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ABSTRACT

Objective : Diabetic gastroparesis is a complication that is defined as delayed gastric emptying and upper gastrointestinal
symptoms and often occurs in long—standing diabetic patients. Bojungikgi—tang (BJT) is a traditional oriental herbal
formula that has long been used for the treatment of digestive disorders, The purpose of this study was to investigate
the effects of BJT on streptozotocin (STZ)—induced diabetic gastroparesis rat model,

Methods : Sprague—Dawley (SD) male rats (250—270g) were divided into 13 groups including normal group, STZ—
induced diabetic control group, BJT diet (7 various concentrations), and insulin—, glibenclamide—, metformin—
treated group were used for the experiments for the comparison. Diabetic gastroparesis was induced by intraperitoneal
injection of STZ. The water intake, food intake, body weights and fasting blood glucose levels were measured, After 4
weeks the animals were sacrificed and gastrin, leptin, insulin, hemoglobin A1C (HbAlc), lactate, lactate dehydrogenase
(LDH), bilirubin, creatinine, albumin and lipid levels were evaluated.

Results : Intraperitoneal injection of BJT for 4 weeks resulted in increased levels of gastrin in blood and decreased
leptin and lactate concentration in STZ—induced diabetic gastroparesis rat model, BJT did not affect insulin, fasting
glucose, HbAlec, and lipid levels in STZ—induced diabetic gastroparesis rat model,

Conclusion : These results indicated that BJT would have protect effect on diabetic gastroparesis through the
improvement effect of gastric motility and fatigue syndrome in STZ—induced diabetic rats, This study shows that BJT
might be effective for treatment of diabetes and its complications such as gastroparesis.
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Table 1. Effect of BJT on body weight in STZ—induced diabetic gastroparesis rat model

. ) Food intake/Body weight (g)
Administration group
1 week 2 week 3 week
Normal 359.3 + 27.7 386.0 £ 50.2 393.6 £ 37.3
Control 336.9 + 40.5 362.6 + 42.6 364.0 £ 429
x 1/4, tid 329.5 = 9.3 344.6 = 13.7 352.8 £ 17.8
X 1/2, tid 326.8 + 13.8 339.3 = 13.2 3459 £ 21.3
x 1, tid 323.8 = 26.7 341.5 = 32.6 347.6 £ 30.3
BJT? X 3, tid 330.3 + 14.8 3455 + 15.2 355.1 + 13.8
s17 X 6, tid 328.0 = 22.0 346.5 + 24.3 355.9 £ 314
X 12, tid 335.0 = 23.0 343.8 + 24.7 352.4 £ 30.7
X 18, tid 334.9 £ 17.5 344.9 £ 20.3 348.1 £ 29.8
glibenclamideb) 352.5 = 23.8 364.3 = 21.3 369.4 + 228
insulin® 338.6 = 227 351.9 = 27.3 360.8 £ 32.3
Comparator )
metformin 339.3 + 284 364.8 = 36.9 376.4 £ 445
metformin+( x 6)9) 323.3 + 19.7 340.1 + 17.9 347.0 £ 224
The result represents the mean=+SD values (n=8). a) BJT : concentration based on human dose (330 mg/kg, PO),
b) glibenclamide (0.1 mg/kg, mid, PO) ) insulin : insulin(1 U/kg/day, mid, SC)
d) metformin : metformin-HCI (20 mg/kg, bid, PO) e) metformin+(X6) : metformin - HCI(20 mg/kg, bid, PO) + BJT (X6).

Table 2. Effect of BJT on water intake, food intake, and fasting blood glucose levels in STZ—induced diabetic gastroparesis rat model (continue)

