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The Effects of Laminaria japonica Diet on the Pharmacokinetics of
Metformin and Glucose Absorption in Rats
Han-Gon Choi, Bo Hyun Jang, Jong Dal Rhee, Jung-Ae Kim, Bong-Kyu Yu and Chul Soon Yong'

College of Pharmacy, Yeungnam University, Gyongsan 712-749, Korea
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ABSTRACT-Drug interactions with food, on occasion, lead to serious nutritional and functional changes in the body
as well as alterations of pharmacological effect. It, therefore, should be necessary to take drug interactions with food into
consideration for effective and safe therapeutics. Diabetes mellitus is a heterogeneous group of disorders characterized
by abnormal glucose homeostasis, resulting in hyperglycemia, and is associated with increased risk of microvascular,
macrovascular, and neuropathic complications. However, the precise mechanism of diabetes mellitus remains unclear.
Three basic objectives in the care of diabetic patients are maintaining optimal nutrition, avoiding hypo- or hyperglycemia
and preventing complications. Laminaria japonica is a brown macroalgae which can be used as a functional diet due to
high content of diatery fiber. The purpose of this study was to investigate the effect of Laminaria japonica diet on the
pharmacokinetics of metformin which are frequently used in the treatment of diabetes. Diabetic rats induced by strep-
tozotocin were employed in this study. Blood concentrations of oral hypoglycemic agent, metformin, were measured by
HPLC and resultant pharmacokinetic parameters were calculated by RSTRIP. The mechanisms of drug interaction with
food were evaluated on the basis of pharmacokinetic parameters such as k,, t12, Cuaxo tmaxs @and AUC. Administration of
metformin in normal and diabetic rats treated with Laminaria japonica diet showed significant decrease in AUC, Cypy,
and k,, and increase in ty,,, compared to those with normal diet. This might result from adsorption of metformin on com-
ponents of Laminaria japonica, causing delayed absorption. The oral glucose test showed that Laminaria japonica diet
could lower blood glucose level probably through either inhibiting the activity of disaccharidases, intestinal digestive
enzymes, or delaying the absorption of glucose. More studies should be followed to fully understand pharmacokinetic
changes of metformin caused by long-term Laminaria japonica diet.

Key words—Metformin, Laminaria japonica, Diabetes, Pharmacokinetics
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Figure 1-The structure of metformin.
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Table I-Components of Diet

Component Normal diet (g) L. japonica diet (g)
Casein 20.0 20.0
DL-Methionine 0.3 0.3
Cornstarch 15.0 15.0
Sucrose 40.0 40.0
Corn oil 50 5.0
Lard 10.0 10.0
a-Cellulose 5.0 -
Laminaria japonica - 15.0
Mineral mixture 35 35
Vitamin mixture 1.0 1.0
Choline bitartarate 0.1 0.1
Bl Yol 9 AEFY Sk, Pl o 4
o] W WESY Folo® Risel 3 B AFL 24

siich. WMEZVS wid oA 94 Z7+E 350 mg/kg body
weighte Fo3I3t}. A@ell ARG 2]o]9] & Table I
7 Pt} dard 228 005M FAA¢ %%oﬂ(pH 4.5)%
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olgel g AHgsT.
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Figure 2-HPLC chromatogram of metformin (4.65 min) and in-
ternal standard (2.67 min). (A) plasma spiked with metformin, (B)
plasma spiked with internal standard, (C) plasma sample obtained
after 40 min after oral administration of metformin (350 mg/kg) to
rats.

0.1 ug/mielek. B Fapiygel FLPE 2437 Hstd
593 aliquotss ARE-8}.2H, relative standard deviation
o] 32%=Z AFAe] e A= el AP A
HAd-e AR Slekd WEERY F=IF 0.1-20 pg/midl
T7hel EFAEE AN e, o3 WEeR FdE A
X9 2l ¥)=¢] YolH] =0.2879x % ~0.0044900, r&
0.99990]10t}. o] T FEH A, YHHEAFCYV. %Y=
8.6% ©olst, YZPABAITE 94% olslelnt. FEalxe =
EZvld FHITE 0.1 pgmelRe™, Agupgel A3A
& Z2A3) st WEENSY F=7t 2-100 pg/midl 678
o] FEANEE AMESgon, ol Wiz AE A%
Ale] 212 9] Holu] =20880x %~ 17168, 1=0.9995]
Atk 8FA Y] AWIATE 0.1 pgmle) e, BFE )
APAHL AR5 Y8l vEZY] FE7t 2-200 pg/ml
2 7MY EFAEE AMEsIeH, oleg WHeE 2y
B AFAe A 139 HoH|=18611xFX 17544, 1=
0999301t} & # g e HEEN Agddte B
5 Ego) Ui A Ad 23 Yo EAEIE S
o, B Fao] W EZRI FAF X AW A7
AYe ZoR AR



HHA ThAe} Aol7} MESTIY AiFH B T F70l PRl 9% 175

-
S
5]
E
c
i)
8
c
®
(3]
c
<]
[&]
15 20 25
Time (hr)

B .
Figure 3—Concentration-time profiles of metformin in normal rats.
(O); Coadministration with normal diet, ((J); Coadministration
with Laminaria japonica diet, (@); Administration of metformin 2
hr after Laminaria japonica diet.
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Figure 4-Concentration-time profiles of metformin in diabetic rats.
(O); Coadministration with normal diet, ([]); Coadministration
with Laminaria japonica diet, (@); Administration of metformin 2
hr after Laminaria japonica diet.
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Table II- Pharmacokinetic Parameters of Metformin in Normal Rats

Group k, (hr™) ti (hr) Crnax (g - mI™) tmax () AUC (ug-h™"-ml™)
A 1.82+0.31* 2.21£0.37 5.96+1.15* 1.24+0.21* 24.83+£5.32*
B 3.28%0.75 1.98+0.41 7.29+1.01 0.71+0.17 27.76£6.16
C 2.33+0.44 2.13£0.35 7.36£0.95 0.63+0.14 28.251£5.21
A: Coadministration with Laminaria japonica diet.
B: Administration of metformin 2 hr after Laminaria japonica diet.
C: Coadministration with normal diet.
Each value represents the mean+S.D. of 8 experiments. B
Significant differences from C were determined by Student's #-test (*p<0.05).
Table III-Pharmacokinetic Parameters of Metformin in Diabetic Rats
Group k, (hr™!) t1y (hr) Crnax (Mg -l ™) tmax (hr) AUC (ug-h™'-ml™)
A 2.30+0.27* 2.3240.34 6.91+1.40% 1.36£0.25* 28.21+5.27*
B 2.9310.84 2.18£0.49 8.64+141 0.8610.18 37.60+7.16
C 2.7310.52 1.891+0.38 7.96+1.52 0.73£021 35.25+£8.02

A: Coadministration with Laminaria japonica diet.

B: Administration of metformin 2 hr after Laminaria japonica diet.
C: Coadministration with normal diet.

Each value represents the mean=S.D. of 8 experiments,

Significant differences from C were determined by Student's r-test (*p<0.05).
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Figure 5-The oral glucose tolerance test in normal rats using Lam-
inaria japonica diet. (A); Laminaria japonica diet, (QO); Met-
formin, ([1); Control.
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Figure 6-The oral glucose tolerance test in diabetic rats using Lam-
inaria japonica diet. (L); Laminaria japonica diet, (O); Met-
formin, ([J); Control. '
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