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Report
A 104-Week Feeding Study of Genetically ModifiedyBeans in F344 Rats

Yoshimitsu SAKAMOTO?*, Yukie TADA, Nobutaka FUKUMORIKuniaki TAYAMA, Hiroshi ANDO, Hiroshi
TAKAHASHI, Yoshikazu KUBO, Akemichi NAGASAWA, Norio ANO, Katsuhiro YUZAWA and Akio
OGATA

Department of Environmental Health and Toxicologgkyo Metropolitan Institute of Public Health:
3-24-1 Hyakunin-cho, Shinjuku-ku, Tokyo 169-0078pdn; *Corresponding author

A chronic feeding study to evaluate the safety ehejically modified glyphosate-tolerant.soybeandvi(G
soybeans) was conducted using F344 DuCrj rats.ratsewere fed a diet containing GM 'soybeans or [Soh-
soybeans at a concentration of 30% in basal dien-GM soybeans were a closely related strain toGive
soybeans. These two diets were adjusted to anidgdéntitrient level. In this study, the. influence®@M soybeans in
rats was compared with that of the Non-GM soybeand,furthermore, to assess the effect of soybtmmsselves,
the groups of rats fed GM and Non-GM soybeans werapared with a groupfed a commercial diet (CE-2).
General conditions were observed daily and bodghteand food consumption.were recorded. At ternomatl04
weeks), animals were subjected to hematology, sdrimchemistry, and ‘pathological examinations. Thesre
several differences in animal growth food intakeyam weights, and histolegical findings betweenrdits fed the
GM and/or Non-GM soybeans and the rats fed CE-2véder, body weight and food intake were similar thoe
rats fed the GM and Non-GM soybeans. In patholdgibaervation, there was neither an increase iémce nor
any specific type of non-neoplastic or neoplastisidns in the, GM soybeans group in each sex. Thesdts
indicate that long-term intake of GM soybeans atlédvel of 30% in diet has no apparent adverseteiffierats.

(Received.December 14, 2007)
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Introduction soybean-related abnormalities compared to rats that
_ . had been fed non-GM soybean this report, we
Many of the genetically modified soybeans  nresent the results of the 104-week feeding study o

currently available in Japan are-tolerant to glygtte, GM soybeans conducted as a continuation of the 52-
a chemical herbicide. week feeding study.

Regarding the safety of genetically modified
soybeans, neither the effect of the proteins preduc Materials and M ethods
from the inserted.gene nor the genetically modified
soybeans themselves, have been reported in short- 1. Soybeans For genetically modified soybeans
term administration  studies using animdls (GM  soybeans) in  this  study, w

However,..many genetically modified foods are
consumed. over a long period of time, consumer
interest.in‘genetically modified foods is high, ahd
issue of possible adverse health effects due tg-lon
term consumption has not been settled. We conducted
a 104-week feeding study of genetically modified
soybeans (GM soybeans) using rats to investigate
whether there are any biological effects caused by
long-term consumption of GM soybeans. A previous
study showed that, at week 26 and 52 of feedirtg, ra
fed GM soybeans do not show any particular GM-



e used Pioneer Brand soybeans (Lot No.
B3WAH11301-00-0018, variety 90B72) with
Roundup Ready gene (glyphosate-tolerant) that were
harvested in the USA in 2000. For non-genetically
modified soybeans (non-GM soybeans), we used
soybeans seeds (hon-GM type, no batch specified,
variety: 9071) harvested in the USA in 2000. These
two varieties are related to each other, and they
possess similar properties in terms of growth gycle
morphology, and composition. All soybeans were
stored at 10°C until they were used. Regarding
pesticide and plant hormone levels in both types of
soybeans, aside from the quantitation limit of
0.1 ppm of glyphosate being detected in the GM
soybeans, there were no significant differences

2. Animals  Four-week old male and female
F344 rats were purchased from Charles River
Laboratories Japan, Inc., and after rearing theni fo
week in preparation for the study, animals showing
good growth were selected for the study. The regarin
conditions were identical to those described in the
previous report and the rats were givead libitum
access to food and filtered tap water during thest
period.

3. Feed and administration method For test
feed, growth purified diet AIN-93Gwas provided
during the rearing period from the beginning of
administration to week 26, and for subsequentmgari
weeks, AIN-93M for adult rats (both manufactured
by Oriental Yeast Co., Ltd.) were given as basedfe
For both basic feeds, the composition was partially
modified, and powderedsoybeans were added to a
proportion of 30% of the feed by dry weight. Thés i
the highest concentration at which a well-formed
solid feed can be'created without upsetting the
nutritional balance. Detailed nutrition composition
for both soybean-supplemented feeds is described in
the previous reépdtt To ensure that protein and fat
content,were identical in both soybean groups,isase
and non-genetically modified corn oil were added.
Also, similar to our previous study, a group fed-ZE
(CLEA Japan, Inc.), which is a frequently used feed
for rearing and breeding rodents, was set up [as a
control] in addition to the two soybean groups to
better understand the effects common to the soybean
supplemented feed groups. The ingredients of CE-2
are given in the previous report

4. Administration period and number of
animals
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The feeding period was set to 104 weeks. Fifty
male and fifty female rats were used for the GM
group and the non-GM group, respectively, and 35
rats were used for the CE-2 group. During the fegdi
period, two male rats in the non-GM group and one
female rat in the GM group died. Although the cause
is unknown, it is believed that they died from
asphyxia due to food getting stuck between their
throat and trachea. In this study, these animal® we
excluded from each study group- as ,cases of
accidental death, and the number-of animals at the
start of administration was 48 male. rats in the-non
GM group and 49 female rats in'the GM group. The
animals were handled.in-this study in accordance
with our centre’s animal experimentation regulasion

Test Items and M ethods

Animals that ‘were alive at week 104 were
etherized and-exsanguinated by collecting theiodblo
from thejugular vein using a syringe, after which
they were used for tests.

