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ABSTRACT

Objective: This study was conducted to investigate the hypoglycemic effect and safety of Ojeok-san in patients with type
2 Diabetes Mellitus.

Methods: We investigated type 2 diabetes mellitus patients at Kyung-Hee University Korean Medical Hospital who were
administered Ojeok-san for at least one day between January 2012 and September 2020, basal characteristics and laboratory
tests were reviewed retrospectively. The hypoglycemic effect of Ojeok-san was assessed by comparing fasting blood sugar
(FBS) and two hours post-prandial plasma glucose (PP2) levels from before and after taking Ojeok-san. Subgroup analyses
were conducted according to baseline hypoglycemic treatments and glycated hemoglobin levels (< or >6.5%). The safety of
Ojeok-san was assessed by comparing levels of aspartate aminotransferase, alanine aminotransferase, y-glutamyl transferase,
blood urea nitrogen, and creatinine.

Results: After Ojeok-san administration, FBS and PP2 were significantly reduced to an average of 14.33 mg/dL and 27.67
mg/dL respectively. In the subgroup analysis, PP2 in patients receiving metformin mono therapy was significantly reduced to
28.67 mg/dL, and those receiving a dual therapy of metformin and DPP-4 inhibitor, it was significantly reduced to 32.33
mg/dL. In patients with glycated hemoglobin of lower than 6.5%. FBS was significantly reduced to 12.20 mg/dL. and both
FBS and PP2 were significantly reduced, to 15.50 mg/dL and 40.00 mg/dL, respectively., in those with glycated hemoglobin
levels of more than 6.5%. The safety profile showed no significant difference after Ojeok-san administration.

Conclusions: Ojeok-san has significant hypoglycemic effects in patients with type 2 diabetes mellitus who are also taking
hypoglycemic agents.
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Table 1. Composition of Ofeok-san

2tAtel ggof 0jxl= Hg

Herbal name Botanical name Weights (g) S

Hanshin Qjeok-san  Oche-san Granule (Ojeok-san)
B it Atractylodis Ehizoma 2.67 3.0
ik Ephedrae Herba 0.67 1.0
PR K Citri Unshius Pericarpium 1.33 2.0
£ #b Magnoliae Cortex 0.53 1.0
& Platycodonis Radix 1.07 1.0
tH 5k Aurantii Fructus Immaturus 1.07 -
E B Angelicae Gigantis Radix 1.07 2.0
i B Zingiberis Ehizoma 0.53 -
Ay g Paeoniae Radix 1.07 1.0
& Poria Sclerotium 0.21 2.0
H - Angelicae Dahuricae Radix 0.93 1.0
= Cnidii Rhizoma 0.93 1.0
Z Pinelliae Tuber 0.93 2.0
S ES Cinnamomi Cortex 0.19 1.0
H = Glyeyrrhizae Radix et Rhizoma 0.8 1.0
OB Zingiberis Rhizoma Kecens 0.47 1.0
O Ponciri Fructus Immaturus - 1.0
K E Zizyphi Fructus - 1.0
Total (g) 13.05 75

2. A e B AR = 54 £5 19 39 ¥4

AAR7)E st dTHAdE 2AP] $E) FAE AHEEsT 3y Aw BAM > AT

JF71 5" ARE QA oH, LA % Tx

& FPHoz 2% AT EATH A
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Aspo) o3 Jug 273k

]_
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B4 AR 58 A% 7Y oY Abe], QA4
B4 22dd 34 $2 7Y o/ FY Abelol] A3
g 9 AxE AF Wl on.  Aspartic

aminotransferase(AST), Alanine aminotransferase
(ALT), y-glutamyltransferase (GGT), Blood Urea
Nitrogen(BUN), Creatinine(Cr) $321= AF&-3}31H.



