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Materials and Methods Analytical Methods
Materials Analysis of drug-metabolizing enzymes

Powdered CFE standardized to 10% (w/w) forskolin
was prepared as follows. Dried roots of C. forskohlii, ob-
tained from Bangalore in southern India, were crushed
and supercritically extracted with CO, gas. The for-
skolin-rich extract (20-30%) was mixed with dextrin to
give a forskolin concentration of 10%. These processes
were outsourced to Tokiwa Phytochemical Co., Ltd.
(Chiba, Japan). The CFE comprised: water, 5.6%; pro-
tein, 0.3%; lipids, 22.7%; ash, 2.2%; and carbohydrates,
69.2%. The HPLC chromatographic profile has been re-
ported elsewhere'®, and the analyzed contents of for-
skolin and 1,9-dideoxyforskolin in the CFE sample were
10.37% and 1.71%, respectively. CFE was added in the
proportions described below to an AIN93G semi puri-
ﬁed»diet'“, which was purchased from Oriental Yeast
Co., Ltd., Tokyo, Japan.

Chemicals for the measurement of CYP enzyme activi-
ties (vesorufin, pentoxyresorufin, (S)-warfarin, 7-hy-
droxywarfarin, 7-ethoxycoumarin, testosterone, 6f-hy-
droxytestosterone, and corticosterone) and for the
analysis of tolbutamide in plasma (tolbutamide and
gliclazide) were obtained from Sigma-Aldrich Inc. (St
Louis, MO, USA). NADPH was purchased from Oriental
Yeast (Tokyo, Japan), while all other reagents were
purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan).

Animal experiments

Male Wistar rats, aged 4 weeks (CLEA Japan, Inc.,
Tokyo Japan), were housed in stainless steel wire-bot-
tomed cages at a constant temperature (22+1C) with a
12 h light—dark cycle. They had free access to water and
diet. After acclimation for 1 week, rats were divided into
three groups (8 rats per group), and fed assigned diets
(0% CFE as a control, 0.3% CFE and 1% CFE) for 2
weeks. They were then switched to the control diet for 1
day to minimize CFE content in the intestinal tract,
after which they were given a single dose of 40 mg/kg
tolbutamide by intragastric gavage. Blood was taken
from the tail vein at predetermined time points (0, 0.5,
1, 2, 8, 4, 5, 6 h) for blood glucose analysis, which was
performed with a Dexter Z II detector (Bayer Corp.,
Mishawaka, IN, USA). Immediately after the 6 h blood
sampling, the rats were anaesthetized with pentobarbi-
tal and exsanguinated from the descending aorta with a
heparinized syringe. The liver was removed and rinsed
with 0.9% (w/v} NaCl. The plasma and liver samples
were stored at —80C until analysis. All animal proce-
dures were in accordance with the National Institute of
Health and Nutrition guidelines for the Care and Use of
Laboratory Animals, and were approved by the ethical
committee of the National Institute of Health and Nutri-
tion (approval number and date: No. 0912, on April 14",
2009).

The preparation of liver microsomes and analysis of
CYP enzyme activity were performed by the methods de-
seribed previouslym). The specific substrates used to
evaluate subtype activities were: cothoxyresorufin O-
deethylase, CYP1AL; methoxyresorufin O-demethylase,
CYP1A2; pentoxyresorufin O-dealkylase, CYP2B; (S)-
warfarin 7-hydroxylase, CYP2C; and testosteronc 68-hy-
droxylase, CYP3A. Protein concentrations were deter-
mined using a BCA protein assay kit (Pierce, Rockford,
IL, USA).