1. General conditions and weights The general
condition of all animals was observed daily. In
addition, whether or not an animal had died was als
checked every day. The animals were weighed once
every 4 weeks from the start of administration.

2. Food intake and soybean intake Food intake
was measured once every 8 weeks from week 6 after
the start of administration until week 94. The food
intake measurement method is described in the
previous report and the amount of soybean intake
was calculated from the amount of food intake
(g/rat/day and g/kg b.w./day).

3. Haematological analysis For animals that
were still alive at the end of the feeding periathjte
blood cell count (WBC), red blood cell count (RBC),
hemoglobin level (Hgb), hematocrit value (Hct),
mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), and platelet count (PLT)
were measured using a multi-channel blood cell
counter (TOA Medical Electronics E-400).

4. Biochemical analysis Total protein (TP),
albumin (Alb), alkaline phosphatase activity (ALP),
total cholesterol (TCHO), creatinine (CRE), and
transaminase activity (AST, ALT) in blood serum
prepared from blood samples collected using the
abovementioned method were measured using an
automatic analyser (Hitachi 7150).



5. Histopathological analysis

Animals that were exsanguinated after collecting
blood were dissected and observed macroscopically.
Of the extracted organs, the brain, heart, lurigsr,|
kidneys, spleen, testes, epididymis, prostate gland
ovaries, adrenal glands, and thymus were weigtmed. |
addition to the weighed organs, the pituitary, tigr
salivary glands, pancreas, stomach, intestine delad
seminal vesicle, preputial glands, uterus, cervix,
clitoris, mammary glands, and femur were fixed in
buffered formaldehyde, after which paraffin-
embedded sections were prepared using a
conventional method, and stained with hematoxylin-
eosin staining (HE staining). In addition, pathadad)
specimens were prepared in the same way for
moribund animals that were killed, as well as those
that died during the feeding period.

6. Statistical analysis

For weekly weight and food intake, as well as
organ weights, hematological and blood biochemical
analysis results, a Studentttest was used to
compare the GM and non-GM groups. A Bartlett test
was also used to compare the GM and non-GM
groups with the CE-2 group for homogeneity of
variance. If the variance was uniform, a multiple
comparison test was performed using one-way
analysis of variance and the Scheffé method. If the
variance was non-uniform, a Kruskal-Wallis\test and
Scheffé’s rank-sum test were performed. As for the
number of tissue-change incidents, yatest or
Fischer's exact test was performed. The signifieanc
level was set to 5% for all tests.
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Results

1. General condition and survival rate

During the study period, symptoms that were
specific to the GM-soybean intake group were not
observed in either male or female rats. For maks ra
the survival rates were 76% in the GM group, 73% in
the non-GM group, and 80% in the CE-2 group. For
female rats, the survival rates were 80%.in the GM
group, 70% in the non-GM group, and<74% in the
CE-2 group. There was no significant difference
between the male and female rats. among these groups
Also, there were no notable "differences in the
progression of survivalicurves for each group (€abl
1, Fig. 1). The first fatal case during the feeding
period was a female rat in the GM group, which
occurred during.week 67.

2. Weight and food intake

Weight «increase in the GM group and the non-
GM group was the same for both male and female
rats (during the administration period (Fig. 2).
Furthermore, there was no significant difference in
the weights of male and female rats in either sagbe
group at the time of necropsy (Table 1).

Regarding weights during the administration
period, when the soybean groups were compared to
the CE-2 group, the weights of the male rats irhbot
soybean groups were significantly higher compared
to the CE-2 group throughout most of the
administration period. However, there was no
difference in the female rats (Fig. 2, significant
difference mark omitted).

Table 1. Final body weights, food intake, soybean intake and survival rate of F344 rats (ed diet
containing G and Noo-GM sovbeans for 104 weeks
) Final body weight Food intake Sovbean intake Survival rate
Group
e plrat/day e ke BW Aday L
Mlale
G 26730 126207 114117 76
Maon-GM 353L35 12,6106 11.7E159 T
CE-2 342137 13208 — Bl
Female
GM 237121 G114 146112 B0
Maon-GM 2321 BYE1F 1431 1.4 o
CE-2 23R+23 105209 — 7d
Mialues are mean S0,
* Significantly different from CE-2 group, p< (005
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Regarding food intake, the male rats in both
soybean groups consumed 11 to 14 g and the female
rats in both soybean groups consumed 7 to 11 g of
food throughout the administration period. Thereswa
no difference between male or female rats in the
soybean groups. When the soybean groups were
compared to the CE-2 group, the change in food
intake among the male rats in the soybean groups wa
similar to that in the CE-2 group, but the.change i
food intake tended to be lower among the femate rat
in the soybean groups compared, to.that in the CE-2
group throughout the administration, period, and the
average food intake was significantly lower (Fig. 3
Table 1).

3. Hematological analysis

When the GM group ‘and the non-GM group were
compared for RBC-related analyses, the male rats in
the GM group’had:significantly lower MCHC and the
female rats in.the \GM group also had significantly
lower Hgb and Hct compared to the non-GM group.
However, the differences in each analysis were
minimal, and because there was no difference
compared to the CE-2 group, it was believed that
these were random fluctuations and not relatedhyo a
underlying issues. When the soybean groups were
compared to the CE-2 group, Hgb and Hct were
lower in the male GM group compared to the CE-2
group (Table 2). The differences in these testelu
were minimal, and because no uniform tendency
related to the fluctuations of the test valuesha t
tissue findings was observed in the GM group, these
were probably random fluctuations and not related t
any underlying issues.