3. A Mzl

E A+ GraphPadPrism ver.5(Graphpad software,
Inc.. San Diego, USA)& AM4-3le], AFEE o3
of we} Paired t-test -2 Wilcoxon signed rank
test= A]._Q.g]_oﬂu} qi:lLuH/\]-x],E_g] olu]—;ﬂ E./H u]
AN HF+2FH A (MeanS.D.) 2 EA3}
A, 25 AA zEdA bR o)
ZAA G2 = (Two-tailed p-value)= A= 95%¢]
A P-valueZ} <0.06% W& 7|E22 39t

%

= g H
4 Mo
S )

B2 73|ty shibe o] 7] A f2
991 3] (Institutional Review Board, IRB)<] %<l

< W (KHMC 2021-02-002).
m, 2 m

I ATOiake| ek £

20129 19 1928 2020 099 3047kA] A3
fﬂz‘fﬁ B LH %oﬂ dste] 284k 1Y
=9 e F 1994+
<F1g 1. rﬂ%x}%ﬂ b}olﬂ HFh2 68.0+13.584,
A7 BxE 332 49(21%), A3 159 (79%) &
2 429 Bl &o] Eoeh WAAEY] HF A
160.3+9.42 em@ o™, H AFE 65.46£11.39 ke
i AAGA S 25455365 kg/mPelglet. AR
£ oA »t 2877 13.00£14.33 o] 91 2.
o, HAA & 1995 1059 dAAES A=

O/E/;\ /ow?ﬂ/ Oﬁo;’ 0/0/04 o/o:/ﬂ . o/giE/ . 3//{//%1 . O/gig

717k 1131+1052 dolgla, H+ 23t
2% 6.79£0.71 %A =H(Table 2).

Prescreened patients
(n=30) Patients Excluded

No blood glucose results (n=5)

v Insufficient OJS administration (n=>5)

Patients included No lab results (n=1)

(n=19)

Fig. 1. Flow chart of selection process.

n : number, OJS : Ojeok-san

Table 2. Baseline Characteristics of Participants

Characteristics (n=19) Value
Age (years) 68.00+£13.58
Male 4
Sex (No.) Female 5
Height (cm) 160.3+9.423
Weight (kg) 65.46+11.39
BMI (kg/m?) 25.45+3.650
Duration taking OJS (days) 13.00+14.33
Hypertension 14
Co-morbidity Hyperlipidemia 12
(No.) CV.A 0
Angina 1
Hypothyroidism 2
DuratloE (years) 11.31£1059
Characteristics of (n=16)
diabetes Glyca'ted
hemoglobin (%) 6.794%0.7122
(n=16)

No. : number, OJS : Ojeok-san, CVA : cerebrovascular
accident

[o o |4 o afn

o]
7Ha gkSkar, DPP-4 S AIAlI 7} 109 (53%). A
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E 447} 69 (31.6%), ElolEeld]o] 19 (5%) AZQ 4 Werad o] 39 (16%) et 34 #F
oliet. AT d7teAl dE8W 4“3 21% o] W= 39 (16%) ] sdler, WlEx 2R3} DPP-4
glom, ofEo] ZFE wEZ2W o] 3% (16%), Q#lelﬂ dEZEQAA Wy 29(11%), HEE
AELQLAAZE 19 (5%) o] AT 24 Wtewe 2413} DPP+4 94%1]%1]3} 510};:111%‘:1% H3kQH o
10 (53%) 2.2, Wl Ex=2x3} DPP—4 AA A7} 79 %‘ 5%) el A& + AMEEE YA
(371%) o2 7} wokom, 1 9o v Ex=R3 He BF “ﬂE“E“] < ﬂﬂﬂ E-8-3}3cH(Table 3).
Table 3. Hypoglycemic Treatment of Participants
Hypoglycemic treatment No. of oral agent Type of oral agent Value (No.)

a Metformin 3

1 (mono therapy) (n=4) U 1

- _ B Metformin+D PP-4i 7

Non-insulin (n=17) 2 (dual therapy) (n=10) MetforminSU 3

. B Metformin+D PP-4i+SU 2

3 (triple therapy) (n=3)y /o min+ DPP-4i+T7D 1

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

No. : number, DPP-4i : Dipeptidyl peptidase-4 inhibitor, SU : Surfonylurea, TZD : Thiazolidinediones