Western blot analysis of CYP enzymes was performed
as previously described'”. In brief, liver microsomes
were separated on a 10% sodium dodecyl sulfate-poly-
acrylamide gel (¢c-PAGEL"™; ATTO Co., Tokyo, Japan)
and blotted onto a polyvinylidene difiuoride (PVDF)
membrane (Clear Blot membrane-p; ATTO Co.). The
membrane was blocked in 3% (w/v) non-fat milk (Santa
Cruz Biotechnology, Inc.) made up with Tris-HCl buff-
ered saline with 0.1% (v/v) Tween 20. Primary and sec-
ondary antibodies were diluted with blocking buffer. As
primary antibodies, CYP2B1/2B2 (sc-53242, Santa Cruz
Biotechnology, Inc., Dallas, Texas, USA), CYP2C6
(C0746, Sigma-Aldrich), CYP3A (sc-25845, Santa Cruz
Biotechnology, Inc.), and B-actin (as a control, sc-47778,
Santa Cruz Biotechnology, Inc.) were used. Horseradish
peroxidase-labeled IgGs (sc-2005 and sc-2004, Santa
Cruz Biotechnology, Inc.) were used as secondary anti-
bodies. The membrane was incubated with antibodies
and developed using the enhanced chemiluminescence
detection system (ECL Western-Blot Kit; Amersham
Pharmacia Biotech Inc., Piscateway, NJ, USA) according
to the manufacturer's protocol. Protein bands were ana-
lyzed with Imaged software (National Institutes of
Health, Bethesda, MD, USA).

Analysis of tolbutamide in plasma

As an internal standard, 250 pL of 1 VHCI, 100 pL of
gliclazide solution (30 pmol/L), and 3 mL of hexane—
ethyl ether (7 : 8, v/v) were added to 50 pL of plasma. Af-
ter extraction on a shaker for 5 min, the sample was
centrifuged at 1,800 X g for 3 min at 4. The upper layer
was transferred to another test-tube and evaporated un-
der a stream of nitrogen at 40°C. The dry residue was
dissolved in 200 pL of mobile phase (10 mM monobasic
sodium phosphate, pH 2.0 in methanol (45:55, v/v)),
and 50 uL. of the sample was subjected to HPLC as re-
ported by Leung et al'® All components of the HPLC
system were manufactured by Shimadzu Corporation,
Kyoto, Japan: these consisted of a pump (LC-10ADvp),
an auto-sampler (SIL-10ADvp), and a UV detector
(SPD-10Avp). Tolbutamide and the internal standard
were separated with an L-column ODS, 4.6 X250 mm, 5
um particle size (Chemical Inspection & Testing Insti-
tute, Tokyo, Japan) at 30T, using a flow rate of 1.0
mL/min, and detection of tolbutamide was performed at
230 nm. Intraday and interday precision (coefficient of
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Table 1. Body weight, liver weight, plasma tolbutamide concentration, and food intake in rats administered Coleus forskohlii
extract (CFE) and tolbutamide

CFE 0% 0.3% 1%

Tinal body weight (g) 244.2:42.3 239.8:43.3 [0.98] 246.8:56.2 [1.0]

Liver weight (%body weight) 3.08+0.070 3.22:1:0.036 {1.0] 3.65:0.06 [1.2]™

Plasma tolbutamide concentration (pmol/L.) 176.2:46.8 151.2:9.6 [0.86]" 83.4:£9.3 [0.47]"

Average food intake (g/day) 18.2:0.22 18.2::0,15 [1.0) 18.2:£0.36 [1.0]

Calculated CFE dose (mg/kg body weight) 0 262:£3.6 8601-11.8

Male Wistar rats were fed a diet containing 0%, 0.3%, or 1% CIE for 2 weeks, and were then fed a control diet without CFE for 1
day. On the final day, the rats were administered 40 mg/kg tolbutamide (p.o.). Bach value represents the mean and standard

error (SE) for six rats.
" Significant difference (p<<0.05) from the control group.

" Significant difference (p<0.05) from the 0.3% CFE diet group.

variance, CV, %) were approximately 1.3% and 1.5%, re-
spectively.

Statistical analysis

Data are presented as mean and standard error (SE)
for individual groups and were statistically analyzed us-
ing one-way ANOVA with Tukey's multiple comparison
test. Differences at p<0.05 were considered significant.
All statistical analyses were performed using Prism 5.0
(GraphPad Software Inc., La Jolla, CA, USA).

Results

Final body weight and average food intake did not dif-
fer among the three groups, but liver weight was in-
creased significantly in the 1% CFE group (Table 1). The
basal concentration of glucose did not differ among the
three groups; it was 6812.6 mg/dL. for the 0% CFE
group (control), 75:+4.1 mg/dL for the 0.3% CFE group,
and 76:+2.6 mg/dL for the 1% CFE group. After tolbuta-
mide administration, blood glucose concentration de-
creased to reach a minimum at 4h, after which it in-
creased slightly (Fig. 1). In the 0.3% and 1% CFE groups
compared with the control group, the hypoglycemic ac-
tion of tolbutamide was weaker, and a significant differ-
ence was detected between the control group and 1%
CFE group at 6 h.