Water intake (mf)
Administration group
1 week 2 week 3 week 4 week

Normal 92,5 + 16.9 91.0 + 16.8 93.8 = 40.7 75.8 = 8.0
Control 194.6 + 21.1 225.0 + 16.4 230.9 + 19.2 224.4 + 23.1
x 1/4, tid 216.1 + 40.6 2458 + 545 251.8 + 64.2 243.8 £ 62.1
x 1/2, tid 2187 £+ 42.2 248.3 + 34.3 264.3 + 24.3 2475 £ 49.2
x 1, tid 207.4 £ 39.8 215.5 £ 39.8 2405 £ 455 2494 £ 36.9
BJT X 3, tid 205.4 £ 43.6 222.8 £ 50.2 2273 £ 62.6 2413 £ 734
S17 X 6, tid 181.3 = 27.5 212.5 £ 38.8 252.8 £ 56.7 231.3 £ 80.1
x 12, tid 232.2 £ 51.9 256.8 £ 66.1 261.9 £ 68.4 242.5 £ 67.4
x 18, tid 236.1 + 28.1 250.8 £ 39.2 286.9 + 34.5 2719 £ 35.6
glibenclamide” 2385 + 37.7 266.5 + 38.3 272.8 £ 50.8 209.4 + 82.3
Comparator insulin? : 145.7 + 29.6 163.3 + 28.0 160.8 + 27.7 178.1 + 457
metformin 210.2 £ 48.7 249.3 + 40.6 2575 + 31.7 2125 £ 80.2
metformin+(x6)? | 208.9 + 64.9 236.8 + 71.3 235.8 £ 76.8 233.1 £ 80.9
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Food intake (g)
Administration group
1 week 2 week 3 week 4 week
Normal 30.6 + 11.1 33.3 + 6.0 32.4 £ 10.7 34.7 £ 11.1
Control 452 + 4.8 50.9 + 3.0 53.0 £ 3.7 52.1 + 4.2
x 1/4, tid 49.0 £ 6.0 58.0 £ 6.0 55.0 £ 10.5 57.0 = 11.0
x 1/2, tid 475 £ 5.4 54.9 £ 4.6 57.4 £ 3.9 54.6 = 7.6
X 1, tid 43,7 £ 6.2 51.3 £ 5.9 53.5 £ 94 55.6 = 7.9
BJT? X 3, tid 46,4 *+ 6.5 53.9 £ 7.3 51.1 £ 9.8 54.2 £ 15.1
o X 6, tid 416 £ 5.0 50.6 £ 4.2 56.1 £+ 6.3 55.6 = 7.7
X 12, tid 472 + 8.3 54.2 £ 9.6 53.0 + 11.1 55.3 + 11.8
x 18, tid 59.9 £ 6.0 60.7 £ 4.5 55.2 + 4.1 48.5 + 4.2
glibenclamide” 60.8 + 4.9 59.9 + 6.7 60.9 + 4.8 52.9 + 57
insulin® 476 £ 7.4 52.3 £ 9.4 54,5 £ 127 52.8 £ 12.3
Comparator )
metformin 39.6 £ 6.1 55.2 £ 6.9 55.2 £ 6.9 43.2 = 7.5
metforrnin+(><6)e) 46,7 £ 9.5 55.2 £ 6.9 59.1 £ 6.2 56.4 *+ 6.9
Administration group Fasting blood glucose level (mg/d¢)
Normal 88.0 £ 27.1 101.8 £ 144 1017 £ 7.1 99.7 £ 17.5
Control 281.4 + 59.9 486.0 + 84.9 433.3 £ 149.1 465.6 = 93.9
x 1/4, tid 296.8 + 40.0 464.0 £ 1419 403.4 + 136.4 417.8 + 1359
x 1/2, tid 315.5 £ 95.5 563.1 + 1285 511.8 £+ 179.7 521.0 £ 134.0
x 1, tid 340.9 + 104.3 502.0 + 101.8 491.3 £+ 143.9 488.6 * 55.2
BJT X 3, tid 3249 £ 50.5 392.3 £ 91.6 4146 + 1442 583.1 £ 150.6
<17 X 6, tid 276.8 £ 40.2 493.9 £ 59.9 426.8 + 120.8 518.9 + 87.3
x 12, tid 295.1 + 69.2 643.4 + 108.3 522.8 + 133.2 566.4 + 114.4
x 18, tid 301.4 =+ 40.1 508.3 + 153.4 512.6 =+ 141.5 534.0 + 121.8
glibenclamide” 299.4 + 81.4 484.1 + 125.1 369.9 + 106.3 484.8 + 103.6
insulin® 288.6 =+ 75.7 500.3 £ 94.4 421.0 £ 66.1 443.1 + 95.5
Comparator )
metformin 340.3 + 96.2 368.9 + 91.9 335.1 + 106.2 388.6 + 161.9
metformin+(x6)? 3309 + 552 526.6 + 82.0 480.4 =+ 95.3 453.9 *+ 58.6