3. &M 58 M g4 x| #g) A.FBS
YAR S| TRET FFE oA 2L A 150- p=0.0020**
127.3+20.51 mg/dLell A B8 % 113.0+13.39 mg/dLZ
14.33+16.68 mg/dL wHg EAACZ oA 7 _, 1007
48315 (95% CI(Confidence interval), 6.036-22.63 %
mg/dL: p=0.0020). 50-1
/Jf 2A]7} guy,] b= | -.:T% o;a;\} m A 196.1
+31.61 mg/dLelA 58 3 1684+31.3]1 mg/dL= 0 el
27.67+34.96 mg/dL 5HE BAA 2 §5HA A B. PP2
#AeH%5% CL 10.28-45.05 me/dL: p=0.0037)(Table 2507 50,0037
4, Fig 2). 200
, = 1501
Table 4. Comparison of Blood Glucose before and 5
After administration of Ojeok-san with E 100
Hypoglycemic Agents 50-
Before After p-value 0 .
FBS (mg/dL) s Before After
(n=1g)  L27-3+2051 113.0+13.39 0.0020 Fig 2. Change in blood glucose before and after co-
. administration of Ofeok-san and hypoglycemic
PPz (me/dL) jg61.9) 61 168423131 0.0037% ! VRoBly
(n=18) agents.
FBS : fasting blood sugar, PP2 : 2 hours post-prandial FBS : fasting blood sugar, PP2 : 2 hours post-
plasma glucose prandial plasma glucose
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o A FEIGS oA-A F4 A 1183+17.93
mg/dLell A 3-8 3 104.044.58 mg/dLZ I+ 14.33
+13.58 mg/dL #4389 oH(p)0.05) (Fig 3A). #E
2R 524 AHSe AR 7 AE
A7 I 2 AAL B4 A 175.0£16.52 mg/dLel
A B4 3 146.3+17.24 mg/dLo2, 4 28.67+4.509
mg/dL Zastgor EAH07 §285H95%
CL 17.46-39.87 mg/dL: p=0.0081)(Fig 3B). A&
A dE2E A ARE 19olsion,
B8k 159 me/dLelA 134 mg/dLE 25 mg/dL
Ak, AlE 2417 S 249 mg/dLelA
184 mg/dLZ 65 mg/dL A3ty 24 W3t
% WEx=43} DPP4 JAAE AMsts HA
AEY] A FEIEGS -4 B8 A 117.223.67
mg/dLel A B4 F 11621356 mg/dLe2, 7+
1.00+15.47 mg/dL A3 eH(p>0.05) (Fig 3C). ©l
Exenlz DPP-4 JAAE AHEslE RS
Hd AZE Az 2 191.2£18.13 mg/dLelA
158.8+22.86 mg/dL=E H+ 32.33+25.24 mg/dL &
EA-o = oA ZAAsvh (%% Cl., 5.841-58.83
mg/dL: p=0.0257)(Fig 3D). 24] WgeW F A E
213 AELAAE A dAAES] g
s EL A 146.7£12.70 mg/dLelA

4 mg/dLeZ, 4 25.67+17.04
mg/dL. WF A TH(p0.05). 241 HEeye
2 v Ezxany HEQAAE AL JARE
b e 228.7£27.54 mg/dLelA

167.0+48.88 mg/dLZ S+ 61.6750.72 mg/dL 74
slATH(py0.05). 34 Wg oz WEX=W DPP-4
AAA, AELDAE AHS3E dAAAES] HA
TEEGE oA 54 A 1335212 mg/dLellA]
EL 3 11852071 mg/dLE FHAstd s, HH A%
A7 892 171.5%38.89 mg/dLell A 185.0+15.56
mg/dLE F7F8tod o, WAt 2] HF0 7 p-value
2 7T 5 9] BAHoE foskx ¢tk 34
wWetgw oz wEeExan DPP-4 JAA, Elo}E