Total CYP content and various CYP activities were
analyzed in the liver. CFE induced increases in total
CYP content and the activities of various CYP subtypes
in a dose-dependent manner (Fig. 2). In particular,
marked induction was noted in CYP2B, CYP3A, and
CYP2C, which is responsible for tolbutamide metabo-
lism. Western blot analysis also showed that CFE en-
hanced the expression of CYP2B, CYP2C, and CYP3A at
the protein level (Fig. 3). The presence of two bands in
CYP2B suggested that a specific subtype of CYP2B
might have been induced by CFE treatment. Consistent
with the attenuated hypoglycemic action of tolbutamide,
the plasma concentration of tolbutamide was decreased
at 6 h in the CFE treatment group (Table 1). There was
a significant negative correlation between plasma tolbu-
tamide concentration and CYP2C activity, and also be-
tween tolbutamide concentration and reduction of blood
glucose level (Fig. 4).
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Lffect of Coleus forskohlii extract (CFE) on tolbut-
amide-induced hypoglycemic action in rats

Fig. 1.

Rats were fed a control diet containing 0%, 0.3%
or 1% CFE diet for 2 weeks, then all were fed the
control diet for 1 day, after which tolbutamide was
administered {p.o. 40 mg/kg body weight) to in-
duce hypoglycemia. Values represent mean and
standard error (SE) for six rats.

“: Significant difference from control diet.

Discussion

Tolbutamide is metabolized by CYP2C9 in humans
and by CYP2C11 in rats'”, but the activity of both en-
zymes can be evaluated as (S)-warfarin hydroxylase ac-
tivityw) . In the present study in rats, we observed an in-
teraction of CFE with tolbutamide in vivo, in terms of
hypoglycemia and induction of hepatic CYP2C. The
present findings are similar to those concerning the in-
teraction of warfarin and CFE in our previous study in
mice'”. CFE induced hepatic CYP3A-type enzymes as
well as CYP2C, and these two forms of CYP catalyze the
metabolism of about 70% of prescription drugs 199200
Therefore, it is reasonable to speculate that CFE could
interact with various therapeutic drugs via induction of
hepatic CYPs.

Induction of hepatic CYPs was clearly detected in the
0.3% CFE group. In this group the calculated dose of
CFE was 262 mg/kg body weight, which corresponds to
about 40 mg/kg body weight in humans when estimated
by the body surface normalization method?”. In our pre-
vious studies, we showed that the marked induction of
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Fig. 2. Changes in hepatic total CYP content and activities in rats fed Coleus forskohlii extract {CFE, 0.3% or 1%) or a

control diet (0% CFE)

Values represent mean and standard error (SE) for six rats.

. Significant difference from control diet.
b: Significant diffexence from 0.3% CFE diet.
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Fig.3. Changes in hepatic CYP protein expression in rats
fed Coleus forskohlii extract (CFE, 0.3% or 1%) or

a control diet (0% CFE)

CYPs by CFE was not due to forskolin, a well-known ac-
tive component of CFE, but was due to an as yet uniden-
tified substance'” that was soluble in ether’™. As shown
in the present study in rats and our previous study in

mice, CFE induced various CYPs, suggesting a contribu-
tion of the pregnane X receptor to CYP induction. Ding
and Staudinger reported that 1,9-dideoxyforskolin,
which is a forskolin analog present in CFE, induced he-
patic CYPs™. At present, there is no evidence that
1,9-dideoxyforskolin is involved in the induction of CYPs
observed in the present study. For the safe use of CFE-
containing products, it will be important to identify the
CYP-inducing substance and to remove it or reduce its
concentration in CFE.