4. Blood serum biochemical analyses

There were no differences in the values between
the GM and non-GM groups for either male or
female rats. When the soybean groups and the CE-2
group were compared, CRE was significantly higher
among the male rats in the soybean groups, and ALT
was significantly lower in both male and femalesrat
in the soybean groups (Table 3). The abovementioned
differences between the soybean groups and the CE-2
group were minimal, and because no uniform
tendency was observed in the histological chanfies o
organs in any group, the observed differences were
probably caused by random fluctuations.
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Table 2. Hematological data of male and female F344 rat fed dist containing GM and NonGM sovbeans for 104 weeks

Parame ter G Mor-(30 CE-2

Male (270 {25} {15}
WEC ®10P/uL 6591 1GaM 6761143 BETE1.04
RBC H 10 uL 9.531+0.88 5421083 GBI 067
Hph gidL 144311 04° 14831147 1589073
Het % 45,08 T 4 58° 4562+ 355 48601213
MOV i} 48532 60 4852+ 232 41963+ 1.75
MCH P 16521+1.33 1583+ 1.10 16211072
MCHC gl 3183+1.52" 2671117 3263065
PLT #10P uL Ta0Et143 7631143 65160

Female {29 {32) {11}
WBC X 10P ul 33410598 352%1.10 3651192
RBC ¥ 105/ul RARE0.66 B71L035 BTRBET 060
Huh uAll 14.67+1.52* 15291042 15091117
Hlet % 44.21 365 4508+1.71 46.20% 204
MCV f 52 77+1.83 279+ 083 271210
MCH P 17481109 17561045 17.20+ 082
MCHC gidL 33.12+1.28 33261074 32621126
PLT ® 1P uL B4 119 B93t 5d B2HL 84

WM umber of rats examined. "Values are meant S0
*. Sipnificantly different from Non-GM, p<0.05
= Significantly different from CE-2, p<0.05

Table 3. Biochemical data of male and female Fi44 rats fed diet containing GM and Non-GM sovbeans for 104 weeks

Paramw Ler G MNon-GNM CE-2

Male {3 {32 {11}
ALB gfdL 234018 2371019 2381017
ALP /L 322171 31R+A1 A7TAE RO
TCHO mp/dL 13427 128126 13640
CRE mg/dL 54 E0.04° 54005 049004
AST U,/L 10722 10319 117£33
ALT UL 4961 0.8* .7 169° BR.6E 236
TF rdL 6501036 671037 673X0.37

Female {33) {33} {5
ALB gfdL 2711025 2651022 2541023
ALP /L 261169 282+ 106 298+ 43
TCHO mp/dL 12323 121217 112122
CRE mg/dL 057 20,04 056005 05810056
AST U,/L 116131 101210 12026
ALT U,/L 45.0111.3* 42.9L10.2° 7oL 16
TF ErdL 6811053 B.71X£036 6531035

AN mber of rats examined "Values are mean=t SD.
* Signifcantly different [rom CE-2, p< 0.05

5. Organ weights

There were no significant differences in organ
weights’in_either male and female rats between the
soybean ‘groups. When the soybean groups were
compared to the CE-2 group, the absolute weights
and relative weights of the kidneys were lower
among male rats in both soybean groups, and
although there was no difference in the absolute
weights of the livers, their relative weights were
lower. Furthermore, the testes were larger in tesfs
their absolute weights, and they also tended to be
larger in terms of their relative weights. Among th
female rats in the soybean groups, the liver, kidne

uterus, and adrenal glands were smaller in terms of
their absolute weights and their relative weights
compared to the CE-2 group (Tables 4, 5).

6. Macroscopic findings and histological
findings

During necropsies, aside from isolated incidents
of outgrowths such as tumours and changes
associated with naturally-occurring lesions, change
characteristic of the GM soybean group were not
observed. When the soybean groups and the CE-2
group were compared, no clear difference in any of
the organs was observed. Below are our histological
findings of lesions that were found in the organs,



categorized as either non-tumour involvement or
tumour involvement.

1) Non-tumour involvement

The main lesions that were observed in both
soybean groups and the CE-2 group were:
proliferation of the bile duct in the liver as welb
fibrosis and altered cell foci of the area surraogd
the bile duct, calcification of the cortico-medujla
junction in the kidneys, myocardial inflammation of
the heart muscles, calcification of the vasculéinia
in the lungs, atrophy and hypertrophy of the acinar
cells in the pancreas, and fatty infiltration ofeth
parotid glands. These lesions had already been
observed in the 52-week stddyin the 104-week
study, the number of incidents and severity of ¢hes
lesions increased, and furthermore, in additiotht
abovementioned lesions, localized necrosis and
granuloma in the liver, inflammatory changes in the
heart muscles, inflammatory lesions of the preputia
and clitoral glands, and pituitary cysts were obsér
in each group. Also, in terms of hyperplastic lasio
hyperplasia of the alveolar epithelium, anteridodo
of the pituitary gland, C-cell of the thyroid gland
adrenal medullary cells, pancreatic ancinus,
interstitial cells of the testes, prostate epitiletiells,
endometrial epithelial cells, and bone-marrow
stromal cells, as well as enlargement of the .spleen
and the parotid ancinar cells, were observed. im eac
of the groups. All of these lesions have been iteplor
as naturally occurring lesions due.to'the-aginghef
rat°. Out of the non-tumour:. involvement
observations, the foci oficellular alterations dan
classified into basophilic, clearcell, eosinoghitand
mixed in HE tissuéS however, of these, the
vacuolar foci of cellular “alterations are difficuib
distinguish from-localized steatosis, and both were
systematically. listed- as vacuolization in this nepo
(Table 6)./Also,, in the kidneys, in addition to the
renal tubular degeneration observed in week 52, the
number of.incidents and severity of thickening o t
tubule. basement membrane and atrophy of the
tubular epithelium, as well as eosinophilic
pigmentation, also increased, and interstitial ddis
as well as cellular infiltration were also observed
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the 104-week study, these lesions were collectively
referred to as chronic nephropathy/