The result represents the mean=+SD values (n=8).
b) glibenclamide (0.1 mg/kg, mid, PO)

d) metformin :

metformin‘HCI (20 mg/kg, bid, PO)

a) BJT : concentration based on human dose (330 mg/kg, PO),
insulin(1 U/kg/day, mid, SC)
metformin - HCI(20 mg/kg, bid, PO) + BJT (X6).

c) insulin :
e) metformin+(X6) :

Table 3. Effect of BJT on food intake per body weight in STZ—induced diabetic gastroparesis rat model (mean=+SEM, n=8)

Administration group

Water intake (mf)

1 week 2 week 3 week 4 week
Normal 11.7 £ 2.5 11.6 £ 5.4 12,1 + 3.2 11.3 £ 5.4
Control 7.5 £ 83 7.1 £ 14.3 6.9 = 11.6 7.0 £ 10.2
x 1/4, tid 6.7 £ 1.5 5.9 = 2.3 6.4 = 1.7 6.2 = 1.6
x 1/2, tid 6.9 £ 26 6.2 = 28 6.0 £ 5.4 6.3 £ 2.8
x 1, tid 74 + 4.4 6.7 £ 5.6 6.5 * 3.2 6.3 * 3.8
BJT? x 3, tid 71 + 2.3 6.4 + 2.1 69 + 14 6.6 £ 09
<17 X 6, tid 79 £ 44 6.8 £ 5.7 6.3 £ 4.9 6.4 £ 4.0
x 12, tid 7.1 £ 2.8 6.3 £ 2.6 6.6 £ 2.8 6.4 £ 2.6
x 18, tid 5.6 £ 3.0 5.7 £ 4.4 6.3 £ 7.3 72 £ 7.1
glibenclamideb) 58 £ 4.9 6.1 £ 3.1 6.1 + 4.8 7.0 £ 4.0
insulin” 7.1 £ 3.1 6.7 £ 29 6.6 = 2.5 6.8 £ 2.6

Comparator )

metformin 8.6 = 4.6 6.6 £ 5.4 6.8 £ 6.4 8.7 £ 5.9
metformin+( x 6)° 6.9 = 2.1 6.2 £ 2.6 5.9 £ 3.5 6.2 £ 3.2

The result represents the mean=+SD values (n=8).
b) glibenclamide (0.1 mg/kg, mid, PO)

d) metformin :

metformin-HCI (20 mg/kg, bid, PO)

a) BJT : concentration based on human dose (330 mg/kg, PO),
insulin(1 U/kg/day, mid, SC)
e) metformin+(X6) : metformin - HCI(20 mg/kg, bid, PO) + BJT (X6).

c) insulin :
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Figure 1.Effect of BJT on the levels of gastrin and leptin in
STZ—induced diabetic gastroparesis rat model

BJT : concentration based on human dose (330 mg/kg, PO), A:
glibenclamide (0.1 mg/kg, mid, PO) B: insulin (1 U/kg/day, mid, SC),
C: metforminHCI(20 mg/kg, bid, PO), D: metforminHCI(20 mg/kg.
bid, PO) + BJT(x6). *P(0.001 vs. the control group; **~<0.01,
and **P{0.001 vs. streptozotocin (STZ)—treated group.

2 Z2stgth 2E7)8 x1/2, x 3|4 9zt insulin®]
EorRl o Wgke mulgk A2 yebdtt (Figure 2).

3=
P =
E 2]
=}
=
S
-_E_ LR
2 14
=

L
0
NorConx1d x12 =1 =3 =6 x12x18 A B C D
BJT (330 mglkg)
STZ (60 mglkg)

Figure 2. Effect of BJT on the level of insulin in STZ—-induced
diabetic gastroparesis rat model

BJT : concentration based on human dose (330 mg/kg, PO), A:
glibenclamide (0.1 mg/kg, mid, PO) B: insulin (1 U/kg/day, mid, SC),
C: metformin'HCI(20 mg/kg, bid, PO), D: metformin‘HCI(20 mg/kg,
bid, PO) + BJT(X6). *P¢0.001 vs, the control group; ***£¢ 0,001
vs. streptozotocin (STZ)—treated group.
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Table 4. Effect of BJT on the serum level of HoA1c and plasma levels of lactate, bilirubin, creatinine, albumin in STZ—induced diabetic gastroparesis
rat model

