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A Retrospective Study of the Safety and Effect of Co-administration of
Glucose-lowering Medication and Bojungikgi-tang on Blood Glucose Level in Patients
with Type 2 Diabetes Mellitus
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ABSTRACT
Objective: This study aimed to assess the safety and effect on glucose level of Bojungikgi-tang in patients with type 2

diabetes mellitus.

Methods: To review patients’ clinical characteristics and laboratory tests retrospectively, we investigated 15 hospitalized
patients with type 2 diabetes mellitus who took Bojungikgi-tang at Kyung Hee University Korean Medical Hospital for at
least one day between January 2012 and December 2022. The blood glucose levels, including fasting blood sugar (FBS), 2-hour
postprandial glucose (PP2) levels, and glycated hemoglobin level, were collected to determine the effect of the Bojungikgi-tang
on blood sugar changes. Furthermore, to evaluate the safety of Bojungikgi-tang, hepatic function and renal function tests were
implemented, including aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, y-glutamyltransferase, blood
urea nitrogen, creatinine, and Modification of Diet in Renal Disease estimated glomerular filtration rate.

Results: When Bojungikgi-tang and a standard treatment for diabetes were administered for patients with type 2 diabetes,
it was confirmed that there were no statistically significant changes in FBS and PP2 levels in the analysis of each medication
taken. There was no significant difference in the safety profile after taking Bojungikgi-tang.

Conclusions: The combined administration of Bojungikgi-tang with standard hypoglycemic medication for patients with

type 2 diabetes may not affect blood glucose levels and safety.

Key words: type 2 diabetes mellitus, Bojungikgi-tang, blood glucose level, Korean medicine
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Table 1. Composition of Bojungikgi-tang

ZJotret 237(E HE FoUt €Y ¥

I;Ilgrrggl Botanical name aﬁf&%ilvfg)
Bigwa Bojungikgi-tang (HiHaR)
® G Astragali Radix 2.84
B it Atractylodis Rhizoma alba 1.90
e F Gardeniae Fructus 1.90
% 8 Angelicae Gigantis Radix 1.90
H E Glycyrrhizae Radix 1.90
BE B Aurantii Nobilis Pericarpium 1.90
#% Liriopis Tuber 1.90
3+ R Magnoliae Fios 1.90
N Gingseng Radix 1.90
T+ ik Cimicifugae Rhizoma 0.95
o Asari Radix 0.95
%O Bupleuri Radix 0.95

/\I—‘

Hanshin Bojungikgi-tang (fiffaxis)

H it Atractylodis Rhizoma alba 1.25
N Gingseng Radix 1.25
H o= Glyeyrrhizae Radix 1.25
H G Astragali Radix 1.88
% ¥ Angelicae Gigantis Radix 0.63
BE B Aurantii Nobilis Pericarpium 0.63

it Cimicifugae Ehizoma 0.63
%A Bupleuri Radix 0.38

Kracie Bojungikgi-tang (firPasis)

H it Atractylodis Rhizoma alba 2.0
N Gingseng Radix 2.0
H E Glycyrrhizae Radix 0.75
wOIG Astragall Radix 2.0
% 5 Angelicae Gigantis Radix 15
B F Aurantii Nobilis Pericarpium 1.0
Tt i Cimicifugae Rhizoma 0.5
5 Bupleuri Radix 1.0
B Zingiberis Rhizoma Crudus 0.25
x OB Jujubae Fructus 1.0

~no

Pl =

AA7)Eel Fadske A AdaEr] S8l
7715 ARE Al on, AAEA A
&l (Order Communication System, OCS)z} Zz}¢]
7] % (Electronic Medical Records, EMR)A2] <]