Comparison between the GM group and the
Non-GM group

As shown in Table 6, lesions that were
characteristic of GM soybeans were not observed.
Also, there was no significant difference betwewss t
GM group and the non-GM group in terms of the
lesions’ incidence rates. Among the changes that
were observed in all or the majority of the malel an
female rats in both soybean groups, proliferation o
the bile duct in the liver, foci of cellular-altéians in
the liver, and chronic nephropathy were compared in
terms of their severity, incidence rate and the loeim
of lesions per histological 'specimen in each rat.
However, there were wno significant differences
between the soybeangroups in either male or female
rats (Tables 7:9).

Comparison between the soybean groups and
the CE-2'group

Lesions* that occurred significantly more
frequently in the soybean groups than in the CE-2
groups were cystic growth of the small bile duct,
vacuolization and spongiosis of the hepatic celts,
well as hyperplasia of the acinar cells in the paas
among the male rats, proliferation and fibrosighef
bile duct among the female rats, and mixed foci of
cellular alterations in both male and female rats.
Although basophilic cell foci in the liver were
observed in almost all female and male rats in both
the soybean groups and the CE-2 group, the number
of lesions per histological specimen was highaha
soybean groups than in the CE-2 group for both male
and female rats (Table 8).

In addition, lesions that occurred significantlgde
frequently in the soybean groups than in the CE-2
group were localized enlargement of the parotid
acinar cells in male rats, and chronic nephropathy
well as calcification of the cortico-medullar juiust
in female rats. Granuloma of the liver and atrophy
the pancreatic acinar cells occurred less in batlem
and female rats. Chronic nephropathy tended toroccu
less often among male rats in the soybean groups.
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Table 4, Organ weights of male Fad4 rats fed diet containing GM and Non-GM sovbeans for 104 weeks

Group
Orpan
G NonGM CE-2
Bod v weight i 36BLa0  (agm 353+35 {34) 343137 {28)
Absolule weight
Brain mg 2154146 {38) 2121x65 {34) 2,092+ 59 128)
Heart TR 104315133 (38) Qo077 {34) G476 {28)
Lunigs e 1.145+113 (38) 1LOB4ET4 {34) 1065184 {28)
Liver i BOTE105 (38) 96111 {34) 10,06 163  (28)
Kidneys g 2176 121% (38 ZABTHI2T (34) 2337204 {2B)
Spleen g GO0 11T {3T) 622108 {33) 6015133  (28)
Testes liaTy 3011E536° {38) 20711307 {23 251600  {20)
Adrenals g 42053 {37 42154  {33) 448856 (2T}
Relative weight {weight/ 100 g body weight)

Brairs THg BROET 49 606 62 617t63

Heart T 2R5+43 283 £00 283122

luanps g 313L36 309132 31439

Liver i 27t0nd 271 +0.20¢ 2093+ 081
Ridneys g B4t 49° B4 £70° GREE AR

Spleen liaTy 799 17732 21270

Testes g B23+ 150 BTREL10G 781161
Adrenals mg 114x17 12020 13218

N Values are mean®S50 ™ Nomber of rats examined.
* Significantly different from CE-2 group, p< 006

Table b Organ weights of lemale rats fed diet containing GM and Non-GM sovbeans for 104 weeks

Group
Orean
GM NonGM CE-2
Body weight I 237L21% (o™ 232119 {34) 238123 {26)
Absolute weight
Brain T 1969136 {39) 196660 {34) 1,937 37 {26)
Heart mg T14168 {39) 6751462 {34) T14X56 {26}
Lungs LTy B241+ 499 {39) To4TI0L  {34) B4 50 {26)
Liver = ABAT0THY (39) 6700665 (34) TA2E0T5  {26)
Kidneys g 1643127 (3% 1A492E04%  {34) 1697485 {26}
Spleen mg 4591103 {39) 439112 {34) 505162  {26)
Ovaries T 63651685 (3% B2RT123 {34) Gl4:116 (25)
Uterus g TLLE120¢ (32 TOT LI {33) B23E197  {20)
Adrenals T 43545 (4B O E2ET {24) Ba47EHAR  {26)
Relative weight {weight /100 g body weight)

Brain LTy BART A2 B2 T4 B20+74

Heart T an2+ 29 252+20 302130

Lungs g a50+52 343136 34045

Liver I's 2 89t 0.26% 2900227 312028
Kidneys o 624+ 58 f46 H52% 720683

Spleen g 194143 190650 212161
Ovaries T 27550 272XRT 26046

U teries mg 206+ 50° 08 66 458107
Adrenals g L8726 17.3=*1.6° 22RTaR

N Values are mean®S00 ™ Number of rats examined.
* Significantly different from CE-2, p=< (.05
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Tahle 6. Nomeoplastic lesions in male and female F344 mts fed diets containing GM sovbeans for 104 weels