Blood Plasma
Administration group HbAlc lactate LDH bilirubin creatinine albumin
(%) (mM) (U/L) (mg/de) (mg/ de) (g/de)
Normal 38 + 04 538 + 109 13350 + 46,58 0.30 + 0.00  0.30 + 0.00 4.05 + 0.43
Control 74 + 0.7 622 + 57 | 93850 + 558.95°.0.33 + 0.05 0.25 + 0.06 4.24 + 0.29
x 1/4, tid 76 + 09 1379 + 9.6 & 88200 + 73.77 0.40 + 0.08 0.28 + 0.05 3.86 + 0.33
x 1/2, tid 7.7 £ 0.7 368 + 6.3 | 850,50 + 620.95:0.38 + 0.10 0.28 + 0.05 13.95 + 0.35
x 1, tid 78 + 06 429 + 56 1208.00 + 468.89 0.38 + 0.10 0.30 + 0.08 4.41 + 0.73
BJT? x 3, tid 76 + 0.8 350 + 7.47 104450 + 329.24 0.37 + 0.06  0.30 + 0.08 3.93 + 0.30
X 6, tid 78 + 04 416 + 3.7  732.00 + 185.65 :0.40 + 0.00  0.38 + 0.05 4.15 + 0.53
STZ
x 12, tid 9.2 + 19 545 + 139 68350 + 29567 0.48 + 0.17 0.38 + 0.05 4,20 =+ 0.48
x 18, tid 7.8 + 0.3 427 + 12.0° 582,50 + 202.36 0.53 + 0.10 | 0.40 + 0,08 425 + 0.48
glibenclamide® 7.8 + 0.2 397 + 13.4° 541.00 + 128.32 0.30 + 0.12 0.20 + 0.08 4.45 + 0.41
insulin® 75 £ 1.1 453 + 135 706,50 + 674.60 0.35 + 0.10  0.28 + 0.05 4.08 + 0.36
Compar
ator 0
metformin 69 + 1.7 523 + 7.2 | 34250 + 179.59 0.45 + 0.17 A 0.28 + 0.05 4.48 =+ 0.82
mfzfjglin 77 + 0.8 436 + 12.9 41350 + 28498 0.50 + 0,00  0.30 + 0.08 4.10 + 0.48

The result represents the mean=+SD values (n=8). a) BJT : concentration based on human dose (330 mg/kg, PO), b) glibenclamide (0.1 mg/kg,
mid, PO) c¢) insulin : insulin(1 U/kg/day, mid, SC), d) metformin : metformin‘1Cl (20 mg/kg., bid, PO), e) metformin+(X6) : metformin‘HCI(20
mg/kg, bid, PO) + BJT (x6). *2{0.05 and *P{0.001 vs. the control group; ~P<0.05, and ~{0.01 vs. streptozotocin (STZ)—treated group.
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Figure 3. Effect of BJT on the serum level of lactate in STZ—
induced diabetic gastroparesis rat model

BJT : concentration based on human dose (330 mg/kg, PO), A:
glibenclamide (0.1 mg/kg, mid, PO) B: insulin (1 U/kg/day, mid, SC),
C: metforminHCI(20 mg/kg, bid, PO), D: metiormin‘HCI(20 mg/kg,
bid, PO) + BJT(X6). *P<0.05, and **P{0.01 vs. streptozotocin
(STZ)—treated group.
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Table 5. Effect of BJT on total cholesterol, triglycerides, and HDL in STZ—induced diabetic gastroparesis rat model

Aokl Ao wlxE G

Administration group L

Total cholesterol (mg/d¢) Triglyceride (mg/d?) HDL (mg/de)

Normal 77.0 £ 8.0 81.7 = 36.9 470 = 9.4
Control 96.0 = 10.9 203.3 + 113.2 58.8 £ 5.0

x 1/4, tid 76.5 £ 7.0 285.0 = 757 48.8 + 12,5

x 1/2, tid 87.0 £ 10.8 220.3 = 79.6 53.5 £ 8.9

X 1, tid 88.0 £ 41.1 192.7 £ 127.8 443 + 153

BJT® X 3, tid 61.7 £ 11.6 122.7 £ 24.5 32.5 £ 8.5
S17 X 6, tid 71.7 £ 13.0 119.7 £+ 76.2 42,5 + 5.0
X 12, tid 91.3 = 50.5 280.7 = 194.3 53.8 £ 24.0
X 18, tid 80.3 = 10.2 243.7 = 160.7 52.3 £ 11.9
glibenclamideb) 71,7 = 13.9 113.3 £ 44,6 480 £ 10.4