27158 FPHon 2Ase A7 SALA 3

o
|zl
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BE7|eks oFobst W Este] RS df 3
Foll vlAE kS dolr | e sekAlAl H4
/‘l %"“} 299 FEIG A9 AF AT
A9 HH3k HIE 7—}7—1‘ vl wapole, A
% 7<}7P§ FEA7E ol43l &b £ BAE
# AL A3t SA s
BE37|el EFA7|AAA WL Fodo] gHAA
£ Frhsp] S8 FE B4 AFdERE 39 o
A Abe], oFE B4 2SI HE 3Y o] F Apo]d
Al&EE 7t 715 Ake Al 75 AAMe] 2SS v
3lgl o™, aspartic aminotransferase(AST), alanine
aminotransferase(ALT), alkaline phosphatase(ALP),
y-glutamyltransferase(GGT), Blood Urea Nitrogen
(BUN), Creatinine(Cr), Modification of Diet in
Renal Disease estimates glomerular filtration rate
(MDRD-eGFR) A& &&3lddch. &, A7) A
o dfsl] FEHQ 71FE sl AE I A=
ghall A EA S Akl

5
vwﬁanﬂw%%ﬂ4w&$%%o
g

3. EA A

GraphPad Prism ver.5(Graphpad software. Inc.,
San Diego, USA) T2 188 AHdale] EAA 24
< Aot AEE of 5o met Paired t-test

== Wilcoxon signed rank test® AlAlstsic o
7 ;HALX},] ANA BN 1wl AN ATl HFE
HxH(MeanS.D.) & 7|&3199 Y, 244 AA Al
oA ukEHsle &pA EA A7kA] 2718190
okl 742 =(Two-tailed p-value)= A= 95%

2

oA P-valueZ} 0.069 #E 7]E2o= s}l
4. A7 8|
2 3= Ay Y] 7| E &

991 3] (Institutional Review Board, IRB)¢] £l
S ulH(KHMC 2023-04-007-001).
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W oA S B88lA] e 1S AYsE 15 8
A ASRE AT 5 aJL WF Z 158 o5l
(Fig. D. 7 HAAES] i 2> 81.53+8.06
Agen, 2 F daprt 5%. oAz} 1082, o
Ae] vlgol o ¥l B AR 161.2248.95 cm,
HF AL 5953+6.27 kg, AATFA 4] FF7t
£ 23.05£3.18 kg/m’e| e}, EFA7 1A A HF B
£ 7|17k 30.93:81.68Y 01gl e, AFAES 9
717t F o AR, ATAE 5 dRHES
wasigll gt L A= o i

1
Ei?ié—’%‘il‘”"”% F}QF d

ofl k' rloir ot L

=2

=2

BAES] AR N340 790w A B
o,

stem, 2 sex HEd, ﬂJr?d gdzsfon
A =4 Tl 3

A (Table 3). A3AES
o] A A EZ (55, 33%). AHA
9 7144

(137, 86%).
(17, 6%). A AFA (1, 6%
3 7M1 32 Sddek(Table 3).
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J7etE E43 %Z}t 7—}7—.‘ 679 (40%) ©1%iet. 8t
o Hit B4 7]7}" 30.9381.68% ¢] 5 ot, 107
66%)° A= 109 ke B-8-319 vk (Table
3). 3 A9 1299 A= ‘;} ghekE 4
E-43137 Al Table 3).

= AR A7) A E B

—~

£37) A3

53;_\5{ . JCtj_,Qg/ . gg/g# . _%/T/" ofo;’a/ of,({/o# O/H#xJ

1278 (80%), AE 2 f- okt 3% (26%). «
gl o] 2~ °4X4]Xﬂ7} 2% (13%). ElekEe|de&e] 1%
(6%) £2o.2 ul=7} =okch 3 7}x) A AT
gt s 43k 73—‘%5 3% (20%) <1 Wb,
T 7HA o] Ake] Alde :’rbér’}ﬂ?f}zﬂe A5
o= A9t o 2o 80%). 1 F HMEXE
13} DDP-4 AAA S &3 —?‘7]' 673 (40%)
o2 74 wstek(Table 4).