Male/Group Fernale /Group
GM MNon-GM = CE-2 GM  Non-GM  CE-2
Number of rats initially wsed® 50 48 35 49 B a5
Number of surviving rats al Lermination of study 38 35 28 a9 a5 28
Mumber of rats examined microscopicall v 38 35 28 39 a5 26
Organs Lesions
Liver Bile duct, proliferation 387 {100¥® 95 (1000 2B (100) 33 (BG5S 28B{BOY T{2N
fibrosis AR{100) 351000 2B (1000 20451F 12434 1{4)
cvetie dilatation 15 {35y 15 (43 4 (14) 3(8) 2{6) (D
Alterad eell foci, basophilic 38100 A5 (1000 2B (100 39(100) 34{97) 26 (100}
clear coll 27471) 2777y (500 13{33) 140400 B
eosinophilie T{18) 11431} 12 (43) B{15) B{23) 1N
i el 25 (BE) 15 {43 725 10{26F 7{200 0O
Mocrosis, focal 44{11) 3m B{18) 615 BT 415
Vacuolation, zonal 18 {47y 16 (46 4 (14) B{21) G{L17) {1z
foeal 6 {16} (W a1y 5{13) {l4) G623
Sponiiosis 1129 5{14) 27} 2(5) 1{3 1{4)
Microgramloma 4{11y 4 (11F 24 (RB) TLEY  7{200° 26 {100)
Kidney MNephropathy 21 {55) 18 (51} 21 (75) 8(21F B{14F 111{42)
Calelfieation corico-medullary junction 0 {1} 2By O {0) LL{2BF B{23§ 21 (BR)
Heart Myoeardial inflammalion 2B{74) 21 {60y 21{7HB 30{¥V) 20(57) 21 {BL)
Myvocardial ibrosis 8421} 6 (17} 5{18) 10426y 12{34) 11 {42
Lt Caleification, vascular intima 334{8T) 31 (BOy 23 (B2 20451y 20(BT) 18 (69
Infammation, focal, chronic 1{3) 2 {B) {10 14{3) 2{6) 3 {0
Foamy cell aggregation, focal 1{3) 3{% 0 {0y 1{3) (¥ {5
Hyperplasia, alveslar epithelium A{11) G{17) 27 2{5) B {14) 1 {4}
Pituitary Cwst, anterior lobe 8121} 13 {37y 621} 21{54) L16{46) 15 (58)
Anglectasis, anterior lobe 6 {16} 3 {9 5(18) B{13) B{14y T{27)
Cyst, Rathike's eleft 2 {B) 1 {3} 247) 16{41) 104290  G{23)
Hyperplasia, anterior lobe 10{26) 7(20) 9{32) 10{26) B{23} B{19
Thyroid eland C-gell, hyperplasia 11{29) 11 {31} {18} 104{26) B{23y 10 {38)
Ultimobranchial body 040y 1 {3 1{4) {0} 1{® [ {0
Parathyroid gland Hyperplasia 04 0 () 247} 2 {5} 1 {3} 1 {4)
Adrenal glamd Cortex, vacuolation, focal, T{LE) 4(11}) 7 {25) T{LE) T {20} B{19)
hyperplasia, focal 21{5}) 2 (8) 1{4) 2{5) 2 {6} 1 {4)
acceszory adrenal nodule 3{B) 246) B {29) 4{10) G{17}) 4 {15
Medulla, hyperplagia 21{5) 5 {14) 247) 2 (5} 2 {6} 3 {12
Spleen Pigmentation, hemosiderin 040y 0 () O (o 2 {5} 0 i) (¥ {0)
Extramedullary bematopoiesis 24{B) 2 {6} 2{7) 2 {5} O {10 3{12)
Congestion 2 {5} 4 (11} 1 {4} 3 {B) L {3) {0
Botie marrow Atrophy 0oy 0 {0)* B {18} G{LG) 4{11) 519
Hyperplasia, stremal cell 2B} 1{3 1{4) B{LE 3{9 B {19}
Panereas Atrophy, acinar cell, lobular 7 {18y 10 {285 16 (57) J{RY {6y 72T
Hypertrophy, acinar cell, foeal 1{3) 2 {6) J{11} 215) 3{9) 3{12)
Hyperplasia, acinar cell 024y 617 1{4) E{H}] O {0} 28
Hyperplasia, islet eell 040y 0 {0y 4{14) 1(3) 2 {8} L {4)
Parotid gland Hypertrophy, acioar cell, focal 2{pyF 1 (3 B {29 4{1) 2{6) 519
Atrophy, acinar cell, [ocal 3{B) 14{3) 311 2{5) G{17) 3 {12
Testes Atrophy, seminiferous tubules 12{32) {20 11 (39 == — —
Interstitial cell hyperplasia 16442y 15{43) 17 {61) — — —
Prostate Inlfammation, suppurative 143 1{3) 1(4) == — —
Inflammation, chronic 040y 14{3) 0 () — —_ —_
Hyperplasia B {16} 6 {17y 10 {36} — — —
Mammary gland Ectasia 3{8) 4{11} 14} 3 {8y 1{3) 2 {8
Adenagiz {hyperplasia) 040}y 00y 1{4) 6{15) {9 [y {00
Preputial/Clitral gland  Inflammation, suppurative 2{B) 3 {9 2{n R} {0} 3 {12y
Intlammation, chronic 3079 2B (BOY 22{7H) 34{8) BA{17} 1 {4)
Hyperplasia 1{3) HR{T] O {0} 1{3) L{3y 1{4)
Uterus Hyperplasia — —_ — 24{5) 3{5) 3 {12y
Cystie change — — — 3{B) a9 3{12)

N Two rals in the male Non-GM group and 1 rat in the female GM group were excluded from the 50 rats initially used in
the study because of accidental early deaths. ™ Nonneoplastic lesions were obmerved in the rats alived at the termination of
the study. ® Mumber of mate with lesions. ) Incidence of lesions (%) * Signifieantly different from CE-2 group, p< 005



Tahble 7. Grade and incidence of bile duoect proliferation
in F34 rats led dict containing GM and