Hepatic-CYP-mediated herb-drug interaction has been
examined both in vitro using microsomes and in vivo in
animals and humans. However, findings of in vitro stud-
ies may not be applicable to the in vivo situation, in part
because of poor intestinal absorption of CYP-inducing
substances. Therefore, in vivo animal studies are consid-
ered more suitable, despite species differences. However,
it is important to consider the in vivo experimental con-
ditions. For example, we previously showed that pre-
treatment with Ginkgo biloba extract enhanced hepatic
CYP2C activity and attenuated the hypoglycemic action
of telbutamide, while simultaneous administration of
Ginkgo biloba extract and tolbutamide enhanced this
hypoglycemic action’®. This appears to be due to compet-
itive inhibition between the CYP-inducing substance
and tolbutamide for CYP2C, resulting in delayed metab-
olism and enhanced hypoglycemic action of tolbutamide.
Based on these findings, CFE-treated rats in the present
study were fed a control diet before tolbutamide admin-
istration to wash out CFE present in the intestinal tract.
This treatment protocol should minimize the competi-

-103 -



April 2014

Interaction between Dyug and Colens forshohlii 77

a) Plasma tolbutamide versus CYP2C activity
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b) Plasma tolbutamide versus reduction of blood glucose
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Correlation between plasma tolbutamide concentration and a) CYP2C activity; b) reduction of blood glucose level in

rats fed Coleus forskohlii extract (CFE, 0.3% or 1%) or a control diet (0% CI'E)

Data were taken from Table 1, Figs. 1 and 2.

tive inhibition between the CYP-inducing substance and
tolbutamide for CYP2C. Tolbutamide is metabolized to
4-hydoroxytolbutamide and carboxytolbutamide®’. We
could detect only tolbutamide in the plasma at 6 h after
administration in the present study. This result is con-
sistent with a previous report which showed that tolbu-
tamide metabolites were detectable in urine but not in
plasma®. Even though we could not detect any increase
in tolbutamide metabolites, we observed a significant
decrease in plasma concentration of tolbutamide, an in-
crease in CYP2C enzyme activity, and a CFE dose-de-
pendent, decrease in hypoglycemic action. These findings
indicate that pretreatment with CFE attenuated the hy-
poglycemic action of tolbutamide via induction of hepatic
CYP2C. In the present study, we focused on the CFE ef-
fect on the hypoglycemic action of tolbutamide. We could
not evaluate the pharmacokinetics of tolbutamide, such
as Cuay and Ty, because blood samples were insufficient
for simultaneous analysis of tolbutamide and glucose in
blood. Further study will be needed to characterize the
pharmacokinetics of tolbutamide after CFE treatment.

It is well known that forskolin, an active comaponent of
CFE, directly activates adenylate cyclase and has vari-
ous pharmacological effects™?. Ahmad et al.” reported
that administration of 10 mg/kg body weight forskolin to
rats stimulated the release of insulin and glucagon from
the pancreatic islets, resulting in an increase in blood
glucose in an oral glucose tolerance test. In the present
study, we fed rats CFE containing 10% (w/w) forskolin:
the calculated dose of forskolin was 26 mg/kg body
weight in the 0.3% CFE group and 86 mg/kg in the 1%
CFE group. Basal blood glucose level before tolbutamide
administration did not differ among the control and the
two CFE-treated groups. We also confirmed no signifi-
cant effect of CFE treatment on basal blood glucose lev-
els in a separate study (data not shown). Little absorp-
tion of forskolin is reported to occur in the intestine®,
and we administered tolbutamide 1 day after cessation
of CFE feeding. Accordingly, any contribution of for-
skolin to the hypoglycemic action of tolbutamide in the
CFE-treated groups would be slight.

In our previous study, we showed that Ginkgo biloba
extract attenuated the hypoglycemic action of tolbuta-
mide via a hepatic CYP enzyme-mediated mechanism in
rats, and that the effect was more pronounced in aged
rats (19 months old) than in young rats (7 weeks old)™.
Therefore, if we examine aged rats, the interaction of
tolbutamide with CFE might be more marked. CFE has
been used to treat cardiovascular disease in Ayurvedic
medicine”, and concomitant use of CFE with cardiovas-
cular drugs could therefore be anticipated, particularly
in elderly people. As CFE strongly induced CYPs, inter-
action of such prescribed drugs with CFE might be ex-
pected in elderly people. Health professionals should
carefully monitor patients for adverse events related to
CFE-containing supplements and prescribed drugs.