28 Adults with T2DM
screened for eligibility

13 Excluded
12 No blood glucose results
v 1 No hypoglycemic agent

| 15 Participants included |

Fig. 1. Participant disposition.
T2DM : type 2 diabetes mellitus

Table 2. Baseline Demographics and Clinical

Characteristics
Characteristics No. (n=15)
Age, meantSD, y 81.53£8.06
Sex
Male 5
Female 10
Height, mean+SD, c¢cm 161.22+8.95
Body weight, mean+SD. kg 59.53+6.27
BMI, meantSD, kg/m? 23.05+3.18
Duration taking HE, days 30.93+81.68
Comorbidities at screening
Hypertension 13
Dyslipidemia 5
CVA 9
Cancer 1
HbAlc level, mean+SD, % (n=10)  7.4%1.05
>6.5% (%) 7 (70%)
6.5% (%) 3 (30%)

No. : number, SD : standard deviation, HE : herbal
extract, CVA : cerebrovascular accident
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Table 3. Details of the Participants

Duration Onset of No. of
No. of herbal Sew/Age TIDM Diet Combined 'Maln‘ Comorbidities Hypoglycemic
extract (kcal/day)  herbal diagnosis treatment
(year) .
(days) medicine
e HTN, CKD (stage2)¥.  METY,
1 % WK A2 I8 3 Chrint. atrial fibrillation ~ DPP4-T!
Osteoporosis with HTNF, MET,
e 1 FAT 20 100 L' Dathological fracture  HIVD of L-spine  DPP4-T!
METS,
3 5 M/74 2011 1800 0 Lung cancer COPD, BPH DPP4-I",
sut
Intracerebral hemorrhage - MET,
4 9 M/60  Unknown 900 2 0 brain stem HTN", seizure DPP4-1!
s
5% B8 209 1600 I Alheimers diease  Sick sinus syndrome 7,
Fracture of MET,
6 5 F/81  Unknown 1600 0 intertrochanteric HTNF, anorexia DPP4-T',
section of femur insulin
HTN*, DLP',
730 FAT 1989 1200 0 Chrint.* hypothyroidism, AGT*
bronchiectasis,
parkinsonism
8§ 1 & 12 1600 2 Ch-int* HTN', SIADH MET?,
) ’ DPP4-1!
. ‘ MET®
vy ¥ § .
9 2 F/85 2012 1600 3 Cb-inf. HTN*, AD DPP4-I!
£ +
10 34 BT 1989 1200 2 Cheint.* HTN', DL, AGT*
hypothyrodism
Severe depressive + + MET¥,
4 M& 10 180 2 episode Without SN g{;il;ﬁ DPP4I!,
psychotic symptoms ypothy sut
. MET®
A5} o HTN', DLP", =
Zoz M A yan 2 Chrinf. atral fibrilation DT
s
" HTN', MET®,
13 9 M/79 2009 1200 2 Cb-inf. . : . DPP4-T',
chronic periodontitis Ut
14 3 F/85 2011 1600 3 Parkinson's disease HTN*, DLP' MET*
Subarachnoid MET",
15 18 Fr17 1987 1300 1 HTN* unstable angina DPP4-1',
hemorrhage of MCA T7D"
*Cb-inf. : cerebral infarction, YDLP : dyslipidemia, ¥HTN : hypertension, §MET : metformin, | DPP4-1 : DPP-4

inhibitor, SU : surfonylurea, **AGI : a-glucosidase inhibitor, ¥¥TZD : thiazolidinediones, ¥¥CKD
disease, SAD : alzheimer's disease

. chronic kidney
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Table 4. Type of Hypoglycemic Treatment

228 - HPY - 20/F - LA - 24D - UG - O/

Hypoglycemic treatment No. of oral agent Type of oral agent Value (No.)
: Metformin 1
1 (Mono therapy) (n=3) AGL 9
Non-insulin (n=14) 2 (Dual therapy) (n=6) Metformin + DPP4-I 6
. 3 Metformin + DPP4-T + SU 4
3 (Triple therapy) (n=5)y 1o\ immin + DPP4-T + TZD 1

Insulin (n=1) 2 (n=1)

Metformin + DPP4-1 1

No. : number, DPP4-1 : DPP-4 inhibitor, SU : surfonylurea,

3. =tV |ANM =8 M3 dY x| B

AT A F YA FEEE AHE S
A& 4 ollem, BEo7|e 54 A s 11207
+18.10 mg/dLellA 58 3 S 108.79+18.47 mg/dL
02 A% AT BAACR fon|gt A
o] = $vH(p>0.05) (Table 5. Fig. 2A).