Now-GM sovbeans for 104 weeks

Male/Group Female/Group
Grade'  GM NonGM CE2  GM  NonGM CEZ2
0 35 28 19 a5 25

{1000 {100y {100y (85) 180y 2N
- 0 oo 0{0) G115} T {200 19{73)
+ 00} OQ0) 040y 28(72) 2707TTY T427)
++ 2Z(68) 1B(B1) 12{43) B(13) 1{} {1}
+++ 16{42) 17{4% 16{57) OO 0 {0 o {oy

UNumber of rals observed. “Tolal incidence of lesion (%)
SNumber of rats with lesion. Pncidence of lesion with
each prade (P Grade of lesions: — nooe, + slight, ++
moderate, ++ + marlked

2) Tumour involvement
Tumours that were commonly found across all
groups were interstitial cell adenoma in the teates
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pancreatic acinar cell adenoma among male rats,
endometrial polyps among female rats, and anterior
lobe adenoma in the pituitary gland and C-cell
adenoma in the thyroid gland among both male and
female rats. All of these tumours are known to
frequently occur naturally due to the aging proagfss
F344 rat$®® Mononuclear cell leukemia also
occurred slightly more frequently in female ratarth

in male rats (Table 10). Although other adenoma and
carcinoma were observed in various ‘organs, all of
them occurred sporadically. For thesmononucledr cel
leukemia, although not indicated in Table 10 the
infiltration of leukemia cells into the liver, lusgand
other organs was observed.

Table 8 Nunber of basophilie, elear and eosinophilic altered hepatocellular focd in

F344 rats fed diet containing GM and Non-GM sovbeans for 104 weeks

Group
Sex Type of oo

GM Maon-Gh CE-2

{3 {35) {28)
Male Basaphilic cell foct 4211 2.35M* 3781 1.90° 1691126
Clear ool foci 117 £1.09 (BT £ (B0 071100
Eosinophilic foci (18046 B21E041 03042

{39) {35) {26)
Fernale Basophilic cell foci 90RLT AT 756 2.00° 353277
Clear ooll foci 022 1038 031046 009020
Eosinophilic foci 008018 0140259 002010

N umber of rats obgerved. "Walues représent mean TSDH{N o of o Aiver section),
* Sipnificantly different from CE-2, p<0.05

Table %  Severity and incidence of chronic nephropathy in Fa44

104 weeks

rals [ed diet containing GM and Noo-GM soybears [or

Male/Group Fermale /Group

Grade GM Mon-GM CE-2 GM Non-Gh CE-2
ags a5 28 ag a5 26

{55 {51} {75 a1y 14y {42
- 179 {45 17 {48) 7.(25) I (77 a0 {BE) L5 (58}
+ 18{47) 17 {49 15 {54} B {21y B {14) 10 {38)
G 2 (5) 13 B (21) 1 {2 0 {0y 1 {4
Ao i 1 {3} 0 {0} 0 (0 0 L 0 {0y 0 {0

a) Number of rals observed. b Total incidence of lesion (%L

€} Number of rats with lesion.

ecach prade (). Grade of lesions: — none, + slight, ++ moderate, + ++ marked

* Significantly different from CE-2 group, P< 005

dy Incideros

of lesion with
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Table 10. Neoplastic lesions in F344 rats fed diet containing GM and Non-GM sovbears for 104 weeks

Group,/Male Group/Femala
GM MNon-GM CE-2 GM Non-GM  CE-2
Number of rats initially used in stody® L1 48 as 49 50 a5
Numberof surviving rats at termination of study 38 35 28 39 35 26
Number of rats examined microscopicall v Bl 48 a5 40 Bl a5
MNumber of rats with tumor 39 33 28 35 3z 28
Orpans Type of tumors
Testes Interstitial eell, adenoma GO {1V* 4B 20(BT) == == =
Preputial/Clitoral gland  Adenoma 31{6) o ] 1{2} 24} 1{3)
Carcingma 1{2) 0 ] 1{2) o 14{3)
Ovary Granulosa cell temor — — — 1{2) ] ]
Granulosa-theca cell tumor = = — 1{2) 1{2) ]
Uterus Polyp, endometrial stromal —_ —_ —_ B {16y T(14)* 12 {34)
Aderoma, erdometrial = e — 1{Z) 2{d) ]
Carcinoma, endometrial — s =—+ 2{4) { L
Sareoma, endometrial — — — 0 1{(2) 1.{3)
Leigmyoma —_ —_ —_ L {2} o o
Vagina Polvp — e — ] ] 1{3)
Marmary glared Fibroadenoma 1{2) 1] o 1{2) i i
Adenoma 0 o i} 1{2) 1{2) ]
Adenocarcinoma 0 ] 1{3) 1{2) ] ]
Pituitary gland Adenoma, anterior lobe 13 {26) 11{23) 5B{l4) 7T{l4) 7(14) 11{31)
Thyroid glam Adenoma, c-cell B{16) 12 (26 6417} 10{20%F 9{18°F 1{3)
Carcinoma, [ollicular cell 12} i) 143} o 14{2) o
Adrenal plamd Phaoch romoc yboma, benign 2{d) A(6) 24T 1{2 1{2) o
Pheoch romoc ytoma, malignant 1{2) 1 0 ] i i
Panereas islet Adenorma 3 {6} 4 (8) 4411y O 1{2} i
Pancreas Adenoma 4 {BY gy i ] 1{2) ]
Intestine Adenocarcingma { 1 {2} {0 o o o
Lung Alvenlar /brovchiolar adenoma 2{4) 2.4 143} ] 14{2) 2 (6
Adenocarcinoma 14{2} ] ] o o o
Adenocarcinoma, metasiatic (uterus) 0 O o 1{2) ) o
Squamous cell carcinoma, metastatic (skin)  1{2) i o ] ] ]
Heart Fibroma L{2} ] i i o ]
Kidney Lipoma 0 1 {2} 1 {3} o o o
Urinary bladder Papilloma 142) 2(4) 1 ] ] ]
Abdominal cavity Mesol belioma 41{B) 21{4) 2 {6 0 i o
Lipoma 0 1{2) 0 1{2) ] ]
Skin/Subcutis Fibroma A{6) {2 143) 2 {4) 1 i
Squamous cell carcinoma 1{2) 1] ) I 1 1
Basal cell adenoma 1{2) H 0 ] o o
Carcinoma, Zvmbal's gland 0 ] ] 0 1{2) 0
Bone Oslensarcoma 1{2) o ) { i I
Spleen Fibroma 142} 1] i ] o ]
Brain Ol pod envdroglioma 0 o i 0 1{2) 0
Astrocyvioma 0 o 14{3) ] ] ]
Syslemic Mononuclear cell leukemia 3{6) 2.4 143} T ({14} A(B) 4(11)