Comparator insulin® . 76.7 £ 7.4 318.3 £ 125.0 475 £ 5.4
metformin 90.0 £ 30.2 115.0 = 37.6 56.0 £ 13.7
Inetformin+(><6)e) 69.0 £ 7.5 253.7 £ 113.0 50.5 £ 16.7

The result represents the mean+SD values (n=8).
b) glibenclamide (0.1 mg/kg, mid, PO)
d) metformin : metformin‘HCI (20 mg/kg, bid, PO)
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c) insulin :

a) BJT : concentration based on human dose (330 mg/kg, PO),
insulin(1 U/kg/day, mid, SC)

e) metformin+(X6) :

metformin - HCI(20 mg/kg, bid, PO) + BJT (X6).
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A F d2EHT (2R S E Ty FH T
ARl Y FUHE Eoli eS¢ 5 Utk 28y BF
7" T ol2et B /ol thste] Fojn|gt wst
7F BEEZR gttt o2 8 F Y 2548 2 A4S
oH ZEE Ui EFUIRY anE st
Gastring €| Hu] 27 220 Z A QAL Bu| o]zt
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A71gE A FAT IFL FHRTLLE AESH
glibenclamide®} insulin FSZANA &=l HA F718t 4Tt
E3F 22071592 metforminT &7 EoJ§t fo| A gastrin
o £H7t A F7FRE EAT 4 AT (Figure 1A), o]
Ads STZE fEE T HEJN EF7|F Foq7}
gastrin®] £H]& F7MA ¥ 548 M7= &7t
A2 HAFT, Metformine F2 74 GAA oAet 2
FoA el ARYS MAdste 71AS B8 8 A5HA
7= FEE 2o|a ot fRTA BRG] dEA Ut
BH37|%S metformin® A £ 3 +& metformin
@ T v|3] gastrin®] 8|7t 24 FUFstEEH, B
%9712 metformin®] FEHFTA-E] RS AFa o}
oF g HEo=g AZEYG A&A 3222l lepting] %,
STZE fF8E T RAEA T3] F7tstaod 2597
2 9 R BFE O A7t Fasgo (Figure
B). o|& B3 BF Y729 Fo7t 289 FUtete TA L
5= ¢ 4 Yot Insulin® F-ole STZ FofolA 3
o tH I £X]7F 3A FAGP oY BEeU|Re] R
5 FEA ot FUHE EEE ¥ fYus HE B
o] A] ¢koktt (Figure 2).

STZZ 8 T HES| NS A Fste] N F HbAlc,
lactate @ g mAEY $AE A5t Lactate
acidosisol e F&FE 257 ) lactated] AsS &
23t A, STZE §90" T HEA I £=X]7} F715H4
I BFA7 S HZS FAAHETNA BT lactate?] $X
7} ZasE AFE BYch(Table 3, Figure 3). Yo
FreHE FPFoIA R lactate acidosisol] W3 23
o7|Fe] 2 fAE AN EN BEans UedE
JIstach B AR7|E2 24 A== HbAle (B3
FAL), Aatdeafs (LDH)E STZ FoftollA A
H|3) 713t =25 Uehilou BE07|ge Foj7t 2]
3t H3lE Ve R = 99f o T4 bilirubin, creatinine,
albumin® Z-foles IEL FY4F0 EAHEHA Foth
(Table 4), FxrgollA A& thAte] o]4+Z mhetstr] 3t &
Z 229 &4 Ao A X total cholesterold} triglyceride
= STZ FoTolA B4 tu F7tetg ey BEor|d2
olof gt FF W3S Ho|A gytew, HDLY 7ol
IET FYugt HskE 2olx] ¥ttt (Table 5). 2FY7]
B2 STZ Fo2 dAgste it Tof ks g E=
chefst T4 TN E § 54T acidosisE HAARAIFL 2N
TP YFEAutH o diste] a9E Y= Ao AFZrE
Jeu g 9 e SRS oF g2 FAAA
Uehts 93 gHseR, Bt AAE deHd 9 ot

—

s
oo

1o o
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