Hb | B 71ekE E-8-5F tjAkRte] A& 247
gk 3= 54 A 210.00+60.83 meg/dLelA B4
% 1654744390 meg/dLE BAA o2 §u|3 4
Fo 7 71438t p=0.0381) (Table 5, Fig. 2B) <
o, 391 25E EAE S W 53] F3kE A 54
65% 23 TFANAL] A1F 2/ I S B4
A 242.43£45.02 mg/dLell A 170.71+26.66 mg/dLE &
AR o2 foudt £F02 7H4s%Hp=0.0223)
(Table 5, Fig. 2, Fig. 3A).

43 Fk oA Y] FRel met ERske] 4
Ak 7 A7FsHARE B-8-3 A5, )
F2u3 DPP-4 JAAE E543 3% WEX
w3} DPP4 QA4 Az dfdols 583 7
vl Ex=2w3} DPP-4 A4S £33 7]E} oF

tol

o |u (o e

AGI : a-glucosidase inhibitor, TZD : thiazolidinediones

Q.

sholeh. BEoreks 109 ostz Bast A4S 2
B3} £33 106.22+15.51 me/dLell A 101.78+14.60
mg/dLE AT, A% 247 2 19410+
58.44 mg/dLo A 156.60+42.72 mg/dLE FFAE
o} EAAoR Fouldt Aol ¢l ®HF9
71eHE 1Y o4 30Y ol3tE E-83 A 35
Fah A& 2AZF "e] $A7b b7t 128.75+15.44
mg/dLell Al 114.25+12.53 mg/dL. 223.25+46.89 mg/dL
oA 167.25+32.21 mg/dLZE FAstloy EAA
o2 FoulstA = U Table 7).

15949 AT dAAt F 59elx BE7|E B8
A% D3t AL 2] H3bE A 4 gldleH,
24 A B3N E F3F 1.9240.63%04 F&
B 65tL14% R astgdoy EAMCR fo%
2Fol= $1alek(p=0.0625) (Table 8, Fig. 4).

N
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Table 5. Change in Blood Sugar Test Before and After Taking of Bojungikgi-tang

Blood sugar test Before (mg/dl) After (mg/dl) P value

Total

FBS 112.07+18.10 108.79+18.47 0.5563

PP2 210.00+60.83 165.47+43.90 0.0381*
HbAle>65% (n=7)

FBS 108.57+16.93 106.29+24.47 0.8176

PP2 242.43+45.02 170.71+26.66 0.0223*
HbAle<6.5% (n=3)

FBS 130.33+18.50 116+13.00 0.2500

PP?2 190.67+6.51 136+26.66 0.2500

HbAlc : glycated hemoglobin, FBS : fasting blood sugar, PP2 : post prandial 2 hours (blood sugar)

A. FBS (n=14) B. PP2 (n=15)
150- 250 *P=0.0381
—N s [ E—
P=0.5563 T
——
100
=) 3 150
0 () 0 [
E 50 5 E =
D 50 1 15}
M /M
0- 0

Fig. 2. Change in blood glucose after co-administration of Bojungikgi-tang and hypoglycemic agents.
FBS : fasting blood sugar, PP2 : 2 hours post-prandial plasma glucose

A. PP2 (HbAlc = 6.5%, n=7) B. PP2 (HbAlc < 6.5%, n=3)

300+ * P=0.0223 2501
- 555 P=0.2500
T B
200
5 150 -
= =1
% -
o o)
= | = &0
100 5 & .
oa _
04 0

Fig. 3. Change in 2-hours postprandial glucose levels in subgroups.

PP2 : 2 hours post-prandial plasma glucose, HbAlc : glycated Hemoglobin
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Table 6. Change in Blood Sugar Test in Subgroups Before and After Taking of Bojungikgi-tang

Blood sugar test Before (mg/dl) After (mg/dl) P value

Oral glucose-lowering drugs (n=14)

FBS 113.69£17.75 108.00£18.98 0.3014

PP2 202.50+55.46 166.64+45.31 0.0636
MET + DPP4-1 (n=6)

FBS 115.80£13.05 106.60£11.72 0.0727

PP2 175.83+45.46 152.67+21.08 0.4375
MET + DPP4-1 + SU (n=4)