a) Twao rats in the male Non-GM group and 1 rat in the female GM group were excluded from the 5O rats initially wsed in the
study because of accidental early deaths. b) Number of rats examined include the number of deaths before the terminat ion
of the study. ) Number of rats with tumor.  d) Incidence of tumor (96) #: Significantly different [rom CE-2 group, p<0.05

Comparison between the GM group and the tumours was not significantly different between the
Non-GM group soybean groups for either male or female rats.

As shown in Table 10, there was no onset of Comparison between the soybean groups and
tumours that was characteristic of the GM group in  the CE-2 group
either male or female rats. Also, the incidence of Compared to the CE-2 group, the incidence of

interstitial cell adenoma was significantly lower i



the soybean groups, but the incidence of pancreatic
acinar cell adenoma in male rats and C-cell adenoma
in the thyroid gland of female rats were higher.

Discussion

1) Overview of the 104-week study

A diet containing 30% GM soybeans was given to
male and female rats for 104 weeks to study whether
there are biological effects from consuming GM
soybeans. The rats fed GM soybeans were compared
to rats fed non-GM soybeans in terms of their
survival rates, body weights, organ weights,
hematological/blood serum biochemical analysis and
histological analysis results. The results indidéist
there was no apparent adverse effect caused by
consuming GM soybeans. There are reports of animal
testing for observing biological effects caused3
soybeans in short-term feeding studies. Howevet, 10
weeks (2 years) is a long study period that cotles
entire rat lifespan. Since there are no reportsugh
long-term studies to date, we believe that outhés
first long-term study to be conducted thus far.

2) Validity as along-term feeding study

In carcinogenicity studies and other long-term
studies, the survival rate in the control groupthoz
low-dose group at the end of the study must.be at
least 50% to be able to assess the study resudts, A
if 10% or more of the animals were /ost. due to
cannibalism and other rearing issues;. the" study is
considered invalid for assessntént

In this study, the survival rates of the CE-2 group
which was set up as the’comparative control group,
were 80% for the male rats.and 74% for the female
rats. Based on this, the.rearing conditions of the
animals in this study were-considered to be gond, a
we conclude, that the “study was conducted under
appropriate testing- conditions for assessing the
biological effects ‘'of GM soybeans in a long-term
feeding study.

3) Feed.supplemented with 30% of soybeans

Insthis study, the AIN-93G growth purified feed
was supplemented with soybeans at a concentration
of 30%. Although up to 13-week feeding studies
using rats and feed with soybean concentratior3® pf
60, and 90% have been reported, no changes in
weights or food intake by up to 60% Soybean (ref 3)
and no adverse effects have been obsén@ice
there were no clear differences between the soybean
groups and the CE-2 group in terms of weight and
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other analysis results, long-term consumption of a
diet with a soybean concentration of 30% does not
appear to cause adverse effects, particularly those
related to soybeans, on the growth of animals.

4) Comparison between the GM group and the
non-GM group

There were no differences in terms of body
weights, survival rates and food intake between the
soybean groups for male or female rats..ln the 52-
week study, the body weights of male-rats inthe GM
group increased after week 36 compared to the non-
GM group, and there was a significant difference at
the time of necropsies carried out at week 52.
However, there was no. clear. difference between the
two soybean groups in the present study, and becaus
there was no difference. in food intake, we believe
that what we observed in the 52-week study was not
related to the consumption of GM soybeans. In the
hematological-analyses, MCHC was lower among the
male ratsiin GM group, and Hgb and Hct were lower
among-the female rats in the GM group compared to
those in-the non-GM group. However, their variances
compared to the non-GM group were slight and we
believe that they were random fluctuations and not
caused by GM soybean-specific effects on the
hematopoietic system.

As for blood serum biochemistry, in the 52-week
study, AST and ALT were higher among male rats at
week 26 and ALT was higher at week 52 in the GM
group compared to the non-GM group, and these
results suggested hepatic dysfunction. However, in
the 104-week study, there were no differences én th
AST and ALT levels between the soybean groups in
either male or female rats, and because there neere
clear differences in terms of liver masses and
histological changes, GM soybeans do not appear to
affect hepatic functions.

Regarding organ weights, there were no
differences between the GM group and the non-GM
group for either male or female rats. This result
reflects the fact that there were no differencethin
hematological and blood serum biochemistry analysis
results between the two soybean groups, as well as
the fact that there were no large differences betwe
the two soybean groups in terms of histological
changes, particularly in the onset of non-tumour
involvement.