Conclusion

CFE induced hepatic CYPs in rats and attenuated the
hypoglycemic action of tolbutamide via induction of he-
patic CYP2C. No research has yet been done to examine
the interaction of prescribed drugs and CFE-containing
products in humans. Our results indicate that adverse
events might occur in CFE-supplement users, taking
prescription drugs. Further study seems necessary.
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Summary: Food for Specified Health Uses (FOSHU) can have beneficial effects on health when consumers
correct their lifestyle appropriately. However, it is not clear whether consumers recognize the characteristics of
FOSHU and use it appropriately. To address this issue, a questionnaire investigation was conducted. This re-
vealed that most consumers took FOSHU to maintain their health, although a proportion of them did so for pre-
vention or treatment of disease. FOSHU is appropriately labeled to indicate the correct daily intakes and mode
of intake. About 60% of users followed these directions, but 20% did not, and the remainder were unaware of
these recommendations. In this situation, only 23.4% of users gained beneficial effects from FOSHU. Second-
ary analysis showed that 30.2% of users who changed their dietary habit, 17.0% who changed their exercise
habit, and 10.1 % who did not change anything received beneficial effects from FOSHU. In addition, some users
on medication used FOSHU that had similar health claims to medicines. This investigation confirmed the inap-
propriate usage of FOSHU, especially by patients and individuals on medication. These results suggest that
consumers do not understand the characteristics of FOSHU, and should be educated about the appropriate use
of FOSHU.

Key words: Food for Specified Health Uses (FOSHU), inappropriate usage, lifestyle habit, medicine, health
food
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SEf
201% 290 50.3 241 4.1 214 238 176 9.3 62 1.0 100 7.6
3048 34 58.8  23.5 8.8 235 235 235 17.6 5.9 59 29 59
401X, 137 474 197 5.8 234 248 175 95 44 07 131 16.1
i I
At 20 60.0  40.0 5.0 20.0 250 300 100 0.0 0.0 200 5.0
#t 20 55.0  25.0 5.0 250 300 10.0 10.0 5.0 5.0 50 100
g 187 47,1 182 7.0 21.4 267 193 80 59 0.0 118 11.2
AR 73 47.9 288 2.7 19,2 233 151 6.8 8.2 4.1 96 6.8
T8 90 50.0 233 4.4 233 17.8 211 133 4.4 1.1 6.7 13.3
SRtec! 25 4.0 12,0 0.0 240 160 8.0 240 40 0.0 160 4.0
P 5] 11 72.7 273 0.0 9.1 273 27.3 182 182 0.0 9.1 0.0
JuIt 35 60.0 28.6 57 314 286 114 5.7 2.9 2.9 8.6 8.7
[l LA
40077 Kt 1t 37.8 180 7.2 189 207 189 9.0 45 0.9 17.1 153
400~80075 i 205 54.1 26.3 3.4 234 239 176 9.3 7.3 2.0 9.8 7.8
80075 LA 46 543 152 87 19.6 283 17.4 196 6.5 0.0 £3 8.7
B /e B % 99 53.3 242 40 242 263 182 8.1 3.0 1.0 7.1 9.1
TENRIAR
w 149 51.0 208 54 195 20.8 17.4 107 6.0 0.7 7.4 9.4
speft] 158 50.0 27.8 4.4 241 29.7 234 10.1 7.0 0.6 114 7.0
PN 154 494 195 592 227 214 13.0 9.1 3.9 2.6 1283 136
IEYRAPOTF L & O IERE '
#H1F 263 51.3 232 6.1 240 297 243 11.0 42 0.4 5.7  10.6
;2F 152 50.0 23.0 2.0 31.1 19.1 9.2 99 7.9 26 151 9.9
£ 3 T LK 46 435 196 87  15.2 8.7 10.9 4.3 6.5 2.2 217 6.5
R 3 2 H % T folic acid #EHAY
RS 403 55.1 243 45 238 263 19.1 10.7 5. 1.2 82 9.9
R 58 15,5 12.1 86 10.3 86 103 52 69 1.7 259 103

WRa~72F1 37A 3.0%) Th-7, BOKDY
DORFAOEEL, NMEREE] 14A (1.1%), THER
s, A (EME] 238A (19.3%), MEIR 4~7 2 H
306 A (24.8%), MEHR 8 20 H LIBE 1157 A (12.7%),
THEER | 521 A (42.2%) Th-7, NTD U R7
B O/ DI HEBE S N HEERRD | H OEREIC DV
Thk, T#tuegl 15 (1.2%), T#10ugl 81 A
(6.6%), T#¥100ug] 377 A (305%), 1% 1 mg