o ofd

fo
4
o

08Iz - ZTE - 2251 - 0[2tg - ggie? - o1gE - 2 S - 0/ F

oS5 B-83te AR 1Moz, o-AF &
£ A FEId-2 127 mg/dLellA 105 mg/dLZ 22
mg/dL 7HAaslsd o, A5 2A417F d2 206 mg/dL
oA 230 mg/dLZ 14 mg/dL Asstadch e
& Agste dAale BF 2goR R vER
2R3 Westy 9, HF EIEGS A4
B8 A 1205t14.85 mg/dLellA 2AAF B8 3 930
+0.90 mg/dLE, 3 A F 2417 I 186.5453.03
mg/dLel A 177.0£41.01 mg/dLZ FA 7F4stg e
w, Az o E522 pvalues 7 4§
H(Table 5). HAAE] AHE-F

old rlo

ol ZFA2Y £
Foll w2 skg Ak FAMoA vE Auzke]

o3 zhol= HAdo

A2d Bxre] dibHel 99 WA FE=
FHAL 65% mRto R, AR = T3y
6.5% mIBkel zke} 6.5% o4l A=

FATOR o] 9]¢
%

E-8 A 123.2£23.06 mg/dLollA B4 2 111.0+16.63
mg/dL 2, F4 12.20£6.834 mg/dLe] FA7} g1l
ow EAARCR §o31cH(95% CI, 3.716-20.68
mg/dL: p=0.0162)(Fig 4A). ¢ WA= H
T AE A7 Age 9-AF B8 - 173.2£19.91
mg/dLellA B8 3 1547+21.93 me/dLE. I
18.50+26.32 mg/dLe] 7HA7t glelovt EA Aoz
fo3 A= ok (pr0.05) (Fig 4B).

TN LT} 65% o1l WAL 4 F
e oAk B4 A 130.8+21.88 meg/dLolA &
% 115.3+13.61 mg/dLZ, H+ 15.50+21.32 mg/dL
a7t slslem SAMCR £931vH95%
CL 0.2466-30.75 mg/dL: p=0.0471)(Fig 4C). v]%
AL A AF A g oAA 28 A
218.6+24.56 mg/dLelA H& £ 178.6+38.01 mg/dL
2, I 40.00£41.5] meg/dL Fastgon EA A
2 Fo388eH95% CIL 8.093-71.91 mg/dL: p=0.0202)
(Fig 4D).

Q.
o
9
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A. Metformin - FBS B. Metformin - PP2
1501 p>0.05 2004 p=0.0081**
—_—
—_
150
100
2 2
> 5 100
£ £
50
50
Bef'ore After - Bef|ore After
C. Met+DPP4i (Dual) - FBS D. Met+DPP4i (Dual) - PP2
1507 p>0.05 207 p=0.0257*
I 2001 =y
100
§l o 1504
=) B
£ £ 1004
50
504
Bef'ore After N Bef'ore After

Fig 3. Subgroup analyses of blood glucose before and after administration of Ojeok-san with hypoglycemic
agents - hypoglycemic treatment.

FBS : fasting blood sugar, PP2 : 2 hours post-prandial plasma glucose, Met : Metformin, DPP4i : Dipeptidyl
peptidase-4 inhibitor

Table 5. Subgroup Analyses of Blood Glucose before and after Administration of Ook-san with Hypoglycemic
Agents -Hypoglycemic Treatment

Before After p-value
Metformin (n=3)
FBS (mg/dL) 118.3£17.93 104.0£4.583 0.2090
M PP2 (mg/dL) 175.0£16.52 146.3£17.24 0.0081**
0no =
SU (n=1)
FBS (mg/dL) 159 134 -
PP2 (mg/dL) 249 184 -
Metformin+DPP-4i (n=7)
FBS (mg/dL) (n=6) 117.2£23.67 116.2£13.56 0.8804
Dual PP2 (mg/dL) (n=6) 191.2+18.13 158.8+22.86 0.0257*
Metformin+SU (n=3)
FBS (mg/dL) 146.7+12.70 121.0+7.937 0.1208
PP2 (mg/dL) 171.5+38.89 185.0£15.56 0.5635
Metformin+DPP-4i+SU (n=2)
FBS (mg/dL) 133.5+2.121 118.5+0.7071 -
Triple PP2 (mg/dL) 183.0+33.96 200.0£28.21 -
Metformin+DPP-4i+TZD (n=1)
FBS (mg/dL) 127 105 -
PP2 (mg/dL) 206 230 -
Metformin (n=2)
Insulin FBS (mg/dL) 120.5+14.85 93.00£9.899 -
PP2 (mg/dL) 186.5+53.03 177.0+41.01 -