In the histological analyses, the various non-
neoplastic and neoplastic lesions that were obderve



across all groups were naturally-occurring lesions
that were caused by the aging process in"tats
There were no notable differences in either male or
female rats in terms of the incidence of theseohesi
between the two soybean groups. The foci of cellula
alterations in the liver, chronic nephropathy attteo
naturally-occurring lesions that were commonly
found are known to become severe or occur more
frequently as a result of the adverse effects @ th
affected organs due to chemical substances 2te.
We therefore investigated whether or not the
consumption of GM soybeans could cause adverse
effects in the organs based on the differencesién t
number of lesions and the severity of the lesions i
the tissue of each rat for the proliferation of tike
duct, foci of cellular alterations, and chronic
nephropathy as representative lesions of those that
occurred commonly across all groups; however, there
were no notable differences in how the lesions
manifested themselves in the two soybean groups.
Based on these results, GM soybeans do not have
characteristic effects that differ from the propestof
non-GM soybeans in terms of causing lesions. The
results also indicate that GM soybeans do not have
any adverse effects on organs that may affect. the
onset of naturally-occurring lesions. The fact. that
there were no obvious differences between. the two
soybean groups in terms of organ weights and blood
serum biochemistry also probably reflects the latk
differences in the abovementioned -histological
analyses. The incidence of neoplastic lesions that
were observed frequentlydin both soybean groups was
within the scope of incidence reported in long-term
rat rearing '} and there were no significant
differences in the.incidence rate between the smybe
groups for either-male“or female rats. These result
indicate that.GM'soybeans do not possess specific
tumour-inducing) properties or modify the onset of
naturally=eccurring tumours that are specific ttsra

For the non-GM soybeans that were used for
comparison with GM soybeans in this study, a varian
related to the GM soybean was used. In addition to
the presence of a transgene and a geneticallyedkriv
protein (CP4-EPSPS), GM soybeans differ somewhat
from non-GM soybeans in regard to their protein and
fat content, but the difference is minute, and e¢her
were no significant differences in their properties
Both soybean-containing diets were prepared so that
protein, fat, starch, and sugar content were praityi
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identical and they had the same caloric profileerEh
was also no significant difference between the two
soybean groups in terms of plant sex hormone [&vels

With regard to the safety of conventional GM
soybeans, the issue of allergenicity of the gealiyic
derived protein (CP4-EPSPS) has been raised.
However, because the CP4-EPSPS protein is digested
quickly in artificial gastric and intestinal juices is
believed that it will be easily digested as. a food
ingredient intended for humans. Furthermore, CP4-
EPSPS is not considered to possess any allergenic
characteristics

5) Comparison between the ‘soybean groups
and the CE-2 group

In this study, to understand the effects that are
characteristic of and.common to GM and non-GM
soybean-supplemented diets, the study results were
compared to those obtained from rats that wereafed
standard rodent feed (CE-2) typically used for
toxicity tests.

When the soybean groups and the CE-2 group
were compared, there were significant differences i
body weight among male rats, food intake among
female rats, and some organ weights in both sexes.
Histologically, there were significant differences
between the two soybean groups and the CE-2 group
in the incidence and severity of naturally-occugrin
lesions that mainly involved the liver and kidneys.
Furthermore, in the soybean groups, the incidefice o
tumours in the testes and uterus were lower cordpare
to the CE-2 group, and the incidence of pancreatic
and thyroid tumours were higher. Because the
differences in these test results were not sigmific
between the GM and the non-GM groups, the
differences between the soybean groups and the CE-2
group likely reflect differences in the ingrediertf
the diets.

Various biological effects of soybeans have been
reported, including extended survival period and
suppression of chronic nephropathy when casein —
usually used in test diets— is replaced with sogbea
proteint”*® enlarging and proliferating effects on
pancreatic acinus caused by trypsin inhibitors in
soybean¥, suppression of weight gain, suppression
of accumulating body fat, and reduced food
consumption in ovariectomized rats and mice due to
soybean isoflavones and genistein, which is an
isoflavoné®?, and effects on hepatic functions
associated with histological changes, such as



proliferation of the bile duct and enlargement ofth
male and female sexual org&nsAll of these are
believed to be caused by female-hormone-like effect
caused by isoflavones. Furthermore, female
hormones are known to affect proliferative lesiofis

the liver, the development of endocrine organs, and
the onset of proliferative lesiofi€®. The difference

in the incidence of interstitial cell adenoma ire th
testes and pituitary adenoma that were observed in
the present study between the soybean groups and th
CE-2 group may be due to the effects of plant sex
hormones in the soybeans, such as genistein.
However, because there were no differences in body
weights, uterus mass or histological changes, éurth
studies are necessary to assess whether or not
genistein affected these results. As for non-saybea
dietary ingredients, a high-sucrose diet is knowan t
enhance the foci of cellular alteration and tumpass
well as the onset of fatty liv€r In the soybean-
supplemented diet used in the present study, seicros
was added at a concentration of 10% as a source of
carbohydrates. This is not a particularly high
concentration, but because many cases of
vacuolization believed to be steatosis were obskerve
among male rats in the GM group, the histological
differences in the livers observed between “the
soybean groups and the CE-2 group may-be.due to
long-term consumption of sucrose, which_is not
found in CE-2.

The differences between the soybean groups and
the CE-2 group observed in this.study may be caused
by non-soybean nutrition differences in the di€is:
this reason, it is necessary to ‘study this sulfject
nutritional and endocrinological perspectives i th
future to identify  the cause of the differences
observed between different diets.

Conclusion

GM soybeans and non-GM soybeans were added
to/diets at a concentration of 30% and fed to rats
continuously for 104 weeks to observe the bioldgica
effects caused by GM soybeans. The fact that there
were no differences in body weight and other anglys
results indicates that GM- and non-GM-soybean-
added diets are not significantly different in thei
nutritional and chemical properties. For this reaso
we believe that long-term consumption of GM
soybeans does not cause any adverse effects.
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