(IEfi#) | 156 A (12.6%), #9910 mgJ 92A (7.4%),
(#7100 mg ] 173 A (14.0%), TE ~ 7= 5o b7V
342 A (27.7%) THotc, BONEEOREN L
BERL TWAEROER, (KKK AN, ohbix
W B372.7% T o fo. EBOCEZEEIC X BRI
BOBBWNVCHETIMBEPRTXNTOHEBICEY
T, MEND 5HER CTRIEIRS 2 A £ TO folic
acid IEREEN S o o,
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K2 EURATIS S UAE R R R b BRI R L 2o By (o0 )

AR

“h [
DH; 7 &

201497 H158

e

B O/ o Wi A nE ik [:‘_5; Jj VA %
1 SRS Lo VAR SV S A . S V)
ol v g ap e b bl ok i ft
mi LA g [ S5 I 1o s
5C BN 50§ S A -5 Y < S ) <
PO T S
PO S 4w b ? S o Y TR
Do i T A < I #) . h
7SN (O | N I~
W [N Voo e 7 # b it
& A = 53 » :») Fal [ &
n & 5 i
2 (n) BRE (%)
IERA 1,053 64.1 30.8 3.4 309 236 204 11.8 108 3.9 4 238
Eih
201% 378 63.5 29.6 3.2 339 230 235 11.9 108 4.2 40 45
301X, 622 64.5 315 3.4 297 241 188 11.4 109 3.7 3.9 1.8
401¢ 53 64.2 30,2 5.7 9226 226 17.0 151 9.4 3.8 57 3.8
bith s
i 60 60.0 333 3.3 367 283 200 11.7 133 0.0 3.3 0.0
#ik 56 69.6 357 7.1 429 321 17.9 54 125 54 0.0 1.8
3k 384 67.2 31.3 3.4 318 253 203 10.7 9.1 2.1 4.2 2.9
i 192 62.5 302 1.6 27.6 17.7 18.8 135 12.0 6.3 42 2.1
iR 4 193 63.7 295 47 9290 233 259 140 9.8 3.1 2.1 4.1
] 54 57.4 296 5.6 241 204 16.7 167 7.4 9.3 3.7 1.9
ez 27 51.9 259 0.0 29.6 9259 922.2 148 222 3.7 7.4 0.0
i 87 62.1 299 2.3 31.0 23.0 16.1 80 13.8 6.9 9.2 5.7
LR ZINN
40077 SR 1% 295 59.3 29.8 3.7 336 237 203 108 11.9 4.1 51 3.7
400~80075 5K i 460 66.7 350 3.0 280 228 21.1 11,7 11.3 3.9 3.0 2.4
8004 LA E 75 64.0 253 5.3 29.3 24.0 187 17.3 10.7 4.0 2.7 5.3
T/ eEE 2923 65.0 25.1 3.1 336 251 19.7 11.2 85 3.6 4.9 1.8
TR AR AR
it 277 63.2 30.0 4.7 296 22.4 17.0 144 9.0 2.5 29 25
] 375 66.7 323 2.4 32,3 237 245 13.1 109 3.7 2.7 2.7
4] 401 62.3 299 35 304 244 190 87 120 5.0 6.0 3.2
TFEREODTF & b DO IESZ
®1F 577 64.1 26.7 492 36.6 995 27.2 13.2 10.7 2.6 1.7 35
#HoF 369 63.4 344 2.2 244 163 11.4 111 106 54 6.5 2.2
%3 FLE 107 66.4 40.2 3.7 224 17.8 150 6.5 12.1 5.6 7.5 1.9
PR 3 2 A £ TO folic acid &L
Ei:9:rkicd 876 71.3 311 3.1 306 24.8 205 13.0 10.8 3.1 2.6 2.7
JEFREURE 177 28.2 294 51 32,2 181 19.8 56 107 7.9 107 3.4

Folicacid LMD 7U A % THEBFBELT
Wio | WL, IEIRET19.0%, 1FIER28.6% TH -
72 folicacid At DY 7V AV FFIHRERE T
13, 1R 3 M A E TO folic acid BEREMN %D - 72,