FBS 107.00£21.59 100.00£21.59 0.2500

PP2 197.50+41.91 173.00£59.36 0.8750
MET + DPP4-1 +a(n=12)

FBS 113.37420.10 106.82+15.80 0.1575

PP?2 195.92£54.13 159.50£35.57 0.1514

FBS : fasting blood sugar, PP2 : post prandial 2 hours (blood sugar), MET : metformin, DPP4-I : DPP-4 inhibitor,
SU : surfonylurea, a : surfonylurea, thiazolidinedione, insulin or none

Table 7. Change in Blood Sugar Test Before and After Taking of Bojungikgi-tang by Period

Blood sugar test Before (mg/dl) After (mg/dl) P value
<10 days (n=10)
FBS 106.22+15.51 101.78+14.60 0.2031
PP2 194.10+58.44 156.60+42.72 0.2324
10<days<30 (n=4)
FBS 128.75+15.44 114.25+12.53 0.1250
PP?2 223.2546.89 167.25+32.21 0.1250

FBS : fasting blood sugar, PP2 : post prandial 2 hours (blood sugar)

Table 8. Change in HbAlc Level after Administration of Bojungikgi-tang

Before After p-value
Bojungikgi-tang (n=5) 7.9240.63 6.5£1.14 0.0625
HbAlc (n=5) of Bojungikgi-tang and hypoglycemic agents.
91 _'_ﬂ s HbAlc : glycated hemoglobin
£ 6 4 BV Y =28 = 7t 7|5 B3
5 AT WA F 2P A4l A dlglon,
3 s £ wEoy)e B4 AF AST. ALT A& 103,
D ALP 4= 54, GGTE 999 At d&
oL IS 4 Qe ngelsje 28 A ASTVF 9=
Fig. 4. Change in HbAlc level after co-administration A8t 2ok 199 A7 AL ey, B
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Z0)7]8} B8 o 322 7kaste] A Wl 3
Faleh. AST $21& BEo7|e 54 A 220+
8.08 U/Lel A B4 3 20.6+7.21 U/LZ, ALT 43
= B8 A 1284553 U/LelA B4 & 1294640
U/LZ, ALP X% 74241636 U/LellH E4 %
85.6+28.11 U/LZ, GGTE E% A 21.07.28 U/L
oA B8 3 2124600 U/LE W3 sle] B4 AS
25 A W dgsiaer SAMHeE {9
gk Aol $190H(p>0.05) (Table 9).

5. BEO|g 28 FE Al J|5 Ha
2Qa S

BE7)et 24 4% BUN Creatinine %=

o Bsi0) DIXE ¥E % oY 97

1051 AA & 4 slslen, 1 F 159 43
+ BE37eE 54317] A BUN, Creatinine 4*
27} AR =94t o] WAAke] BUN 44+
BEoets 58 ¥ 4] mg/dLelA 35 mg/dLE,
creatinine®] 4%+ 1.32 mg/dLellA 1.18 mg/dLo2
asteh A 9] ®Eeriy B4 A%
BUN, Creatinine %= 25 A ¢ Wl glgl
o}, BUN3} Creatinine, eGFR 4% a2 &3
A7)~ A A B8 A 27 165£9.63 me/dL, 0.75£0.24
mg/dL, 87.63+20.3591A &4 % 16.8+8.48 mg/dL,
0.73£0.22 mg/dL, 89.57+24.2% W3}slgi o], &4
gx oz Fou|gt 2ol $1ATHp0.05) (Table 9).

Table 9. Change in Liver and Kidney Function after Administration of Bojungikgi-tang

Before After p-value

AST, mean+SD, U/L 22.0£8.08 20.6£7.21 0.2337

ALT. mean+SD, U/L 12.845.53 12.9+6.40 0.9706

ALP, mean+SD, U/L 74.2%16.36 85.6+28.11 0.4558

GGT. mean+SD, U/L 21.0£7.28 21.2£6.00 0.9446

BUN, mean+SD, mg/dL 16.549.63 16.8+8.48 0.9183
Creatinine, mean+SD, mg/dL 0.750.24 0.73£0.22 0.9085
MDRD-eGFR. meanSD, mL/ min/1.73 m? 87.63£20.35 89.57+24.2 0.5498
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