorbed from the
intestine in rats did not result in any toxicity under the
treatment condition of the present study.

In conclusion, there were no toxic changes
related to the administration of RBGSL in rats given
1000 mg/kg BW, and the NOAEL (no-observed-

adverse effect level) of the RBGSL. in Wistar Hannover
rats was estimated to be 1000 mg/kg/day or more. This
report is the first investigation concerning the sub-
chronic oral toxicity of RBGSL in rats, and studies on
the chronic toxicity and carcinogenicity of RBGSL
have not been performed yet. Further studies such as
chronic toxicity and carcinogenicity are needed for
safe use of this substance in consumers,
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Table 5. Histopathological findings in rats treated with rice bran glycosphingolipid for 13 weeks.

- 76 —

Rice bran
Control glycosphingolipids
0 mg/kg 1000 mg/kg
Organ Pathological findings Grade n=3 n=_§
Male
Liver Microgranuloma + kL 3
Kidney Basophilic tubule + 1 2
Calcification + 0 1
Heart Myocarditis + 4 2
Submandibular gland Vacuolation of striated portion + 2 0
Trachea Dilation, tracheal gland + 0 1
Prostate Chronic inflammation + 2 3
Pituitary gland Rathke’s pouch + 0 1
Pars distalis, cyst + 1 1
Female
Liver Microgranuloma + 3 3
Hemosiderin deposition, periportal + ¢ 1
Kidney Basophilic tubule + 0 2
Calcification + 3 4
Heart - Mpyocarditis + 1 2
Submandibular gland Vacuolation of striated portion + 1 1
Trachea Dilation tracheal gland + 0 1
Pituitary gland Rathke’s pouch + 2 2
Pars distalis, cyst + 1 3
Thyroid gland Follicular cell hypertrophy + 1 0
Adrenal gland Accessory adrenocortical tissue + 0 1
+: slight
#: Number of animals showing pathological findings.
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