FBS : fasting blood sugar, PP2 : 2 hours post-prandial plasma glucose, DPP-4i : Dipeptidyl peptidase-4 inhibitor, SU
. Surfonylurea, TZD : Thiazolidinediones
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A.FBS -
150+

HbA1c <6.5
p=0.0162*
—_

100

mg/dL

Bef‘ore

HbAlc 2 6.5

p=0.0471*
—_—

C.FBS -
150+

100

mg/dL

50

Beflore

After

Fig. 4. Subgroup analyses of blood glucose before and after administration of Ojeok-san with hypoglycemic
agents - HbAIc.

FBS : fasting blood sugar, PP2 :
1 SEM 22 [F 7 |5 Hal
A %4 A BARE A AR dele
o, 244 4 AFE AST, ALT %2 8HelA,
GOT B 53elM ¢ & qloleh 244 %8
A 4 AST g2 27.38+1379 U/LelA B8 =

23.13#5.25 U/LZ H+F 4.25%9.16 U/L A3
H ALT 32 58 A 30.88+21.62 U/LelA
26.00£11.89 U/Le.2 H 4.88+1547 U/L 748}
Ao, BAHoR o34 e (pr0.05). B+
GGT < 44 54 A 36.40+28.82 U/LellA
4 % 3380426.37 U/LZ H+ 2.60+2.61 U/L
sstdon} oda EAMoz gosA: oo}

=4

(p20.05). AAAAFEe] 24 58 A5 AST, ALT.
GGT %> =7 Al i st (Table 6).

0/pIZ - 70 928 - 0/ - YFH -

mg/dL

2 hours post-prandial plasma glucose, HbAlc :

ofodof .

— O

Mg - o/

B.PP2 -HbA1c < 6.5

200+ p>0.05
—_

Bef‘ore
D.FBS -HbA1c 2z 6.5
250+ p=0.0202*

200+

150

100

50+

o

After

T
Before

Glycated hemoglobin

Table 6. Subgroup Analyses of Blood Glucose before
and after Administration of Ofeok-san with
Hypoglycemic Agents - HbAlc

After

Before
HbA1e6.5% (n=6)
FBS (mg/dL) 123.2+23.06
PP2 (mg/dL) 173.24¢19.91
HbAle>6.5% (n=10)
FBS (mg/dL) 130.8+21.88 115.3£13.61 0.0471*
PP2 (mg/dL) 218.6+24.56 178.6+38.01 0.0202*

FBS : fasting blood sugar, PP2 : 2 hours post-prandial
plasma glucose, HbAlc : Glycated hemoglobin

p-value

111.0+16.63
154.7+21.93

0.0162*
0.1457

3}

2 A3 9l& A= ol
% BUN3} Creatinine®| %t
SAA B8 A HF
.09 mg/de’ﬂ A B8 %1313
+4.64 mg/dL.i, E'_—‘v:— Aol sidetad . B
2.0019.35 mg/dL Ao, BEAAHCRE §2n|

O
=
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A Ekeh(py0.05). £AAF B4 A 4 Creatinine
9] ZF& 0.69+0.20 mg/dLellA 0.65£0.13 mg/dLo2,
25 A2 At 0.03£0.13 mg/dL Ao
v BAAcR FonlstA] keh(py0.05) (Table 7).

Table 7. Comparison of Liver and Kidney Function
before and after Administration of Qieok-sar
with Hypoglycemic Agents

Before After  p-value

AST (U/L) 27.38 23.13
(n=8) 1379 hogg 00

ALT (U/L) 30.88 26.00
(n=8) 16 1189 402

GGT (U/L) 36.40 33.80
(n=5) N T

BUN (mg/dL) 15.13 13.13
(n=8) +10.09 +4.643 0.8655
Creatinine (mg/dL)  0.6850 0.6538 05277

(n=8) 02021  +0.1263

AST : aspartate aminotransferase, ALT : alanine

aminotransferase, GGT : y-glutamyl transferase, BUN

. blood urea nitrogen
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