5. ¥FEL NTD YR DEECOVWTHEHDDH

DIFHRCEIT DR 3 A £ TD folic acid 1&
BUIRSR
FERE L NTD U A7 OREIC DWW TTH > T3

CEIBLASIADS L, HEHE3IDA ETO flic
acid FEIEEREE 1L 166 A (19.5%) TH o7z, FE2F
UBEDOEIR CH A L5, 1EES A £ TO folic
acid EERICEDEELYRL, 0RTHLILBED
BEERL (#5),

Vv % =
ARG A v E—F v FEFIRL, EROREME
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F3 IFIE 3 AT TO folic acid BERT L Bk 0BE

ra
FEIR 3 5 B 2 TO folic acid EEEURIL (n=1,236) §
E 20f% 301% 40f%*2 §
E%ERZ# JEERNEE P OR (955 CD)* BIE 2% ei Pl TEREF FERE P EIE JHEDRE ’i
n % n % n % n % n % n % n % = % =
ZF 879 71.1 357 28.9 312 68.0 147 32.0 522 72.7 196 27.3 45 76.3 14 237
FA 0.146 — —
201% 312 68.0 147 32.0 1 — - — - _ = SR — F— —
30¢% 522 72.7 196 27.3 1.50(1.13-1.99) — - — - —_— = _— - — - — —
401% 45 763 14 237 2.04(1.03-4.07) _— = - - —_— - —_— — - - —
Hhi 0.015 0.049 0.130 — — — —_
g 54 72.0 21 28.0 1 20 76.9 6 23.1 33 717 13 283 1 333 2
514 49 817 1t 183 1.79(0.76-4.23) 21 84.0 4 16.0 23 76.7 7233 5 1000 0
) 330 75.9 105 24.1 1.02(0.57-1.81) 103 705 43 29.5 209 78.6 57 21.4 18 783 3
ZER: 161 70.6 67 29.4 0.92(0.50~1.69) 70 72,2 27 27.8 85 69.1 38 309 6 75.0 2
AT 158 65.3 84 34.7 0.63(0.35-1.15) 51 53.7 44 46.3 97 71.3 39 28.7 10 90.0 1
HiE 39 600 26 40.0 0.58(0.28-1.23) 15 65.2 § 3438 24 60.0 16 40.0 0 00 2
Pa 20 625 12 37.5 0.61(0.24-1.54) 6 66.7 3 33.3 12 60.0 8 40.0 7 667 1
S 68 68.7 31 31.3 0.87(0.44-1.73) 26 68.4 12 31.6 39 8.4 18 31.6 3 73.0 1
{EHIRA 0.302 0.979 0.302
4005 K 5% 237 67.3 115 32.7 1 120 67.0 59 33.0 112 67.5 54 323 5 714 2 286 -
400~80077 K4 387 72.5 147 27.5 1.16(0.84—1.59) 110 68.8 50 31.3 255 73.7 91 263 22 78. 6 2t.4
80077 L4 65 747 22 253 0.87(0.49-1.55) 10 714 4 286 43 787 13 21.3 7 583 3 417
R/ fE ) A 190 72.2 73 27.8 0.96(0.66-1.40) 72 67.9 34 321 107 73.8 38 26.2 11917 1 8.3
TEHR AR 0.299 0.936 0.108
TIEA 235 68.3 109 31.7 1 81 66.9 40 33.1 137 675 66 323 17 850 3 15.0
g3 HA 320 73.4 116 26.6 1.28(0.92-1.77) 124 689 56 31.1 178 764 35 23.6 18 783 3 217
K 324 711 132 28.9 1.03(0.74-1.42) 107 67.7 51 323 207 734 75 266 10 623 6 373
IEIRA T ¥ b O H IR <0.001 <0.001 <0.001
B 502 82.3 108 17.7 1 197 79.1 52 20.9 283 84.5 32 135 22 846 ¢ 1534
#HoF 299 64.6 164 35.4 0.38(0.28-0.50) 101 58.0 7% 420 182 67.2 83 32.8 16 889 2 1Ll
53 FLIB 78 47.9 85 52.1 0.17(0.12-0.26) 14 389 22 61.1 57 50.9 35 49.1 7 467 8 53.3
R, -
W EYAF 4y 7ERSICEBA v XM (5% EEER). °

3 IR 5 RO LI D0K LD - 727z, P BRERT bR, -7,



